
(19) United States 
US 20070085364A1 

(12) Patent Application Publication (10) Pub. No.: US 2007/0085364 A1 
Sato (43) Pub. Date: Apr. 19, 2007 

(54) INTERIOR MATERIAL, PANEL FORMING 
BODY, AND MANUFACTURING METHOD 
FOR INTERIOR MATERAL 

(76) Inventor: Kanichi Sato, Osaka (JP) 
Correspondence Address: 
EVEREST INTELLECTUAL PROPERTY LAW 
GROUP 
P. O. BOX 708 
NORTHBROOK, IL 60065 (US) 

(21) 

(22) 

Appl. No.: 10/578,629 

PCT Fed: Nov. 1, 2004 

(86). PCT No.: 

S 371(c)(1), 
(2), (4) Date: 

PCT/PO4/16236 

May 9, 2006 

(30) Foreign Application Priority Data 

Nov. 11, 2003 (JP)...................................... 2003-380.638 

N 2 22 
& 25 N 

INSIDE OF AN 
OPERATOR'S CAB % 53 

s 
N 3. 22x2 

Publication Classification 

(51) Int. Cl. 
B62D 33/00 (2006.01) 

(52) U.S. Cl. ............................................................ 296/.393 

(57) ABSTRACT 

The present invention provides an interior material of an 
operator's cab of a work machine, the interior material 
comprising at least a structure member and a noise absorp 
tion layer, wherein the structure member has at least one rib 
which is formed on an inside surface of a base portion 
thereof and comes into intimate contact with an inside 
Surface of an exterior material and a hermetically sealed 
hollow portion is formed by the rib in intimate contact with 
the exterior material, and the noise absorption layer is 
disposed on an outside surface of the structure member. With 
the interior material, a work environment in the operators 
cab of the work machine can be enhanced by effectively 
Suppressing the noise entering from an outside of the opera 
tor's cab. 
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INTERIOR MATERIAL PANEL FORMING BODY, 
AND MANUFACTURING METHOD FOR 

INTERIOR MATERAL 

TECHNICAL FIELD 

0001. The present invention relates to an interior material 
of an operator's cab for use in work machines, work 
vehicles, and the like Such as civil engineering/construction, 
agricultural, and other industrial machines and vehicles, and 
to a method of manufacturing the interior material. 

BACKGROUND ART 

0002. In general, work machines include machines and 
vehicles for performing various types of works (hereinafter, 
referred to as work machines), for example, a civil engi 
neering ?construction machine such as a hydraulic shovel 
and the like, an agriculture machine Such as a tractor and the 
like, a material handling machine, and other industrial 
machines, vehicles and the like. An operators cab disposed 
to these work machines is placed in a bad working envi 
ronment with violent noise and vibration. 

0003 For example, there is a hydraulic shovel 100 as one 
of civil engineering/construction machines as shown in FIG. 
8. In the hydraulic shovel 100, an upper pivot body 103 is 
pivotably disposed on a lower traveling body 101 through a 
pivot mechanism 102. The upper pivot body 103 is provided 
with power units such as a work machine 104, an engine 108 
and the like, and an operator's cab 110, and the like. Further, 
in general, this type of the work machine 104 has an 
attachment 107 attached thereto such as a boom 105 dis 
posed to perform an up and down operation, an arm 106 
mounted at an extreme end of the boom 105 to pivot up and 
down, a bucket disposed at an extreme end of the arm 106, 
and the like. 

0004 The operator's cab 110 is ordinarily formed in a 
box shape, and has a front window attached to a front Surface 
and a window formed on a rear portion in a size as large as 
possible. Further, the operator's cab 110 is also provided 
with a window in an upper halfportion on a side where the 
work machine 104 is installed (on a right side in a traveling 
direction of the vehicle) as shown in FIG. 8, and a door 111 
is disposed to an opposite side of the window (on a left side 
in the traveling direction of the vehicle). An operator enters 
and exits the operator's cab 110 by opening and closing the 
door 111. 

0005. In the hydraulic shovel 100, drive machines such as 
a vehicle-mounted engine 108 and the like are disposed 
rearward of the operator's cab 110. In addition, the work 
machine 104 disposed forward of the operators cab 110 
performs work Such as excavation, lifting of soil, and the 
like. As a result, an inside of the operator's cab 110, in which 
the operator drives the hydraulic shovel, has violent noise 
and vibration and is placed in a very bad working environ 
ment. For this reason, there is conventionally required to 
improve dwelling comfort in the operator's cab by Suppress 
ing noise to the operator's cab 110 in order to improve a 
working environment of the operator. 
0006. In contrast, for example, a passenger car is pro 
vided with noise insulation means for preventing noise from 
an engine into a compartment. As the noise insulation 
means, an action of bonding a noise insulation material to 
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partition parts, and the like is ordinarily employed. As a 
method of attaching the noise insulation material, Japanese 
Patent Application Laid-Open No. 2003-10967 (patent 
document 1) discloses a method of manufacturing noise 
insulating body parts. In the method of manufacturing the 
noise insulating body parts, in order to fill body parts such 
as a dash lower with a noise insulation material, a noise 
insulation material is previously inserted into a molded 
vehicle part before it is foamed, the inserted noise insulation 
material is partly foamed by heat when the vehicle part is 
welded, and then the overall noise insulation material is 
heated and foamed. Further, a plurality of ribs are disposed 
in a row in the dash lower along an extending direction 
thereof so that they act as fitting means and reinforcing 
means of the noise insulation material. 

0007 Further, for example, Japanese Patent No. 3280845 
(patent document 2) proposes an interior material for a 
passenger car. In the interior material for the passenger car, 
a plurality of fan-shaped continuous reinforcing ribs are 
disposed in contact with an inner Surface of the interior 
material that covers a space formed adjacent to a structure 
member such as a pillar panel, a side roof and the like of the 
passenger car as well as additional ribs Smaller than the 
reinforcing ribs interposed between the reinforcing ribs as 
means for preventing noise Such as a Zoom generated when 
the passenger car travels. 
0008 Patent Document 1: Japanese Patent Application 
Laid-Open No. 2003-10967 

0009 Patent Document 2: Japanese Patent No. 3280845 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 
0010 When the method of filling vehicle parts with the 
noise insulation material is employed to insulate noise as 
disclosed in the patent document 1 in a passenger car to 
which excellent dwelling comfort is required as described 
above, it is effective means to a portion Such as the dash 
lower whose space is formed relatively small. However, in 
construction machines such as a hydraulic shovel whose 
body is intensely vibrated in its entirety as compared with 
passenger cars and violent noise and vibration are transmit 
ted from an engine mounted thereon, respective panel form 
ing bodies that form an operator's cab are large in size as a 
whole due to a structure thereof, and further an assembly 
structure of the body thereof is different from that of the 
passenger car. Accordingly, it is difficult to apply a system 
of the patent document 1 to work machines such as the 
construction machines and the like. 

0011 Further, when two types of ribs are directly and 
alternately disposed to an interior material or to an exterior 
material to suppress generation of vibration as in the patent 
document 2, it is difficult to Suppress such large noise as that 
generated in the work machines only by a provision of the 
ribs. 

0012 That is, in the work machines with intense noise 
and vibration, it is difficult to expect a sufficient noise 
damping effect only by countermeasures employed in the 
passenger car Such as filling an inside of a panel forming 
body that covers the outside of an operator's cab with a 
material having an excellent noise insulation property or 
providing the inside of the panel forming body with ribs, 
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when time and effort required to manufacture the panel 
forming body is taken into consideration. 
0013. Accordingly, an object of the present invention, 
which has been made to overcome the above problems, is to 
provide an interior material and a panel forming body of an 
operator's cab of a work machine that can improve a 
working environment in the operator's cab by effectively 
Suppressing noise entering the operators cab from an out 
side thereof, and a method of manufacturing the interior 
material. 

Means for Solving the Problems 
0014) To achieve the above object, a leading feature of 
the present invention resides in an interior material of an 
operator's cab of a work machine, the interior material 
having at least a structure member and a noise absorption 
layer, wherein the structure member includes at least one rib 
which is formed on an inside surface of a base portion 
thereof and comes into intimate contact with an inside 
surface of an exterior material, a hermetically sealed hollow 
portion is formed by the rib in intimate contact with the 
exterior material, and the noise absorption layer is disposed 
on an outside Surface of the structure member. 

0.015 Further, in the interior material of the present 
invention, it is preferable that, in order to more effectively 
absorb entering noise (noise wave), an inside Surface of the 
structure member and a part of a Surface or an entire Surface 
of the rib are provided with the noise absorption layer, and 
it is preferable, for example, that the inside surface of the 
structure member confronting the exterior material is pro 
vided with the noise absorption layer. 

0016 Further, when a noise insulation property of the 
interior material is taken into consideration in the present 
invention, it is preferable that the structure member is 
formed of any one of polyurethane, polypropylene, ABS 
resin, and AES resin, and it is preferable that the noise 
absorption layer is a continuous foam body and/or a fiber 
aggregate formed of at least one of low repulsion urethane, 
semi-rigid urethane, PET (polyethylene terephthalate) resin, 
and polystyrene resin. 
0017 Further, in the present invention, it is preferable 
that a Surface clad material is attached to a Surface of the 
noise absorption layer opposite to the structure member, and, 
in particular, it is preferable that the surface clad material is 
Subjected to a dirt prevention treatment. 
0018. According to the present invention, there is pro 
vided a panel forming body including the interior material 
and the exterior material of the present invention. 
0019. Next, there is provided a method of manufacturing 
an interior material of an operator's cab of a work machine 
according to the present invention, the interior material 
having a structure member and a noise absorption layer 
disposed on an outside Surface of the structure member, 
wherein the structure member has a rib which stands from an 
inside surface of the base portion thereof and comes into 
intimate contact with an inside Surface of an exterior mate 
rial, and a hollow portion is formed by the rib in intimate 
contact with the exterior material. A leading feature of the 
method resides in forming the structure member having at 
least one rib in a desired shape by an injection molding 
method; forming at least one hole portion in the structure 
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member, the hole portion passing through the base portion 
from an outside surface thereof to the inside surface thereof 
when or after the structure member is molded; attaching the 
structure member in which the hole portion has been formed 
to a mold; and molding a noise absorption layer on the 
outside surface of the structure member using the mold by 
injecting a material constituting the noise absorption layer 
onto the outside surface of the structure member, and at the 
same time, forming the noise absorption layer on the inside 
surface of the structure member and on a part of the surface 
or an entire surface of the rib through the hole portion. 
0020) Further, it is preferable that the method of manu 
facturing the interior material of the present invention 
includes, when the noise absorption layer is injection 
molded: previously attaching the Surface clad material to a 
side of the mold confronting the outside surface of the 
structure member; and injecting the material constituting the 
noise absorption layer into an interval between the structure 
member and the surface clad material attached to the mold. 

EFFECT OF THE INVENTION 

0021. The interior material of the operators cab of the 
work machine of the present invention has at least the 
structure member and the noise absorption layer. The struc 
ture member includes at least one rib which is formed on the 
inside surface of the base portion thereof and comes into 
intimate contact with the inside surface of the exterior 
material as well as the hermetically sealed hollow portion 
formed by the rib in intimate contact with the exterior 
material, and the noise absorption layer is disposed on the 
outside surface of the structure member. 

0022. That is, the interior material of the present inven 
tion can obtain a very excellent noise insulation effect by 
being simultaneously provided with a function for Suppress 
ing vibration of the exterior material by the rib in intimate 
contact with the exterior material and a function for absorb 
ing the noise entered the hermetically sealed hollow portion 
of the structure member after it is diffusedly reflected and 
damped. 

0023. In addition, when the interior material of the 
present invention has the noise absorption layer on the inside 
surface of the structure member and the part of the surface 
of the rib, the noise which enters the hermetically sealed 
hollow portion of the structure member can be damped by 
being diffusely reflected repeatedly in the hollow portion as 
well as can be absorbed by the noise absorption layer on the 
inside surface of the structure member. Consequently, the 
interior material can obtain a very excellent noise insulation 
effect. 

0024. Further, in the present invention, when the struc 
ture member is formed of any one of polyurethane, polypro 
pylene, ABS resin, and AES resin, these materials are 
excellent in molding easiness, and therefore, the structure 
member can be easily and securely molded even if the 
interior material has a complicated shape. Further, since the 
structure member molded by the molding material has high 
rigidity, it can stably keep a predetermined shape. 

0025) Furthermore, when the noise absorption layer of 
the interior material is the continuous foam body and/or the 
fiber aggregate formed of at least one of low repulsion 
urethane, semi-rigid urethane, PET resin, and polystyrene 
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resin, it can be easily formed in conformity with the shape 
of the structure member, and communication pores/ventila 
tion spaces can be easily formed therein. Accordingly, even 
if the noise absorption layer is thin in wall thickness and has 
complex and minute spaces formed therein, it can very 
effectively absorb noise, whereby the noise insulation prop 
erty of the interior material can be more enhanced. 
0026. The panel forming body of the present invention is 
provided with the interior material having the excellent 
sound insulation effect as described above. Thus, when it is 
attached to, for example, an operator's cab of a work 
machine, the noise entering from the outside of the exterior 
material can be effectively suppressed, so that the working 
environment in the operators cab can be enhanced. 
0027 According to the method of manufacturing the 
interior material of the operator's cab of the work machine 
of the present invention, the interior material has a charac 
teristic feature as described above. As a consequence, even 
if the interior material of the operator's cab of the work 
machine of the present invention has a complex structure, it 
can be easily and stably manufactured. In particular, in the 
manufacturing method of the present invention, the structure 
member is molded together with the rib by the injection 
molding method, and thereafter, the material constituting the 
noise absorption layer is injected onto the outside Surface of 
the structure member after at least one hole portion is formed 
in the structure member Such that it passes through the base 
portion thereof from the outside surface to the inside surface. 
Accordingly, the noise absorption layer can be effectively 
formed on the inside surface of the structure member and on 
the part of the surface or the entire surface of the rib through 
the hole portion at the same time the noise absorption layer 
is molded on the outside surface of the structure member. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028 FIG. 1 is a schematic sectional view of a panel 
forming body having an interior material according to the 
present invention. 
0029 FIG. 2 is a schematic sectional view of a panel 
forming body having an interior material of another mode 
according to the present invention. 
0030 FIG. 3 is a schematic explanatory view explaining 
a method of a noise insulation test. 

0031 FIG. 4 is a graph showing a result of the noise 
insulation test. 

0032 FIG. 5 is a schematic sectional view of a panel 
forming body having an interior material of still another 
mode according to the present invention. 

0033 FIG. 6 is a schematic sectional view showing a 
more specific example of a panel forming body having an 
interior material. 

0034 FIG. 7 is an explanatory view explaining a method 
of manufacturing an interior material and a panel forming 
body. 

0035 FIG. 8 is a schematic view schematically showing 
a hydraulic shovel. 
0.036 FIG. 9(a) is a perspective outside appearance view 
showing a specific application example of an interior mate 

Apr. 19, 2007 

rial, and FIG. 9(b) is a back view when the interior material 
is observed from a back surface side. 

REFERENCE NUMERALS 

0037) 1 panel forming body 
0038) 1' panel forming body 
0039) 1" in panel forming body 

0040 2 exterior material 
0041. 2' inside surface of an exterior material 
0042. 3 interior material 
0043) 3' interior material 
0044) 3" interior material 
0045 4 structure member 
0046) 4a rib 
0047 4' inside surface of a structure member 
0048 5 noise absorption layer 
0049 6 surface clad material 
0050 7 noise absorption layer 
0051. 7a noise absorption layer 
0.052 8 hollow portion 
0053 9 panel forming body 

0054) 10 interior material 
0.055 11 structure member 
0056) 11a rib 
0057 11' base portion of a structure member 
0.058 12 hole portion 
0059 13 noise absorption layer 
0060 14 surface clad material 
0061 15 air conditioning duct 
0062) 16 hollow portion 
0063) 18 lid member 
0064) 19 solid propagation sound 
0065. 20 noise entering a hollow portion 
0.066 50 mold 
0067. 51 upper mold 
0068) 52 lower mold 
0069 54 mold 
0070) 55 upper mold 
0.071) 56 lower mold 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0072 A preferable embodiment of an interior material 
and a panel forming body of an operator's cab of a work 
machine according to the present invention as well as a 



US 2007/0085364 A1 

method of manufacturing the interior material will be 
explained below in detail with reference to the drawings. 
0073 First, the interior material of the operator's cab of 
the work machine according to the present invention will be 
explained. FIG. 1 is a schematic sectional view of the 
interior material and the panel forming body having the 
interior material according to the embodiment. 
0074 The panel forming body 1 for use in the operators 
cab of the work machine shown in FIG. 1 is composed of an 
interior material 3 which is disposed on an operator's cab 
side, and an exterior material 2 which is disposed in intimate 
contact with a rib 4a of the interior material 3 with the 
interior material 3 being integrated with the exterior material 
2. The exterior material 2 and the interior material 3 are 
assembled by being joined or bonded to each other at, for 
example, an extreme end of a peripheral wall portion (not 
shown) of the interior material 3 so that they are not easily 
separated from each other. The panel forming body 1 
arranged as described above is disposed on side portions or 
a periphery of an operator's cab of for example, a work 
machine, and attached along a frame constituting the opera 
tor's cab. In this embodiment, for example, a hot rolled steel 
sheet can be used as the exterior material 2. 

0075. The interior material 3 constituting the panel form 
ing body1 shown in FIG. 1 has a structure member 4, a noise 
absorption layer 5, and a surface clad material 6. At this 
time, an inside surface 4" of the structure member 4 has at 
least one rib 4a in intimate contact with an inside Surface of 
the exterior material 2, and a hermetically sealed hollow 
portion 8 is formed by the rib 4a coming into intimate 
contact with the exterior material 2. Note that it is sufficient 
if an extreme end of the rib 4a standing from the base portion 
of the structure member 4 is in intimate contact with the 
exterior material 2. That is, for example, the rib 4a may be 
in intimate contact with the exterior material 2 in a simply 
abutting state without being firmly fixed thereto, or the rib 
4a may be in intimate contact with the exterior material 2 in 
a state that the rib 4a is bonded thereto by an adhesive and 
the like or in a state that it is joined to the exterior material 
2 through a material having a vibration damping effect 
including an elastic body Such as rubber and a resin material. 
Further, a shape of the inside surface 4 of the structure 
member 4 is not particularly limited, and may be in a flat 
state or in a curved state. 

0076. In this embodiment, although the material of the 
structure member 4 is not particularly limited, it is prefer 
ably formed of any one of, for example, polyurethane, 
polypropylene, ABS resin, and AES resin. These materials 
are excellent in molding easiness. For this reason, when the 
structure member 4 is formed of the above materials, the 
interior material 3 can be molded easily even if it has a 
complex shape. Further, since a molded structure member 
has high rigidity, it can keep a predetermined shape stably. 
Moreover, since the molding materials are also excellent in 
a heat insulation property, a heat insulation effect can be also 
expected. Thus, the molding materials can be very effec 
tively used as the interior material for isolating the opera 
tor's cab of the work machine from the outside. In particular, 
when the structure member 4 is formed of rigid foamed 
polyurethane, an excellent noise insulation effect can be 
obtained because a solid propagation of the structure mem 
ber can be effectively suppressed as described below in 
detail. 
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0077. Further, in the interior material 3, the noise absorp 
tion layer 5 is formed on the outside surface of the structure 
member 4, and further the surface clad material 6 is formed 
on the surface of the noise absorption layer 5 opposite to the 
structure member 4. Although the material of the noise 
absorption layer 5 is not particularly limited, it is preferably 
a layer of a continuous foam body and/or a fiber aggregate 
formed of at least any one of, for example, low repulsion 
urethane, semi-rigid urethane, PET resin, and polystyrene 
resin. The continuous foam body and the fiberaggregate can 
be easily molded in conformity with the structure member 4, 
and communication pores/ventilation spaces can be easily 
formed therein. For this reason, since complicated minute 
spaces are formed in the noise absorption layer 5, noise 
which has entered the noise absorption layer 5 can be very 
effectively absorbed even if it has a small wall thickness. 
Note that, in this embodiment, the wall thickness of the noise 
absorption layer 5 is not particularly limited and may be 
appropriately set according to an object. 
0078. Further, the surface clad material 6 can be appro 
priately selected and used from, for example, vinyl leather, 
a foamed polyolefin material (for example, trade name 
“PEF manufactured by Toray Industries, Inc.) having a 
leather-like sheet on a surface, high density fiber fabric 
having water repellency, air permeability, and excellent 
feeling of touch on a surface, and the like. Note that when 
the polyolefin material having the leather-like sheet is used, 
a decoration property can be enhanced by forming crimped 
patterns on a surface thereof or forming another patterns by 
emboss processing. Further, when the fiber fabric is used, the 
decorating property can be enhanced by color tone and 
inherent outside appearance. Furthermore, when the Surface 
clad material 6 is subjected to a dirt prevention treatment, 
the interior material can be prevented from becoming dirty 
and the surface of the interior material 3 can be kept clean. 
Note that the surface clad material 6 may be formed on, for 
example, an outside Surface of a peripheral wall portion of 
the structure member 4, in addition to that it is formed on the 
noise absorption layer 5. 
0079. In the panel forming body 1 configured as 
described above, when noise enters the inside of the opera 
tor's cab through the interior material 3 from the outside of 
the exterior material 2, first, a part of the noise is reflected 
on the outside surface of the exterior material 2 and remain 
ing noise passes through an entire Surface of the exterior 
material 2 and enters the structure member 4. At this time, 
in the interior material 3, the rib 4a of the structure member 
4 is in intimate contact with the exterior material 2. Conse 
quently, the vibration of the exterior material 2 generated 
when the noise enters it can be effectively suppressed, from 
which an excellent noise insulation effect can be obtained. 

0080. In contrast, a part of the noise that has entered the 
structure member 4 through the exterior material 2 is trans 
mitted by a solid propagation through the inside of the rib 4a 
that is in intimate contact with the exterior material 2, and 
most part of other noise 20 enters the hermetically sealed 
hollow portion 8 through the exterior material 2. At this 
time, Solid propagation noise 19 propagating in the rib is 
gradually damped during the Solid propagation in the rib, 
and absorbed by the sound absorption layer 5 disposed on 
the outside surface of the structure member. 

0081. In contrast, the noise 20, which has entered the 
hermetically sealed hollow portion 8 through the exterior 
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material 2, is gradually damped by being diffusely reflected 
(echoed) repeatedly on the inside surface 4 of the structure 
member 4, on the surface of the rib 4a, and further on the 
inside surface 2' of the exterior material 2 in the hollow 
portion 8, and thereafter absorbed by the noise absorption 
layer 5. 
0082 That is, according to the interior material 3 of this 
embodiment, the vibration of the exterior material 2 can be 
suppressed by the rib 4a in contact with the exterior material 
2, and the noise 19 which is transmitted by the solid 
propagation in the rib 4a of the structure member 4 can be 
damped and absorbed by the noise absorption layer 5. 
Further, the noise 20 which enters the hermetically sealed 
hollow portion 8 of the structure member 4 can be absorbed 
by the noise absorption layer 5 after it is diffusely reflected 
and damped. With this operation, a sound pressure level of 
the noise that enters from the outside of the exterior material 
2 can be greatly reduced by the interior material 3. As a 
consequence, a very excellent noise insulation effect can be 
obtained as compared with, for example, conventionally 
used noise insulation means (for example, patent document 
1) and noise proof means (for example, patent document 2). 
0083. In particular, when the structure member 4 is 
composed of a material which is excellent in a damping 
characteristic and can effectively damp solid vibration, for 
example, rigid foamed polyurethane as described above, it is 
possible to accelerate damping of the noise 19 transmitted 
by the Solid propagation in the rib 4a, and therefore, a noise 
insulation effect of the interior material 3 can be more 
enhanced. 

0084. In contrast, according to the present invention, 
there can be provided an interior material 3' having a noise 
absorption layer 7 on an inside surface 4 of a structure 
member 4 and on a part of the Surface of a rib 4a as shown 
in, for example, FIG. 2 as an interior material of another 
mode according to the embodiment. Further, there can be 
provided an interior material 3" having a noise absorption 
layer 7 on an inside surface 4 of a structure member 4 and 
on of an entire Surface of a rib 4a as shown in, for example, 
FIG. 5 as an interior material of still another mode. 

0085. A panel forming body 1" shown in, for example, in 
FIG. 2 has a same configuration as the panel forming body 
1 shown in FIG. 1 except that it has the interior material 3' 
having the noise absorption layer 7 on the inside surface 4 
of the structure member 4 confronting the inside surface of 
an exterior material. The interior material 3' configured as 
described above has the noise absorption layer 7 on the 
inside surface 4' of the structure member 4 in a hollow 
portion 8. For this reason, when noise enters the hermeti 
cally sealed hollow portion 8 of the structure member 4 from 
the outside of the exterior material 2, the noise 20 which has 
entered the hollow portion 8 can be damped by being 
diffusely reflected repeatedly in the hollow portion 8 and 
absorbed by the noise absorption layer 7 on the inside 
surface 4 of the structure member 4, whereby a very 
excellent noise insulation effect can be obtained. 

0086) Further, a panel forming body 1" shown in FIG. 5 
has the same configuration as the panel forming body 1 
shown in FIG. 1 except that it has the interior material 3" 
having noise absorption layers 7, 7 on the inside surface 4 
of the structure member 4 and on the entire surface of the rib 
4a. Since, in the interior material 3" configured as described 
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above, the region of the noise absorption layer formed in a 
hollow portion 8 is more increased than the interior material 
3', the interior material 3" can absorb the noise which has 
entered the hollow portion 8 by the noise absorption layers 
7, 7", so that a more excellent noise insulation effect can be 
obtained. 

0087. That is, provision of the noise absorption layer 7 on 
the inside surface 4' of the structure member 4 as described 
above can enhance the noise insulation effect by the interior 
material. Further, the noise insulation effect can be more 
enhanced by attaching the noise absorption layer 7 on the 
inside surface 4 of the structure member 4 and the entire 
surface of the rib 4a, whereby an interior material having a 
very excellent noise insulation effect can be obtained. 
0088 To examine the noise insulation characteristics of 
the interior materials according to the embodiment, a fol 
lowing noise insulation test was executed based on a method 
of measuring an air noise insulation performance of a 
construction member in a laboratory based on JIS A1416 
(ISO 140-3). 
0089. To briefly explain the method of the noise insula 
tion test performed that time, a noise insulation wall B 
composed of a concrete block was interposed between an 
anechoic chamber A and a reverberation chamber C to 
partition them from each other as shown in, for example, 
FIG. 3, and a test panel forming body 1 was attached to the 
noise insulation wall B. A noise source (not shown) was 
disposed on a reverberation chamber C side, a plurality of 
microphones G were disposed in the anechoic chamber A in 
confrontation with the test panel forming body 1, and a 
periphery of the panel fitted to the wall B was filled with a 
joint to prevent a leakage of noise. In this state, a transmis 
sion loss was measured by using 1/f noise (pink noise) as the 
noise source that is more weaken in a higher frequency in 
inverse proportion to a frequency. 
0090. In this noise insulation test, measurement was 
executed by using the panel forming body 1 shown in FIG. 
1 and the panel forming body 1" shown in FIG. 2 as the test 
panel forming body. Note that, in the panel forming body 1 
(FIG. 1) used this time, a hot rolled steel sheet of 4.5 mm in 
thickness was used as the exterior material 2. Further, the 
interior material 3 was arranged such that a base portion of 
the structure member 4 had a thickness of 10 mm, the rib 4a 
had a height of 20 mm (substantially, a height of the hollow 
portion 8), and the noise absorption layer 5 had a thickness 
of 10 mm, and further trade name “PEF (manufactured by 
Toray Industries, Inc.) was used as the Surface clad material 
6. 

0091. In addition, as the panel forming body 1"(FIG. 2), 
a panel forming body having a 5 mm thick noise absorption 
layer 7 formed on the inside surface 4 of the structure 
member 4 was used, in addition to a material and a dimen 
sion of the panel forming body 1. For comparison, the noise 
insulation test was also executed to a specimen, which was 
composed of a 4.5 mm thick hot rolled steel sheet having a 
20 mm thick sound absorption material formed of a PET 
fiber material and attached to one surface of the sheet, and 
to a specimen composed of a 4.5 mm thick simple hot rolled 
steel sheet (steel sheet having no Sound absorption material 
attached thereto). 
0092 FIG. 4 is a graph showing results of these noise 
insulation tests. Further, to verify results of noise insulation 
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effects obtained by the noise insulation tests, FIG. 4 also 
shows a value obtained by calculating a transmission loss of 
a 4.5 mm thick hot rolled steel sheet based on a mass law 
calculation formula. 

0093. As apparent from the results of the tests shown in 
FIG. 4, it has been found that the panel forming body 1 
having the hollow portion 8 formed by the interior material 
3 as shown in FIG. 1 is more excellent in a noise insulation 
property than the simple steel sheet and the steel sheet 
having the noise insulation material attached thereto and has 
a transmission loss higher than a calculated value (shown by 
a broken line) obtained by the mass law calculation formula 
in a region in which /3 oct. center frequency is about 400 to 
4000 Hz. Further, it has also been confirmed that the panel 
forming body 1" having the noise absorption layer 7 disposed 
on the inside surface 4' of the structure member 4 as shown 
in FIG. 2 has a noise insulation property more excellent than 
the panel forming body 1 of FIG. 1. 
0094. It has been confirmed from the results of the tests 
described above that when the panel forming body 1 is 
composed of the interior material 3 as shown in FIG. 1 
which has the hollow portion 8 hermetically sealed by being 
provided with at least one rib 4a in intimate contact with the 
exterior material 2 and is provided with the noise absorption 
layer 5, noise entering from the outside of the exterior 
material 2 can be more effectively insulated than ever. 
Further, it has also been confirmed that provision of the 
noise absorption layer 7 on the inside surface 4 of the 
structure member 4 as shown in FIG. 2 more enhanced the 
noise insulation effect of the interior material. It can be 
determined from the above results that more excellent noise 
insulation characteristics can be obtained by disposing the 
noise absorption layer 7 on the inside surface 4 of the 
structure member 4 and on the surface of the rib 4a as shown 
in, for example, FIG. 5. 
0.095 Next, more specific embodiments of the interior 
material and the panel forming body according to the present 
invention will be explained in detail with reference to FIG. 
6. FIG. 6 is a schematic sectional view schematically 
showing an example of a panel forming body for use in an 
operator's cab of a work machine. 
0096] A panel forming body 9 shown in FIG. 6 is 
configured by attaching an exterior material 2 composed of 
a hot rolled steel sheet to an interior material 10. At this time, 
the interior material 10 is formed in an outside dimension 
necessary to an interior of the operator's cab and has such a 
structure that an air conditioning duct 15 is assembled 
integrally therewith at a predetermined position. In the 
interior material 10, a structure member 11 for forming a 
basic bone structure thereof is molded of rigid foamed 
urethane, and a plurality of ribs 11a are formed on an inside 
surface of the structure member 11 integrally therewith 
vertically with respect to a base portion 11 of the structure 
member 11. Hermetically sealed hollow portions 16 are 
formed by bringing extreme ends of the ribs 11a into 
intimate contact with the exterior material 2. 

0097. Further, a plurality of holes 12, which pass through 
the base portion 11" from an outside surface thereof to an 
inside surface thereof, are formed in the structure member 11 
such that a noise absorption layer 13 can be effectively 
formed on the inside surface of the structure member 11 in, 
for example, a process for manufacturing the interior mate 
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rial 10. Note that a lid member 18 is disposed to the interior 
material 10 as a member for closing an open portion of a 
duct forming section that is used to form the air conditioning 
duct 15. 

0098. In the above-described structure member 11, the 
noise absorption layer 13 is formed on each of the outside 
surface of the structure member 11 (surface of the structure 
member 11 opposite to an exterior material 2 side) and the 
inside surface thereof (surface of the structure member 11 
confronting the exterior material 2) integrally therewith in a 
predetermined thickness. A foamed layer of a continuous 
foam member formed of any one of, for example, low 
repulsion urethane, semi-rigid urethane, PET resin, and 
polystyrene resin may be used as the noise absorption layer 
13. Further, a surface clad material 14 is disposed on an 
operator's cab side surface of the noise absorption layer 13. 
For example, trade name “PEF (manufactured by Toray 
Industries, Inc.) maybe used as the Surface clad material 14. 
0099] The interior material 10 configured as described 
above has a function for Suppressing the vibration of the 
exterior material 2 generated by the ribs 11a, a function for 
damping the noise that is transmitted by the Solid propaga 
tion in the ribs 11a and absorbing the noise by the noise 
absorption layers 13, and a function for diffusely reflecting 
and damping the noise that has entered the hollow portions 
16 as well as absorbing the noise by the noise absorption 
layers 13 as described above. Accordingly, even if noise 
enters from, for example, the outside of the exterior material 
2, the sound pressure level of the noise can be effectively 
reduced by the interior material 10. 
0.100 Accordingly, in the operators cab of the work 
machine externally covered with the panel forming body 9 
having, for example, the interior material 10 as described 
above, an outside wall of the operator's cab can be sur 
rounded by the panel forming body 9 except an open portion 
to which a window glass and the like are attached. With this 
arrangement, even in a place where noise is severely gen 
erated by an engine being driven, jobs such as excavation 
and lifting of soil, and the like, noise entering the operators 
cab from the outside can be greatly reduced by the excellent 
noise insulation effect of the interior material 10. As a result, 
an influence of noise applied to an operator in the operators 
cab can be greatly reduced, thereby a working environment 
can be significantly enhanced. 
0101 Further, since the interior material 10 according to 
the present embodiment can not only obtain the excellent 
noise insulation effect as described above but also can be 
molded to any arbitrary shape, a shape of the panel forming 
body 9 can be optionally designed according to a work 
machine to which the panel forming body is installed. 
Further, since the Surface clad material 14 is disposed on an 
operator's cab side surface of the interior material 10, an 
effect of obtaining an excellent dwelling comfort can be also 
obtained by improving a decoration property and a feeling. 
0102) A specific application example, to which the inte 
rior material according to the embodiment described above 
is actually applied, will be explained here with reference to 
FIG. 9. Note that FIG. 9(a) is a perspective outside appear 
ance view of the specific application example of the interior 
material according to the embodiment, and FIG. 9(b) is a 
back view when the interior material is observed from a back 
Surface side. 
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0103) An interior material 35 shown in FIG.9 is disposed 
on a right side of an operators cab in a construction 
machine, and includes a noise absorption layer (not shown) 
between a surface clad material 39 disposed on the opera 
tor's cab side and a structure member 36. A surface clad 
material having, for example, a good feeling of tough and an 
excellent design effect is used as the surface clad material 39 
of the interior material 35 disposed on the operator's cab 
side. 

0104. In addition, in the structure member 36, a plurality 
of ribs 31a are disposed so as to come into intimate contact 
with an exterior material (not shown) attached to the interior 
material 35. Disposing the ribs 31a as described above 
permits hermetically sealed hollow portions to be easily 
formed when the exterior material is attached and provides 
the interior material 35 with strength by which an overall 
shape thereof can be stably maintained. 
0105. Further, an air conditioning duct37 is formed in the 
structure member 36 as shown in FIG. 9(b) (note that FIG. 
9(b) shows a state that no lid member is attached). The air 
conditioning duct 37 has a duct attachment port 29 to be 
connected to an air conditioner (not shown) and air Supply 
openings 30, 30', 30" formed at arbitrary positions. A louver 
(not shown) is disposed to each of the air Supply openings 
30, 30', 30" which are integrally formed therewith or inde 
pendently manufactured. Further, closed spaces 38 may be 
formed to the structure member 36, if necessary. 
01.06 Furthermore, the interior material 35 may be inte 
grally formed with accessories attachment portions, for 
example, a motor assembly portion 31 and the like, an ash 
tray assembly portion 32, a cup holder attachment portion 
33, and the like at arbitrary positions. 
0107 Then, when the interior material 35 configured as 
described above is attached to the operator's cab of the work 
machine, the noise that enters the operator's cab from the 
outside can be greatly reduced by the excellent noise insu 
lation effect of the interior material 35, whereby the work 
environment in the operator's cab can be significantly 
enhanced. 

0108) Next, a method of manufacturing the interior mate 
rial 10 and the panel forming body 9 according to the 
embodiment will be explained in detail with reference to 
FIG. 7. FIG. 7 is an explanatory view schematically explain 
ing the method of manufacturing the interior material 10 and 
the panel forming body 9. 

0109) First, as shown in FIG. 7(a), a mold 50 is prepared 
to mold the structure member 11 of the interior material 10. 
The mold 50 is composed of an upper mold 51 and a lower 
mold 52 and designed with high accuracy Such that the 
structure member 11 having a predetermined shape and at 
least one rib 11a can be molded. The structure member 11 
having the rib 11a is molded with the mold 50 by injecting 
a material for constituting the structure member 11 (resin 
material) into a space (cavity) formed by the upper mold 51 
and the lower mold 52 by an injection molding method. 
0110. To explain a case that the structure member 11 is 
formed of for example, rigid foamed polyurethane, more 
specifically, isocyanate and a reactive resin material of 
polyol containing a foaming agent which are separately 
accommodated in material tanks are first Supplied into a 
mixing head (not shown) disposed just in front of the mold 
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50 in predetermined amounts respectively and mixed 
therein. When the reactive resin material is poured into the 
mold 50 at low pressure, a mechanism for rotating a stirring 
blade by an electric motor is disposed in, for example, the 
mixing head and the reactive resin material is mixed while 
being stirred. 

0111. In contrast, when the reactive resin material is 
poured at high pressure, no stirring mechanism is necessary, 
and the reactive resin material is mixed by collision. There 
after, the mixed reactive resin material is injected into the 
cavity of the mold 50 from the mixing head at low tem 
perature. At the time, it is possible to Supply the polyol 
previously containing water as the foaming agent into the 
mixing chamber, or a catalyst, a curing agent, a foam 
stabilizer, and the like may be further added to the reactive 
resin material, if necessary. 

0.112. Then, the reactive resin material supplied into the 
mold 50 can be foamed at low temperature with its reaction 
heat by being reacted in the cavity rapidly. Consequently, the 
structure member 11 composed of the rigid foamed poly 
urethane and having at least one rib 11 a can be manufac 
tured. 

0113 At this time, when the mold 50 is designed such 
that a lid member 18 used to form the air conditioning duct 
15 described above can be also molded at a same time, the 
structure member 11 and the lid member 18 can be effec 
tively molded by an injection molding process executed 
OCC. 

0114. Thereafter, the structure member 11 and the lid 
member 18 each having a desired shape can be obtained by 
taking out a molded body from the mold 50 and cutting off 
unnecessary portions. Note that at least one hole portion 12 
passing through a base portion of the structure member 11 
from an outside Surface to an inside Surface is previously 
provided to the structure member 11 before a noise absorp 
tion layer described below is molded. Incidentally, the hole 
portion 12 maybe formed when the structure member 11 is 
molded. For example, a projecting portion whose end is in 
intimate contact with the lower mold 52 (or with the upper 
mold 51) is formed to the upper mold 51 (or to the lower 
mold 52) at a portion where the rib 11a of the structure 
member 11 is not disposed. 

0115) Next, the surface clad material 14 is manufactured 
to a predetermined thickness by a thermoforming method 
Such as vacuum forming and the like. The method of 
manufacturing the Surface clad material 14 is not particu 
larly limited and may be manufactured by using a same 
method as that of a conventional method. 

0.116) Subsequently, as shown in FIG. 7(a), a mold 54 
composed of an upper mold 55 and a lower mold 56 which 
are designed in predetermined shapes to mold the noise 
absorption layer 13, is prepared, the structure member 11 
with the rib 11a molded previously is attached to the upper 
mold 55, and the surface clad material 14 is attached to the 
lower mold 56 on a side thereof confronting the outside 
surface of the structure member 11. At this time, the struc 
ture member 11 can be easily attached to the upper mold 55 
by, for example, attaching a magnet to the upper mold 55 
and attaching a metal clip and the like to the structure 
member 11. In contrast, the noise absorption layer 13 can be 
attached to the lower mold 56 in a very intimate contact state 
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by, for example, forming a single or a plurality of openings 
as required to the lower mold 56 so that they pass through 
the lower mold 56 from the outside thereof to the surface 
thereof in contact with the surface clad material 14, con 
necting the openings to a suction mechanism, and Sucking 
the air in the openings. 
0117. After the structure member 11 and the surface clad 
material 14 are attached to the upper mold 55 and the lower 
mold 56, respectively, a material constituting the noise 
absorption layer 13 (resin material) is injected into a cavity 
formed between the structure member 11 and the surface 
clad material 14 to form the noise absorption layer 13 
between the structure member 11 and the surface clad 
material 14 as shown in FIG. 7(c). At this time, the noise 
absorption layer 13 can be also molded simultaneously on 
the inside surface of the structure member 11 by supplying 
the resin material from the outside surface side to the inside 
surface side of the structure member 11 through the hole 
portion 12 formed in the structure member 11. Note that, 
when, for example, the noise absorption layer 13 is formed 
on the inside surface of the structure member 11 and the 
entire Surface of the rib, it is necessary only to change a 
shape of the cavity formed in the upper mold 55. 
0118. A molded product, in which the structure member 
11, the noise absorption layer 13, and the surface clad 
material 14 are integrated, can be obtained by injection 
molding the noise absorption layer 13 as described above. 
Thereafter, the interior material 10 according to the embodi 
ment can be obtained by, for example, bending a portion of 
the Surface clad material 14 protruding from the noise 
absorption layer 13 to a noise absorption layer 13 side and 
bonding the portion. Even if, for example, the structure 
member 11 and the noise absorption layer 13 have compli 
cated shapes, the interior material 10 can be obtained stably 
at low cost by manufacturing the interior material 10 as 
described above. 

0119). In the interior material 10 obtained as described 
above, the lid member 18, which has been molded simul 
taneously at a time of molding the structure member 11 
previously, is joined to a released portion of a duct forming 
section by using an adhesive and the like to form the air 
conditioning duct 15. Thereafter, the interior material 10 can 
be integrated with the exterior material 2 by fixedly attach 
ing an extreme end of a peripheral wall portion of the 
interior material 10 to the exterior material 2 by an adhesive 
and the like. 

0120 At this time, when, for example, an attachment seat 
previously formed on an exterior material 2 side is coupled 
with the extreme end of the peripheral wall portion of the 
interior material 10 by using a fastener, the interior material 
10 can be more strongly joined to the exterior material 2. In 
addition to the above mentioned, the interior material 10 can 
be also integrated with the exterior material 2 by providing 
the exterior material 2 with, for example, an attachment seat 
piece of a clip and fitting the attachment seat piece to a metal 
clip previously attached to the structure member 11. 
0121. At this time, it is sufficient for the rib 11a standing 
from the inside surface of the structure member 11 to come 
into intimate contact with the exterior material 2, and the rib 
11a may be fixedly attached to the exterior material 2 by an 
adhesive or may be simply abutted against the exterior 
material 2 according to an object. The panel forming body 
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9 excellent in a noise insulation property can be easily 
manufactured at low cost by integrating the interior material 
10 with the exterior material 2 as described above. 

0.122 Note that a case in which the noise absorption layer 
13 is formed on the inside surface of the structure member 
11 by forming the hole portion 12 in the structure member 
11 has been explained above. However, as another method, 
the noise absorption layer 13 can be also formed by, for 
example, coating the Surface of the inside Surface of the 
structure member 11 and the part of the surface or the entire 
surface of the rib with the noise absorption layer 13 by using 
a spray after the structure member 11 is molded. Further, 
when the noise absorption layer 13 is formed of for 
example, a continuous foam body, the noise absorption layer 
13 can be formed by making use of foam in situ. In contrast, 
when the noise absorption layer is formed on neither the 
inside surface of the structure member 4 nor the surface of 
the rib as in, for example, the panel forming body 1 shown 
in FIG. 1, the process for forming the hole portion can be 
omitted. 

INDUSTRIAL APPLICABILITY 

0123 The interior material of the present invention can 
be applied to an interior material of an operators cab of 
work machines, work vehicles, and the like Such as civil 
engineering/construction, agricultural, and other industrial 
machines, vehicles. 

1. An interior material of an operator's cab for a work 
machine, comprising at least a structure member and a noise 
absorption layer, wherein 

the structure member has at least one rib which is formed 
in the inside surface of a base portion thereof and 
comes into intimate contact with an inside Surface of an 
exterior material, 

a hermetically sealed hollow portion is formed by the rib 
in intimate contact with the exterior material, and 

the noise absorption layer is disposed on an outside 
surface of the structure member. 

2. The interior material according to claim 1, wherein the 
inside surface of the structure member and a part of the 
surface or an entire surface of the rib are provided with the 
noise absorption layer. 

3. The interior material according to claim 2, wherein the 
inside surface of the structure member confronting the 
exterior material is provided with the noise absorption layer. 

4. The interior material according to claim 1, wherein the 
structure member is formed of any one of polyurethane, 
polypropylene, ABS resin, and AES resin. 

5. The interior material according to any of claims 1 to 3, 
wherein the noise absorption layer is a continuous foam 
body and/or a woolie fiber aggregate formed of at least one 
of low repulsion urethane, semi-rigid urethane PET resin, 
and polystyrene resin. 

6. The interior material according to claim 1, wherein a 
Surface clad material is attached to a surface of the noise 
absorption layer opposite to a structure member side. 

7. The interior material according to claim 6, wherein the 
Surface clad material is subjected to a dirt prevention treat 
ment. 

8. A panel forming body, comprising the interior material 
and the exterior material according to any of claims 1 to 3. 
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9. A method for manufacturing an interior material of an 
operator's cab for a work machine, the interior material 
comprising at least a structure member and a noise absorp 
tion layer disposed on an outside Surface of the structure 
member, wherein the structure member has a rib which 
stands from an inside Surface of a base portion thereof and 
comes into intimate contact with an inside Surface of an 
exterior material, and a hermetically sealed hollow portion 
is formed by the rib in intimate contact with the exterior 
material, the method comprising: 

forming the structure member having at least one rib in a 
desired shape by an injection-molding method; 

forming at least one hole portion in the structure member, 
the hole portion passing through the base portion from 
an outside surface thereof to the inside surface thereof 
when or after the structure member is molded; 

attaching the structure member in which the hole portion 
has been formed to a mold; and 

Apr. 19, 2007 

molding a noise absorption layer on the outside surface of 
the structure member using the mold by injecting a 
material constituting the noise absorption layer onto the 
outside surface of the structure member, and at the 
same time, forming the noise absorption layer on the 
inside Surface of the structure member and on a part of 
a surface or an entire surface of the rib through the hole 
portion. 

10. The method for manufacturing an interior material 
according to claim 9, wherein when the noise absorption 
layer is (reaction) injection-molded (RIM): 

previously attaching a Surface clad material to a side of 
the mold confronting the outside surface of the struc 
ture member, and 

(reaction) injecting the material constituting the noise 
absorption layer into an interval between the structure 
member and the surface clad material attached to the 
mold. 


