
;e3eV*V'Tt6<T 1 2 AUG 2002 SOUND AND VIBRATION DAMPING MATERIAL, DAMPING
METHOD AND DISC DRIVE INCORPORATING SAID DAMPING MATERIAL BACKGROUND OF THE
INVENTION 5 1_Fie1d of this invention The present invention relates to a
damping material excellent in damping properties which can be used as a
sound insulation material or damping material for driver in data recording
electronic apparatus. 10 The present invention also relates to a damping
method which can minimize vibration developed by the rotational driving of
a disc to exert a high sound-insulating or damping effect and thus is
suitable for the formation of drive for data recording disc and a disc
drive comprising a damping material. 15 The present application is based on
Japanese Patent Applications No. Hei. 10-253258, 10-267466 and 10-267467
which are incorporated herein by reference. 20 Damping materials which
absorb or reflect vibration to perform sound insulation or damping have
been used for various purposes such as sound insulation, sound absorption,
damping, composite thereof, etc. HDD (hard disc drive), DvDD (digital video
disc drive), 25 CDD (compact disc drive), MOD (MO drive), FDD (floppy disc
drive ) , etc . in personal computers comprise a damping material provided
in various places, e.g., between the drive main body and the substrate to
prevent the generation of.-noise such as    1 2 AU6 2002 skirr during the
rotational driving of a disc as a magnetic or optical data recording medium
or the propagation of the motor vibration. 



As the foregoing damping material there has heretofore 5 been known a
foamed product made of a polyurethane foam or the like. However, if this
foamed product is used as a sound insulation material, it is
disadvantageous in that there occurs much sound leakage, exerting a reduced
sound insulating effect. Therefore, a foamed product having a specified
static spring 10 constant, a damping material obtained by forming a finely
roughened polymer film on the inner wall of cells in a foamed product, a
foamed product having a film applied to the external surface thereof, and a
film laminated with a melt blow layer of resin have been proposed (Japanese
Patent Publications Sho. 15 56-157347, Sho. 59-102294, Hei. 4-40381, Hei.
4-345834 and Hei. 7-261768). However, a11 the conventional damping
materials are disadvantageous in that they exert a poor damping effect and,
if used as a sound insulation material, exert an insufficient 20 sound
insulating effect or sound deafening effect, making it impossible to
prevent the generation of noise. The damping material having a finely
roughened polymer film formed thereon, etc. is disadvantageous in that it
requires a complicated production process and is produced at a poor
production 25 efficiency. Further, a11 the conventional disc drives are
disadvantageous in that the damping material incorporated therein exerts a
poor damping effect and thus exerts a poor 2   1 2 AUG 2002 effect of
deafening sound by sound insulation, sound absorption or damping or a poor
effect of inhibiting the propagation of vibration, causing much noise
leakage or read/write error. 5 SUMMARY OF THE INVENTION It is an object of
the present invention to develop a damping material excellent in damping
properties which can 



exert a high effect of insulating from sound or damping, can be easily used
in a narrow space, can be produced at a good 10 efficiency and can be used
for various purposes such as sound insulation and damping. It is another
object of the present invention to provide a damping method which can exert
an excellent damping effect to perform high sound insulation or damping and
can be easily 15 used in a narrow space or the like and hence provide a
disc drive which generates no noise leakage or read/write error. It is
still another object of the present invention to provide a damping material
made of a porous member having an absolute characteristic impedance value
of not less than 800 20 kg/m2~S in the frequency range of from 1.0 to 3.0
kNz. The damping material according to the present invention can be
produced at a high efficiency. The porous member which exhibits the above
defined impedance characteristics can exert an excellent effect of
minimizing vibrations such as sound 25 incident thereupon. Accordingly, a
damping material can be obtained which exerts an excellent sound deafening
effect or damping effect to perform high noise prevention or damping and
thus can be used for various purposes such as sound insulation, 3   1 2 AUG
200Z sound absorption, damping and composite thereof. A compressible porous
member, if used as a damping material, can be easily loaded in a narrow
space or the like, making it possible to prevent the increase of the entire
size of the apparatus due 5 to the increase of the thickness of the damping
material. In the foregoing description, if the damping material exhibits a
damping factor a satisfying the relationship a 0.01 f neper/m, supposing
that the frequency is f, it can exert a drastically enhanced effect of
deafening sound or damping to 10 perform further noise prevention or
damping. Further, a porous member which exhibits a repulsion stress of from
10 to 200 gf/cm2 at 50% compression, if used as a damping material, can be
more easily loaded in a narrow space or the like without deforming the
adjacent members and can be easily produced. 15 The present invention also
provides a damping method 



which comprises providing a damping material in the interior or on the
periphery of a vibration-generating apparatus, characterized in that as
said damping material there is used a compressible porous member having an
air permeability of from 20 1 x 1/101 to 2 x 1/10 cc/cmz/sec based on an
atmospheric pressure difference of 2.039 x 1/10" mmHzO or a porous member
having an absolute impedance value of not less than 800 kg/m2 S in a
frequency range of from 1 to 3 kHz. The present invention further provides
a disc drive 25 comprising a motor for rotating a disc as a data recording
medium and a damping material provided in the interior and/or on the
periphery of a housing having at least a space in which said disc can be
mounted, characterized in that said damping material 4   1 2 AUG 2002 is
made of a compressible porous member having an air permeability of from 1 x
1/101 to 2 x l/102 cc/cm2/sec based on an atmospheric pressure difference
of 2.039 x 1/10 mmH20 or a porous member having an absolute impedance value
of not less 5 than 800 kg/m2 S in a frequency range of from 1 to 3 kHz. In
accordance with the present invention, the porous member constituting the
damping material exhibits excellent damping properties based on the
foregoing air permeability and impedance characteristics to exert a high
sound deafening or 10 damping effect developed by sound insulation, sound
absorption and damping, making it possible to perform excellent noise
prevention or damping for vibration-generating apparatus such as disc
drive. Further, the damping material made of a porous member can be
produced at a high efficiency and can be easily 15 mounted in a narrow
space or the like, making it possible to prevent the increase of the entire
size of the apparatus due to the increase of the thickness of the damping
material. In the foregoing description, if the damping material is made of
a porous member having a sound absorbing coefficient 20 of not less than
20% at a frequency of 3.15 kHz or a damping factor of not less than 0.01 f
neper/m where f is frequency at a frequency of 3. 15 kHz, the resulting
sound deafening effect or damping effect is drastically enhanced, making it
possible to perform better noise prevention or damping. Further, the 25
damping material, if made of a porous member having a repulsion stress of
from 10 to 200 gf/cm2 at 50% compression, can be more easily mounted in a
narrow space without deforming the adjacent members . Such a damping
material can also be easily produced . 5   1 2 AUG 2002 Still further, the
present invention provides a damping method which comprises providing a
damping material in the interior or on the periphery of a
vibration-generating apparatus, characterized in that as said damping
material there 5 is used one obtained by forming a film layer on a
compressible porous member having an air permeability of from 1 x 1/101 to
2 x 1/102 cc/cm2/sec based on an atmospheric pressure difference of 2.039 x
1/10" mmH20 or one obtained by forming a film layer on a porous member
having an absolute impedance value of not 10 less than 800 kg/m2 ~ S in a
frequency range of from 1 to 3 kHz . The present invention also provides a
disc drive comprising a motor for rotating a disc as a data recording
medium and a damping material provided in the interior and/or on the
periphery of a housing having at least a space in which said 15 disc can be
mounted, characterized in that said damping material is made of a material
obtained by forming a film layer on a 



compressible porous member having an air permeability of from 1 x 1/101 to
2 x 1/l02 cc/cm~/sec based on an atmospheric pressure difference of 2.039 x
1/10 mmH,O or a material obtained by 20 forming a film layer on a porous
member having an absolute impedance value of not less than 800 kg/m2 ~ S in
a frequency range of from 1 to 3 kHz. In accordance with the present
invention, the damping material is formed by a porous member showing the
foregoing air 25 permeability and impedance characteristics to exert an
excellent damping effect. Further, the damping material comprises a film
layer formed thereon to exert an excellent effect of insulating from sound
or preventing the propagation 6   1 2 A U G 2002 of vibration. Thus, a high
sound deafening or damping effect developed by sound insulation, sound
absorption and damping can be exerted, making it possible to perform
excellent noise prevention or damping for vibration-generating apparatus
such 5 as disc drive. Further, the damping material made of porous member
and film layer can be produced at a high efficiency. The damping material
reinforced by the film layer can be more fairly handled and thus can be
fairly mounted in the apparatus, making it 10 possible to inhibit the
scattering of properties such as sound insulation and damping. Thus, the
stability and reliability in prevention of noise, vibration, etc. can be
enhanced. Further, the damping material can be easily mounted in a narrow
space, making it possible to inhibit the increase of the entire 15 size of
the apparatus due to the increase of the thickness of the damping material.
In the foregoing description, if the damping material is made of a porous
member having a sound absorbing coefficient of not less than 20a at a
frequency of 3.15 kHz and a damping 20 factor a satisfying the
relationship: a > 0.01 f neper/m, supposing that the frequency is f, it can
exert a drastically enhanced effect of deafening from sound or damping to
perform further noise prevention or damping. Further, a porous member which
exhibits a repulsion stress of from 10 to 200 gf/cmz at 



25 50o compression, if used as a damping material, can be more easily
loaded in a narrow space or the like without deforming the adjacent members
and can be easily produced. Features and advantages of the invention will
become 7   ~ 2 auG toot understood from the following detailed description
of the preferred embodiments described in conjunction with the attached
drawings. 5 BRIEF DESCRIPTION OF THE DRAWINGS In the accompanying drawings:
Fig. 1 is a sectional view of an applied example; Fig. 2 is a diagrammatic
view illustrating a sound measuring test; 10 Fig. 3 is a partially
sectional view illustrating an example of vibration-generating apparatus;
Figs. 4A and 4B are enlarged plan view of an element constituting the
vibration-generating apparatus of Fig. 3; and Figs. 5A and 5B are sectional
views illustrating an 15 example of damping material. The damping material
according to the present invention is made of a porous member having an
absolute characteristic 20 impedance value of not less than 800 kg/m~~S in
the frequency range of from 1 . 0 to 3 . 0 kHz . A porous member having an
absolute characteristic impedance value of not less than 1, 000 kg/m2 ~ S,
particularly not less than 1, 200 kg/m2 ~ S, more particularly from 2,000
to 13,000 800 kg/m2~S, is preferably used from the 25 standpoint of sound
deafening effect or damping effect. As such a porous member there may be
used any material which exhibits theforegoing properties. Accordingly, as
such a porous member there may be used a fiber aggregate obtained 



8   1 2 AUG 2002 by aggregating a natural or synthetic organic or inorganic
proper fiber into nonwoven fabric or a foamed product of olefin polymer,
urethane polymer, acrylic polymer, vinyl chloride polymer, SBR polymer, NR
polymer, NBR polymer or blend thereof . 5 The damping material of the
present invention may be formed as a laminate or mixture of two or more
porous members . The foamed product preferably has an open-cell structure
in which not less than 30% of cells are continuous from the standpoint of
sound insulation effect, damping effect or prevention of deformation. 10 A
porous member which can be preferably used from the standpoint of the
foregoing conditions, etc. is a copolymer comprising the following three
main components 1 ) ethylene, 2 ) a -olefin such as propylene or butene-1,
and 3) cyclic or noncyclic polyenes having nonconjugated double bond such
as 15 dicyclopentadiene or ethylidenenorbornane, particularly one having an
ethylene content of from 45 to 70 mol%, an cr-olefin content of from 5 to
20 mol% and a polyene content of from 10 to 50 mol%. Preferably, the porous
member comprises an EPDM foamed product having a Mooney viscosity ML1+z
(100C) of from 20 30 to 110. A rubber foamed product comprising the
foregoing EPDM incorporated therein is preferably used. In this case, as
rubber components other than EPDM there may be used proper rubber compounds
such as natural rubber, butyl rubber, 25 chloroprene rubber, acrylic
rubber, styrene-butadiene rubber and nitrile-butadiene rubber. The amount
of EPDM to be used is preferably not less than 20% by weight based on the
total amount of rubbers from the standpoint of weathering resistance 9   ~
2 aus z~~2 and durability. The production of the foamed product such as
EPDM 5 10 satisfying the conditions of the present invention can be
accomplished, e.g., by a process which comprises forming a mixture of a
rubber component and a proper additive such as foaming agent and
vulcanizing agent into a sheet or the like, subjecting the sheet to foaming
and vulcanization, and then subjecting the sheet to adjustment of physical
properties such as rupture of some or whole of cells by a proper means such
as compression. As the foregoing foaming agent there may be used a proper
15 20 compound such as azo compound (e. g., azodicarbonamide,
dinitrosopentamethylene tetramine, sodium hydrogencarbonate,
4,4'-oxybis(benzenesulfonylsemicarbazide)), N-nitroso compound, inorganic
compound, semicarbazide compound, hydrazine compound and triazole compound.
The amount of the foaming agent to be used is preferably from 5 to 50 parts
by weight based on 100 parts by weight of the rubber component from the
standpoint of foaming factor by which the desired physical properties are
obtained. As the vulcanizing agent there may be used a proper 25 compound
such as sulfur, p-quinonedioxim, p,p' dibenzoylquinonedioxim,
4,4'-dithiodimorpholine, pdinitrosobenzine, ammonium benzoate and
N,N'-mphenylenedimaleimide. The amount of the vulcanizing agent to 



be used is preferably from 1 to 30 parts by weight based on 100 parts by
weight of the rubber component from the standpoint of desired physical
properties by which malforming such as 10   12 AUG 2002 undervulcanization
and gas loss can be prevented. For the preparation of the foregoing
mixture, a proper foaming aid such as urea-based foaming aid,
salicylic-based foaming aid and benzoic-based foaming aid and a proper 5
vulcanizing aid such as aldehyde ammonia-based compound,
aldehydeamine-based compound, thiourea-based compound, guanidine-based
compound, thiazole-based compound, sulfenamide-based compound,
thiuram-based compound, dithiocarbamate-based compound and
xanthogenate-based 10 compound can be used as necessary. Further, additives
such as filler (e. g., calcium carbonate, talc, clay, mica powder, metal
hydroxide such as aluminum hydroxide and magnesium hydroxide, metal oxide
such as aluminum oxide and zinc oxide) and softener (e.g., paraffinic 15
compound, naphthenic compound, aromatic compound, asphaltbased compound)
may be blended during the preparation of the mixture as necessary. In the
foregoing description, the amount of the filler to be used is preferably
from 30 to 300 parts by weight based 20 on 100 parts by weight based on 100
parts by weight of the rubber component from the standpoint of control over
physical properties such as strength. The amount of the softener to be used
is preferably from 10 to 300 parts by weight of the rubber component from
the standpoint of adjustment of viscosity of the 25 mixture related to the
foamability of the foaming material or prevention of blooming. As the
foamed product employable in the present invention such as EPDM there is
preferably used one obtained by a process 11   ~ ~ our 2002 which comprises
developing the mixture over a release liner to a thickness of from 0.5 to
50 mm, and then subjecting the sheet to heat treatment at a temperature of
from 100 to 200C for 10 to 60 minutes so that it is foamed and vulcanized
until the 5 foaming factor reached from 3 to 30, particularly from 5 to 15,
more particularly from 8 to 13. If the foaming factor falls below 3, the
resulting foamed product exhibits too great a repulsion force against
compression to be disposed in a narrow space or the like. On the contrary,
if the foaming factor 10 exceeds 30, the characteristic impedance of the
foamed product can be hardly controlled, occasionally making it impossible
to obtain satisfactory properties such as sound insulation and damping. As
the porous member which can be preferably used in the 15 present invention
there may be used one obtained by impregnating an open-cell foamed product
having a specific gravity of from 0.01 to 0.9, particularly from 0.016 to
0.1, made of a proper thermoplastic resin such as polyurethane,
polyethylene and polyvinyl chloride or a proper rubber polymer such as
butyl 20 rubber and isoprene rubber with a proper resin such as acrylic
resin, polybutyral resin and polyester resin so that the above defined
impedance characteristics can be obtained. In this case, the amount of the
resin to be used can be properly determined depending on the characteristic
impedance or the 25 like but is normally from about 0.0l to 1 .0 g/cm',
particularly from about 0.02 to 0.1 g/cm'. 



The porous member which can be preferably used in the present invention
from the standpoint of the effect of deafening 12   ~ 2 au~ 2002 sound or
damping satisfies the relationship: cr >-_ 0.01 f neper/m, particularly
0.02 f neper/m c a c 2 f neper/m, supposing that the damping factor is Gr
and the frequency is f, in a frequency range of from 1.0 to 3.0 kHz. 5 The
porous member which can be preferably used in the present invention from
the standpoint of loadability in a narrow space or the like exhibits
compressibility as exemplified above. Referring to the compressibility, the
porous member of the present invention preferably exhibits a repulsion
stress of 10 from 10 to 200 gf/cm~, particularly from 20 to 150 gf/cm2,
more particularly from 30 to 120 gf/cmz at 50% compression. The form of the
damping material can be properly determined depending on the purpose such
as where to apply. The thickness of the damping material is arbitrary. In
general, 15 it is not more than 100 mm, particularly from 0.5 to 70 mm,
more particularly from 1 to 40 mm based on the apparent thickness. The
damping material of the present invention doesn't need to be uniform in
thickness and may be different from one point to another in thickness. 20
The damping material which differs in thickness from one point to another
can be efficiently produced by grinding a porous member into flakes to
prepare chips, applying an adhesive to the surface of the chips, packing
the chips into a predetermined mold, and then compression-molding the
chips. 25 The damping material according to the present invention can be
formed into a predetermined form, and then provided interposed between
various members, e.g., HDD main body 1 and substrate 3, or packed in a gap,
or wound in the form of tape 13   1 2 AUG 2002 or sheet, or applied to a
material or otherwise mounted so that it can be used as a sound insulating
material, sound absorbing material, damping material or composite thereof
to perform various actions for the minimization of the propagation of 5
vibration in accordance with the conventional method. In particular, the
damping material according to the present invention can be preferably used
mounted on data recording apparatus for recording or reproducing optical or
magnetic data on a data recording medium such as disc and 10 magnetic tape
via a driving mechanism, e. g. , HDD, CDD, DVDD and tape recorder. In Fig.
1, the reference numeral 2 indicates a damping material. The damping method
according to the present invention comprises providing a damping material
in the interior or on 15 the periphery of a vibration-generating apparatus,
characterized in that as said damping material there is used a compressible
porous member having an air permeability of from 1 x 1/101 to 2 x 1/10Z
cc/cmz/sec based on an atmospheric pressure difference of 2.039 x 1/l04
mmHzO or a porous member having an 



20 absolute impedance value of not less than 800 kg/mZ~S in a frequency
range of from 1 to 3 kHz. Figs . 3 , 4A and 4B each illustrate a
vibration-generating apparatus 100 embodying the damping method according
to the present invention. The reference numerals 21, 22, 23 and 24 25 each
indicate a damping material. Fig. 3 illustrates HDD. Figs. 4A and 4B are
enlarged views of a suspension 51 constituting HDD. The damping material
used herein is made of a porous 14   ~ 2 au~ tour member showing the
foregoing characteristics. In this arrangement, an excellent sound
absorbing, sound deafening or damping effect can be exerted to prevent the
generation of noise or the propagation of vibration more fairly. In other
words, 5 the foregoing porous member absorbs vibration energy such as sound
incident thereupon and converts it to heat energy or the like to exert a
sound deafening or damping effect. If this porous member exhibits the above
defined air permeability and impedance characteristics, vibrationsuch as
sound which cannot 10 be absorbed can be reflected by the interior of the
porous member to drastically inhibit the leakage of vibration to the
exterior. Thus, an excellent damping effect can be exerted to fairly
prevent the generation of noise or the propagation of vibration. In the
foregoing description, if the air permeability of 15 the porous member
falls below 1 x 1/101 cc/cmz/sec, the resulting sound absorption is too low
to exert a sound deafening or damping effect. On the contrary, if the air
permeability of the porous member exceeds 2 x 1/10Z cc/cmz/sec, the
resulting effect of insulating from sound or preventing vibration
propagation by 20 reflection is so low that the porous member can easily
transmit vibration. Thus, noise leakage or vibration propagation occurs too
much to exert desired sound deafening or damping effect. This trouble
occurs also when the impedance falls below 800 kg/mz ~ S . Accordingly,
when the upper limit of the air 25 permeability and impedance
characteristics corresponds to the absorption and transmission or
propagation of vibration such as sound, a critical difference in effect is
shown. Therefore, as the porous member employable herein there 15   1 2 A
li G 2QQ2 may be used a proper material showing the foregoing
characteristics such as fiber aggregate obtained by aggregating a natural
or synthetic organic or inorganic proper fiber into nonwoven fabric or a
foamed product of olefin polymer, 5 urethane polymer, acrylic polymer,
vinyl chloride polymer, SBR 



polymer, NR polymer, NBR polymer or blend thereof. The porous member which
can be preferably used from the standpoint of properties such as sound
deafening and damping properties is one having an air permeability of from
1 x 1/108 10 to 1.5 x 1/10Z cc/cmz/sec, particularly from 1 x 1/106 to 1 x
1/10Z cc/cmz/sec and/or an absolute characteristic impedance value of not
less than 1,000 kg/m2~ S, particularly not less than 1,200 kg/mz ~ S, more
particularly from 2,000 to 13,000 kg/m2 ~ S . The damping material may be
formed as a laminate or 15 mixture of two or more porous members. The
foamed product preferably has an open-cell structure in which not less than
30% of cells are continuous from the standpoint of sound insulation effect,
damping effect or prevention of deformation. A porous member which can be
preferably used from the 20 standpoint of the foregoing conditions, etc. is
a copolymer comprising the following three main components 1 ) ethylene, 2
) a -olefin such as propylene or butene-1, and 3) cyclic or noncyclic
polyenes having nonconjugated double bond such as dicyclopentadiene or
ethylidenenorbornane, particularly one 25 having an ethylene content of
from 45 to 70 mold, an Cx-olefin content of from 5 to 20 mol% and a polyene
content of from 10 to 50 molo. Preferably, the porous member comprises an
EPDM foamed product having a Mooney viscos ity ML1+Z ( 100 C ) of from 16
1 2 AUG 20D2 30 to 110. A rubber foamed product comprising the foregoing
EPDM incorporated therein is preferably used. In this case, as rubber
components other than EPDM there may be used proper 5 rubber compounds such
as natural rubber, butyl rubber, chloroprene rubber, acrylic rubber,
styrene-butadiene rubber and nitrile-butadiene rubber. The amount of EPDM
to be used is preferably not less than 20% by weight based on the total
amount of rubbers from the standpoint of weathering resistance 10 and
durability. The production of the foamed product such as EPDM satisfying
the conditions of the present invention can be accomplished, e.g., by a
process which comprises forming a mixture of a rubber component and a
proper additive such as 



15 foaming agent and vulcanizing agent into a sheet or the like, subjecting
the sheet to foaming and vulcanization, and then subjecting the sheet to
adjustment of physical properties such as rupture of some or whole of cells
by a proper means such as compression. 20 As the foregoing foaming agent
there may be used a proper compound such as azo compound (e. g.,
azodicarbonamide, dinitrosopentamethylene tetramine, sodium
hydrogencarbonate, 4,4'-oxybis(benzenesulfonylsemicarbazide)), N-nitroso
compound, inorganic compound, semicarbazide compound, 25 hydrazine compound
and triazole compound. The amount of the foaming agent to be used is
preferably from 5 to 50 parts by weight based on 100 parts by weight of the
rubber component from the standpoint of foaming factor by which the desired
physical 17   1 2 AUG 2002 properties are obtained. As the vulcanizing
agent there may be used a proper compound such as sulfur, p-quinonedioxim,
p,p'dibenzoylquinonedioxim, 4,4'-dithiodimorpholine, p 5 dinitrosobenzine,
ammonium benzoate and N,N'-mphenylenedimaleimide. The amount of the
vulcanizing agent to be used is preferably from 1 to 30 parts by weight
based on 100 parts by weight of the rubber component from the standpoint of
desired physical properties by which malforming such as 10
undervulcanization and gas loss can be prevented. For the preparation of
the foregoing mixture, a proper foaming aid such as urea-based foaming aid,
salicylic foaming aid and benzoic foaming aid and a proper vulcanizing aid
such as aldehyde ammonia-based compound, aldehydeamine-based 15 compound,
thiourea-based compound, guanidine-based compound, thiazole-based compound,
sulfenamide-based compound, thiuram-based compound, dithiocarbamate-based
compound and xanthogenate-based compound can be used as necessary. Further,
additives such as filler (e. g., calcium 20 carbonate, talc, clay, mica
powder, metal oxide such as aluminum hydroxide and magnesium hydroxide,
metal oxide such as aluminum oxide and zinc oxide) and softener (e.g.,
paraffinic compound, naphthenic compound, aromatic compound, asphalt-based
compound ) may be blended during the preparation of the mixture 25 as
necessary. In the foregoing description, the amount of the filler to be
used is preferably from 30 to 300 parts by weight based on 100 parts by
weight of the rubber component from the 18   1 2 AUG 2002 standpoint of
control over physical properties such as strength. The amount of the
softener to be used is preferably from 10 to 300 parts by weight of the
rubber component from the standpoint of adjustment of viscosity of the
mixture related to the 5 foamability of the foaming material or prevention
of blooming. As the foamed product employable in the present invention such
as EPDM there is preferably used one obtained by a process which comprises
developing the mixture over a release liner to a thickness of from 0.5 to
50 mm, and then subjecting the sheet 10 to heat treatment at a temperature
of from 100 to 200C for 10 to 60 minutes so that it is foamed and
vulcanized until the foaming factor reached from 3 to 30, particularly from
5 to 15, more particularly from 8 to 13. If the foaming factor falls below
3, the resulting foamed product exhibits too great a 15 repulsion force
against compression to be disposed in a narrow 



space or the like. On the contrary, if the foaming factor exceeds 30, the
characteristic impedance of the foamed product can be hardly controlled,
occasionally making it impossible to obtain satisfactory properties such as
sound insulation and 20 damping. As the porous member which can be
preferably used in the present invention there may be used one obtained by
impregnating an open-cell foamed product having a specific gravity of from
0.01 to 0.9, particularly from 0.016 to 0.1, 25 made of a proper
thermoplastic resin such as polyurethane, polyethylene and polyvinyl
chloride or a proper rubber polymer such as butyl rubber and isoprene
rubber with a proper resin such as acrylic resin, polybutyral resin and
polyester resin 19   1 Z AUG 2U02 so that the above defined impedance
characteristics can be obtained. In this case, the amount of the resin to
be used can be properly determined depending on the characteristic
impedance or the like but is normally from about 0.01 to 1.0 5 g/cm',
particularly from about 0.02 to 0.1 g/cm'. The porous member which can be
preferably used in the present invention from the standpoint of effect of
sound deafening or damping is one having a sound absorbing coefficient of
not less than 200, particularly not less than 25~, more 10 particularly not
less than 30~ at a frequency of 3.15 kHz and/or a damping factor cr
satisfying the relationship: CY > 0.01 f neper/m, particularly 0.02 f
neper/m ~ a c 2 f neper/m, supposing that the damping factor is cx and the
frequency is f, in a frequency range of from 1.0 to 3.0 kHz. 15 The porous
member which can be preferably used in the present invention from the
standpoint of loadability in a narrow 



space or the like exhibits compressibility as exemplified above. Referring
to the compressibility, the porous member of the present invention
preferably exhibits a repulsion stress of 20 from 10 to 200 gf/cm2,
particularly from 20 to 150 gf/cmz, more particularly from 30 to 120 gf/cmz
at 50% compression. The form of the porous member and hence the damping
material can be properly determined depending on the purpose such as where
to apply. The thickness of the damping material 25 is arbitrary. In
general, it is not more than 100 mm, particularly from 0.5 to 70 mm, more
particularly from 1 to 40 mm based on the apparent thickness. The porous
member or damping material of the present invention doesn't need to be 20
1 Z AUG Z002 uniform in thickness and may be different from one point to
another in thickness. The porous member and hence damping material which
differ in thickness from one point to another can be efficiently 5 produced
by grinding a porous member into flakes to prepare chips, applying an
adhesive to the surface of the chips, packing the chips into a
predetermined mold, and then compressionmolding the chips. As a damping
material to be applied to disc drive, etc . 10 there is preferably used one
which can hardly produce corrosive gas. In this respect, a siliconic
polymer, etc. can produce a volatile component that is then evaporated,
e.g., on a magnetic disc to cause the change in the contact resistance with
the slider that destroys the disc. Accordingly, the porous 15 member or the
following film layer constituting the damping material is preferably formed
by a silicone-free material which can hardly produce gas, particularly
corrosive gas. The damping method according to the present invention
involves the arrangement of the foregoing damping material in 20 the
interior or on the periphery of a vibration-generating apparatus, whereby
the effect of insulating from sound, deafening from sound or damping or
composite thereof can be exerted to minimize the generation of vibration
from the apparatus and hence perform various actions for the 25
minimization of propagation of vibration such as sound deafening and
damping. Accordingly, the vibration-generating apparatusto which the
damping method of the present invention can be applied is 21   1 2 AUG 200Z



not specifically limited. As mentioned above, however, since the damping
material to be used herein can exert an excellent damping effect even in a
thin and light form and thus can be easily applied to a narrow space as
well, it can be preferably 5 applied particularly to disc drive, tape
recorder using a magnetic tape, etc . by making the best use of its
advantages . The foregoing disc drive is not specifically limited and may
be, for example, in a proper arrangement such that a disc is rotated by
means of a proper driving mechanism, such as HDD, 10 DVDD, CDD, MOD and
FDD, which have a motor for rotating a disc provided in the interior or
exterior of a housing having at least a space in which one or more required
number of sheets of disc as data recording medium and record or reproduce
optical or magnetic data.' 15 In the foregoing description, the damping
material according to the present invention can be formed into a
predetermined form, and then provided interposed between various members,
e.g. , drive main body and substrate , or packed in a gap in the apparatus,
or wound in the form of tape or sheet 20 on the apparatus or its parts, or
applied to the apparatus or its parts so that it can be arranged at one or
more places in the interior and/or on the vibration-generating apparatus or
its housing for the purpose of performing various actions for the
minimization of propagation of vibration in accordance with 25 the
conventional method such as sound absorption, sound insulation and damping
or composite thereof. In this respect, in Fig. 3, which illustrates HDD,
the reference numerals 21, 22, 23 and 24 each indicate a damping 22   1 2
AtIG 7D02 material. The damping material 21 disposed on the periphery of a
housing 103 is intended to damp vibration propagated to the housing. The
damping material 22 disposed between the housing l03 and the upper part of
a voice coil motor unit 104 5 is mainly intended to damp vibration
developed by the voice coil motor. The gap between the housing and the
upper part of the foregoing unit is normally from 2 to 5 mm but is not
limited thereto. As shown in Figs. 4A and 4B, the damping material 23 10
disposed on a suspension 51 mounted on the forward end of an 



actuator arm 5, too, is intended for damping. The suspension has a magnetic
head or the like ( not shown ) mounted thereon and moves together with the
arm 5 relative to the disc 6 by means of the voice coil motor unit 104 to
change writing/reading 15 position. Thus, damping is important to the
suspension. on the other hand, the damping material 24 disposed between the
housing 103 and the substrate 8 is intended to damp vibration developed by
the voice coil motor or spindle motor 7 and hence prevent the generation of
noise. 20 The present embodiment has been described with reference to the
arrangement of damping material in a plurality of places for the purpose of
damping or preventing the generation of noise. In the present invention,
the position at which the damping material is disposed is not limited to
those described above. 25 In practice, the damping material may be disposed
at any one of these places or less or more places than mentioned above.
Other examples of place at which the damping material is disposed include
space between the lower part of the voice motor 23   1 2 AUG 2002 unit 104
and/or spindle motor 7 and the housing 103. This disposition is effective
for the prevention of occurrence of read/write error due to the propagation
of vibration by the motor to the disc 6, magnetic head, etc. or the
prevention of 5 generation of noise due to the resonance of the housing.
For the prevention of the generation of noise due to the resonance of the
housing, the disposition of the damping material 24 between the housing 103
and the substrate 8 is particularly effective. 10 In the embodiment shown
in Fig. 3, the spindle motor 7 is mounted in the housing 103 with a damper
71 provided thereabove. However, the damping method of the present may be
applied instead of using the damper or the structure shown provided between
the upper part of the spindle motor and the 15 housing. In Fig. 3, the
reference numeral 31 indicates a seal tape for a hole made in the housing.
The reference numeral 72 indicates a disc clamp. The damping method
according to the present invention comprises providing a damping material
in the interior or on 20 the periphery of a vibration-generating apparatus,
characterized in that as said damping material there is used one obtained
by forming a film layer on a compressible porous member having an air
permeability of from 1 x 1/101 to 2 x 1/10z cc/cm2/sec based on an
atmospheric pressure difference of 2.039 25 x 1/10mmH20 or one obtained by
forming a film layer on a porous member having an absolute impedance value
of not less than 800 kg/m2~S in a frequency range of from 1 to 3 kHz. Figs.
3, 4A and 4B each illustrate a vibration-generating 24 



1 2 AUG 2002 apparatus 1 embodying the damping method according to the
present invention. Figs. 5A and 5B each illustrate a damping material used
in the present invention. The reference numerals 2, 21, 22, 23 and 24 each
indicate a damping material. The 5 reference numerals 25 and 27 each
illustrate a film layer. The reference numeral 26 indicates a porous
member. Fig. 3 illustrates HDD. Figs. 4A and 4B are enlarged views of the
suspension 51 constituting HDD. The damping material used herein comprises
a porous 10 member 26 showing the foregoing characteristics with a film
layer 25, 27 provided on either or both sides thereof as shown in Figs. 5A
nd 5B. In this arrangement, an excellent effect of absorbing sound,
insulating from sound or damping vibration can be exerted to perform
further prevention of generation of 15 noise or propagation of vibration.
In other words, the foregoing porous member absorbs vibration energy such
as sound incident thereupon and converts it to heat energy or the like to
exert a sound deafening or damping effect. If this porous member exhibits
the above defined air permeability and 20 impedance
characteristics,vibrationsuch as sound which cannot be absorbed can be
reflected by the interior of the porous member to drastically inhibit the
leakage of vibration to the exterior. Thus, an excellent damping effect can
be exerted to fairly prevent the generation of noise or the propagation of
vibration. 25 The film layer provided on the porous member is intended to
make up for the drop of self-supporting properties due to the reduction of
the thickness of the porous member and hence prevent the occurrence of
mounting trouble such as bending, 25   ~ z au~ Zoo2 thereby enhancing the
efficiency of mounting operation. Further, the film layer is intended to
inhibit the scattering of properties such as sound insulation and damping
due to the drop of the working efficiency by mismounting and the scattering
5 of the mounting state, thereby efficiently realizing high degree and
homogeneous sound insulation and damping. The film layer can also be
provided with an effect of insulating from vibration such as sound
generated in the interior of the apparatus to prevent the leakage of
vibration to the exterior 10 of the apparatus or minimize the propagation
of vibration, thereby attaining further sound insulation and damping. The
film layer can be provided partly on one or both surfaces of the porous
member. The film layer can also be provided covering the whole or part of
the side of the porous 15 member. The provision of the film layer can be
accomplished by an adhesion method involving the application of a film to
the porous member with an adhesive, a heat fusion method, a method
involving the coating of the porous member with a polymer solution that
forms a film layer, etc. In this case, the film 20 layer may be partially
formed on the porous member. For example, if the porous member differs in
thickness from one point to another, it is not necessary that the film
layer be formed entirely on the porous member. The film layer can be formed
by a proper polymer such as 25 those exemplified above with reference to
the porous member. The kind of the polymer to be used herein is not
specifically limited. In general, polyester polymers, polyolefin polymers
such as polyethylene and polypropylene, polyamide polymers, 26   1 2 AUG
?.007 polyimide polymers, polystyrene polymers, vinyl chloride polymers,
fluoropolymers, etc. may be used. From the standpoint of loadability,
polymers having an excellent slipperiness are desirable. From the
standpoint of 



5 workability or prevention of toxic gas upon heating, polyester polymers
are desirable. From the standpoint of the capability of insulating from
sound or preventing the propagation of vibration intended for the
enhancement of the effect of sound insulation or damping, 10 the film layer
preferably exhibits an air permeability of not more than 0.01 cc/cmz/sec
based on an atmospheric pressure difference of 2.039 x 1/10" mmH20.
Further, the film layer may comprise additives exemplified above with
reference to the porous member for a proper purpose. The increase in the
weight 15 of the film layer due to the incorporation of these additives is
effective for the enhancement of the capability of preventing sound leakage
or propagation of vibration by sound insulation or damping. There is an
apprehension that the damping material having 20 a film layer provided on
both surfaces of a porous member might not receive vibration such as sound
due to the foregoing effect of sound insulation or damping and hence might
not fully exert its desired effect of sound insulation or damping. However,
since the film layer on the vibrating source side such as noise 25 source
side can be neglected from the standpoint of mass and vibrates in close
contact with the vibrating source, it has practically little effect on the
foregoing sound insulation or damping effect. 27   1 2 AUG 200z
Accordingly, the damping material having a film layer provided on one
surface of a porous member may be disposed regardless of which the film
layer faces the vibrating source or the other side. In general, the damping
material is disposed 5 in such an arrangement that the porous member is
exposed to the vibrating source side. The film layer, if provided on the
vibrating source side, may be reduced in thickness or rendered porous by
drilling so that its sound insulating or vibration propagation preventing
properties can be properly lessened. 10 The thickness of the film layer is
not specifically limited but may be properly determined. In general, it is
from 5 to 200 arm, particularly from 8 to 150 um, more particularly from 25
to 125 arm from the standpoint of reinforcing effect and reduction of
thickness of the damping material . The film layer, 15 if provided on both
surfaces of the porous member, may be the same or different in material and
thickness. EXAMPLE 1-1 100 parts (hereinafter by weight) of EPDM having an
20 ethylene content of 60 mol-%, a propylene content of 10 mol-%, a polyene
content of 30 mol-% and a Mooney viscosity ML,+z ( 100C) of 65, 200 parts
of heavy calcium carbonate, 50 parts of a paraffin oil, 10 parts of an
ADCA-based organic foaming agent and 2 .5 parts of sulfur were kneaded by
means of a kneader. The 25 mixture thus kneaded was developed over a
release liner to a thickness of 10 mm, and then heated to a temperature of
l60C for 30 minutes so that it was foamed and vulcanized to obtain a
closed-cell formed product having a foaming factor of 6. The 28   ~ Z auG
2002 foamed product thus obtained was passed through the nip between rolls
which is one third of the thickness of the foamed product, and then sliced
to a thickness of 2 mm to obtain a damping material. 5 The damping material
thus obtained was then examined for absolute characteristic impedance value
(Zc) in a frequency range of from 1 . 0 to 3 . 0 kHz by means of a
two-microphone process acoustic impedance meter. The results were 3.5 x 10'
kg/m~ S . 10 EXAMPLE 1-2 A closed-cell foamed product having a foaming
factor of 20 was produced in the same manner as in Example 1-1 except that
25 parts of a DPT-based organic foaming agent were used instead of
ADCA-based organic foaming agent. The foamed product thus 



15 obtained was passed through the nip between rolls which is one third of
the thickness of the foamed product, and then sliced to a thickness of 2 mm
to obtain a damping material having Zc of 1 . 7 x 10' kg/m~ 'S . EXAMPLE
1-3 20 A polyester urethane foamed product having a specific gravity of
0.055 and an average cell diameter of 0.37 mm was produced, and then sliced
to a thickness of 2 mm to obtain a damping material having Zc of 1.1 x 10'
kg/m2 ~ . EVALUATION TEST 1 25 Damping factor a The damping materials
obtained in these examples were each examined for damping factor in a
frequency range of from 1.0 to 3.0 kHz by means of a two-microphone process
acoustic 29   1 2 AUG 20~~ impedance meter. 50~ compression repulsion force
The damping materials obtained in these examples were each compressed at a
rate of 100 mm/min to a thickness of 50 0, 5 kept for 10 seconds, and then
measured for repulsion force. Sound reduction As shown in Fig . 2 , the
damping material obtained in these examples were each disposed between HDD
main body and substrate. The disc drive 42 thus prepared was then placed on
a table 41 10 installed in an anechoic room. The disc drive 42 was then
driven by a driving source 44. The sound thus developed was measured by a
microphone 43 disposed at a distance (d) of 300 mm above the disc drive 42,
and then analyzed by a analyzer 45. With the sound level developed free
from damping material as a 15 standard ( 44 .6 dB) , the reduction of noise
at A characteristic overall value was then examined. The results are set
forth in Table 1 below. The damping factor set forth in the table was
measured at 1.0 kHz or 3.0 



kHz. The damping factor in the intermediate frequency is the 20
intermediate between that at 1.0 kHz and that at 3.0 kHz. Table 1 Example
No.ZcCX(neper/m)50%Sound(kg/m1 kHz3
kHzcompressionreduction.S)repulsion(dB)force( gf /cmZ )Example 1-13.5 x35
I84465.710'Example 1-21.7 x2658253.010'~Example 1-31.1 x2337602.310' 30   ~
2 AIJG 2UU1 EXAMPLE 2-1 100 parts (hereinafter by weight) of EPDM having an
ethylene content of 60 mol-%, a propylene content of 10 mol-%, a polyene
content of 30 mol-% and a Mooney viscosity ML1+Z ( 100 C ) 5 of 65, 200
parts of heavy calcium carbonate, 50 parts of a paraffin oil, 10 parts of
an ADCA-based organic foaming agent and 2.5 parts of sulfur were kneaded by
means of a kneader. The mixture thus kneaded was developed over a release
liner to a thickness of 10 mm, and then heated to a temperature of 160C 10
for 30 minutes so that it was foamed and vulcanized to obtain a closed-cell
formed product having a foaming factor of 8. The foamed product thus
obtained was passed through the nip between rolls which is one third of the
thickness of the foamed product, and then sliced to a thickness of 2 mm to
obtain a damping 15 material made of a porous member having an air
permeability of 1 x 1/10 cc/cm2/sec (hereinafter based on an atmospheric
pressure difference of 2.039 x l/10 mmHzO) . The damping material thus
obtained was then disposed between HDD housing 3 and substrate 8 to prepare
a disc drive. 20 For the measurement of air permeability, a frazil (??)
type tester according to JIS L 1096 was used. The air permeability was then
measured at arbitrarily predetermined pressures. An approximation equation
was then derivedfrom the relationship between the predetermined pressures
and the air 25 permeability. The air permeability was then calculated by
the approximation equation at an atmospheric pressure difference of 2.039 x
1/10" mmHzO. EXAMPLE 2-2 31   1 2 AUG 2002 A disc drive was prepared in the
same manner as in Example 2-1 except that as the damping material there was
used one comprising a porous member having an air permeability of 1.0 x
1/10' cc/cm2/sec obtained by impregnating an ether-based 5 uxethane foamed
product ( commercial product ) having a specif is gravity of 0.03 and an
apparent thickness of 2 mm with an impregnating agent comprising 10 parts
of an isocyanate-based crosslinking agent incorporated in 100 parts of a
copolymer of 95 % by weight of butyl acrylate and 5% by weight of acrylic
acid 



10 in an amount of 0.05 g/cm' based on the solid content, and then heating
the foamed product thus impregnated to a temperature of 150C for 30
minutes. COMPARATIVE EXAMPLE 2-1 A porous member having an air permeability
of 5.6 x 1/10 15 cc/cm2/sec was prepared in the same manner as in Example 2
1 except that the foamed product was passed through the nip between the
rolls which had been adjusted to half the thickness of the foamed product.
The porous member was then used as a damping material to prepare a disc
drive. 20 COMPARATIVE EXAMPLE 2-2 A porous member having an air
permeability of 4 . 3 x 1 / 10" cc/cm~/sec was prepared in the same manner
as in Example 2 1 except that the foamed product was passed through the nip
between the rolls which had been adjusted to a quarter of the 25 thickness
of the foamed product. The porous member was then used as a damping
material to prepare a disc drive. COMPARATIVE EXAMPLE 2-3 A porous member
having an air permeability of 8 . 6 x 1 / 10~ 32   12 auG tow cc/cm2/sec
was prepared in the same manner as in Example 22 except that the amount of
the impregnating agent with which the foamed product is impregnated was
0.008 g/cm3. The porous member was then used as a damping material to
prepare a disc 5 drive. COMPARATIVE EXAMPLE 2-4 A porous member the air
permeability of which is close to measurement limit ( air impermeable ) was
prepared in the same manner as in Example 2-2 except that the amount of the
10 impregnating agent with which the foamed product is impregnated was 2.0
g/cm3. The porous member was then used as a damping material to prepare a
disc drive. EVALUATION TEST 2 . Sound absorbing coefficient 15 The damping
materials (porous members) obtained in Examples 2-1 and 2-2 and Comparative
Examples 2-1 to 2-4 were each measured for sound absorbing coefficient
(damping capacity) by means of a perpendicularly incident sound absorbing
coefficient meter according to JIS A 1405. 20 Repulsion force 



The damping materials obtained in Examples 2-1 and 22 and Comparative
Examples 2-1 to 2-4 were each compressed at a rate of 100 mm/min to a
thickness of 50 a, kept for 10 seconds, and then measured for repulsion
force. 25 Sound reduction As shown in Fig. 2, the disc drives 42 obtained
in these examples and comparative examples were each placed on a table 41
installed in an anechoic room. The disc drive 42 was then 33   12 auG 200
driven by a driving source 44. The sound thus developed was measured by a
microphone 43 disposed at a distance ( d ) of 300 mm above the disc drive
42, and then analyzed by a analyzer 45. With the sound level developed free
from damping material as 5 a standard ( 44 . 6 dB ) , the reduction of
noise at A characteristic overall value was then examined. The results are
set forth in Table 2-1. Table 2-1 Example No.Airs
SoundRepulsionSoundpermeabilityabsorbingforcereductionof
porouscoefficient(gf/cmZ)(dB)Member( cc/cmz/sec )Example 2-11.0 x
1/1035448.1Example 2-21.0 x 1/1032447.6Comparative5.6 x 1/10235386.4Example
2-1Comparative4.3 x 1/1011352508.2*1Example 2-2Comparative8.6 x
1/10235525.0Example 2-3ComparativeClose to28280Unable toExample
2-4measurementmount*2Limit *1: The substrate was deformed due to great
compressive ' 10 repulsion force. *2: Unable to mount due to great
compressive repulsion force EXAMPLE 2-3 A closed-cell foamed product with a
foaming factor of 6 15 having an ADCA-based organic foaming agent content
of 10 parts was prepared in the same manner as in Example 2-1. The foamed
product thus prepared was passed through the nip between rolls which is one
third of the thickness of the foamed product, and 34   ~ z auG 7oa~ 



then sliced to a thickness of 2 mm to obtain a porous member from which a
damping material was then obtained. The damping material was then used to
prepare a disc drive. The damping material thus obtained was then examined
for 5 absolute characteristic impedance value (Zc) in a frequency range of
from 1 . 0 to 3 .0 kHz by means of a two-microphone process acoustic
impedance meter. The results were 3.5 x 103 kg/m~ 'S . EXAMPLE 2-4 10 A
disc drive was prepared in the same manner as in Example 2-3 except that a
closed-cell foamed product having a foaming factor of 20 was obtained using
25 parts of a DPT-based organic foaming agent instead of the ADCA-based
organic foaming agent and the foamed product thus obtained was passed
through the nip 15 between rolls which is one third of the thickness of the
foamed product, and then sliced to a thickness of 2 mm to obtain a damping
material comprising a porous member having Zc of 1 , 700 . EXAMPLE 2-5 A
disc drive was prepared in the same manner as in Example 20 2-3 except that
a polyester-based urethane foamed product 25 having a specific gravity of
0.055 and an average cell diameter of 0.37 mm was prepared and the foamed
product thus prepared was sliced to a thickness of 2 mm to obtain a damping
material comprising a porous member having Zc of 1,100. EVALUATION TEST 3
Damping factor Cr The porous members (damping materials) obtained in
Examples 2-3 to 2-5 were each examined for damping factor in 35   ~ z au~
Q002 a frequency range of from 1.0 tv 3.0 kHz by means of a two microphone
process acoustic impedance meter. Repulsion force The damping materials
obtained in Examples 2-3 to 2-5 were 5 each examined for repulsion force in
the same manner as 



mentioned above. Sound reduction The disc drives obtained in Examples 2-3
to 2-5 were each examined for noise reduction in the same manner as
mentioned 10 above. The results are set forth in Table 2-2. The damping 15
factor set forth in the table was measured at 1.0 kHz or 3.0 kHz. The
damping factor in the intermediate frequency is the intermediate between
that at 1.0 kHz and that at 3.0 kHz. Table 2-2 Example
No.Zccr(neper/m)RepulsionSound(kg/m ~S )1 kHz3 kHzforce (gf/cm2)reduction
(dB)Example 2-33,5003584465.7Example 2-41,7002658253.0~xample 2-5~1, 100
~23 ~37 ~602.3 EXAMPLES 3-1, 3-2 100 parts (hereinafter by weight) of EPDM
having an ethylene content of 60 mol-%, a propylene content of 10 mol-%, a
polyene content of 30 mol-% and a Mooney viscosity ML1+2 ( 100C) 20 of 65,
200 parts of heavy calcium carbonate, 50 parts of a paraffin oil, 15 parts
of an ADCA-based organic foaming agent and 2.5 parts of sulfur were kneaded
by means of a kneader. The mixture thus kneaded was developed over a
release liner to a thickness of 10 mm, and then heated to a temperature of
160C 36   1 2 AUG 2002 for 30 minutes so that it was foamed and vulcanized
to obtain a closed-cell formed product having a foaming factor of 8. The
foamed product thus obtained was passed through the nip between rolls which
is one third of the thickness of the foamed product, 



5 and then sliced to a thickness of 2 mm to obtain a porous member having
an air permeability of 1 .0 x 1/10" cc/cmZ/sec (hereinafter based on an
atmospheric pressure difference of 2.039 x 1/10' mmH20 ) . A PET film
having a thickness of 3 8 um was then bonded to one surface of the porous
member with an adhesive layer 10 provided interposed therebetween to obtain
a damping material. Subsequently, the damping material 24 thus obtained was
disposed between HDD housing 3 and substrate 8 to prepare a disc drive. The
damping material 24 was disposed in such an arrangement that the film layer
is on the substrate side in 15 Example 3-1 and on the housing side in
Example 3-2. For the measurement of air permeability, a frazil type tester
according to JIS L 1096 was used. The air permeability was then measured at
arbitrarily predetermined pressures. An approximation equation was then
derived from the relationship between the 20 predetermined pressures and
the air permeability. The air permeability was then calculated by the
approximation equation at an atmospheric pressure difference of 2.039 x
1/10"mmH20. EXAMPLE 3-3 A damping material was obtained in the same manner
as in 25 Example 3-1 except that the PET film was provided on both surfaces
of the porous member. The damping material thus obtained was then used to
prepare a disc drive. EXAMPLE 3-4 37   1 2 AUG 200 A disc drive was
prepared in the same manner as in Example 3-1 except that as the damping
material there was used one comprising a porous member having an air
permeability of 1.0 x 1/104 cc/cm2/sec obtained by impregnating an
ether-based 5 urethane foamed product ( commercial product ) having a
specif is gravity of 0.03 and an apparent thickness of 2 mm with an
impregnating agent comprising 10 parts of an isocyanate-based crosslinking
agent incorporated in l00 parts of a copolymer of 95~ by weight of butyl
acrylate and 5% by weight of acrylic acid 10 in an amount of 0.05 g/cm'
based on the solid content, and then heating the foamed product thus
impregnated to a temperature of 150C for 30 minutes. REFERENCE EXAMPLE 3 -
1 The porous member obtained in Example 3-1 was then used 15 as a damping
material to prepare a disc drive. REFERENCE EXAMPLE 3 - 2 



The porous member obtained in Example 3-4 was then used as a damping
material to prepare a disc drive. COMPARATIVE EXAMPLE 3-3 20 ~ porous
member having an air permeability of 5.6 x 1/102 cc/cm2/sec was prepared in
the same manner as in Example 31 except that the foamed product was passed
through the nip between the rolls which had been adjusted to half the
thickness of the foamed product. The porous member was then used as a 25
damping material to prepare a disc drive. COMPARATIVE EXAMPLE 3-4 A porous
member having an air permeability of 4 . 3 x 1 / 10" cc/cm~/sec was
prepared in the same manner as in Example 3 38   1 2 AtIG ?.00~ 1 except
that the foamed product was passed through the nip between the rolls which
had been adjusted to a quarter of the thickness of the foamed product. The
porous member was then used as a damping material to prepare a disc drive.
5 COMPARATIVE EXAMPLE 3-5 A porous member having an air permeability of 8.5
x 1/10 cc/cmz/sec was prepared in the same manner as in Example 34 except
that the amount of the impregnating agent with which the foamed product is
impregnated was 0.008 g/cm3. The porous 10 member was then used as a
damping material to prepare a disc drive. COMPARATIVE EXAMPLE 3-6 A porous
member the air permeability of which is close to measurement limit ( air
impermeable ) was prepared in the same 15 manner as in Example 3-4 except
that the amount of the impregnating agent with which the foamed product is
impregnated was 2.0 g/cm3. The porous member was then used as a damping
material to prepare a disc drive. EVALUATION TEST 4 20 Sound absorbing
coefficient The damping materials (porous members) obtained in Examples 3-1
to 3-4 and Comparative Examples 3-1 to 3-6 were each measured for sound
absorbing coefficient (damping capacity) by means of a perpendicularly
incident sound 25 absorbing coefficient meter according to JIS A 1405.
Repulsion force The damping materials obtained in Examples 3-1 to 3-4 and
Comparative Examples 3-1 to 3-6 were each compressed at a rate 39   1 2 AUG
2001 of 100 mm/min to a thickness of 50%, kept for 10 seconds, and then
measured for repulsion force. Sound reduction As shown in Fig. 2, the disc
drives 42 obtained in these 



5 examples and comparative examples were each placed on a table 41
installed in an anechoic room. The disc drive 42 was then driven by a
driving source 44. The sound thus developed was measured by a microphone 43
disposed at a distance (d) of 300 mm above the disc drive 42, and then
analyzed by a analyzer 45. 10 With the sound level developed free from
damping material as a standard (44. 6 dB) , the reduction of noise at A
characteristic overall value was then examined. Handleability During the
foregoing installing operation, the damping 15 material was examined for
handleability. The results are set forth in Table 3-1 below. 40   Table 3-1
Example No.Airo SoundRepulsionSoundHandleabilitypermeabilityabsorbingforce
(gf/cmz)reduction (dB)of porouscoefficientmember( cc/cmz/sec )Example
3-11.0 x 1/1035448.8GoodExample 3-21.0 x I/1035448.6GoodExample 3-31.0 x
1/1035459.1GoodExample 3-41.0 x 1/I032448.3GoodComparative1.0 x
1/10'3544S.IFairExample 3-1Comparative1.0 x 1/1032447.6FairExample
3-2Comparative5.6 x 1/10z35386.4FairExample 3-3 IComparative4.3 x
1/1011352508.2Poor*1Example 3-4Comparative8.6 x 1/10z35525.0FairExample
3-5ComparativeClose to28280Unable to mount-*2Example 3-6measurement1 imit
*l: The substrate was deformed due to great compressive repulsion force.
*2: Unable to mount due to great compressive repulsion force 41 N C G~ N 0
0 N   1 2 AUG 2002 EXAMPLES 3-5, 3-6 A closed-cell foamed product having an
ADCA-based organic foaming agent content of 10 parts and a foaming factor
of 6 was obtained in the same manner as in Example 3-1. The foamed 5
product thus obtained was passed through the nip between rolls which is one
third of the thickness of the foamed product, and then sliced to a
thickness of 2 mm to obtain a porous member. A PET film having a thickness
of 38 um was then bonded to one surface of the porous member with an
adhesive layer provided 



10 interposed therebetween to obtain a damping material from which a disc
drive was then prepared. The damping material was disposed in such an
arrangement that the film layer is at the substrate side in Example 3-5 and
at the housing side in Example 3-5. 15 The porous member thus obtained was
then examined for absolute characteristic impedance value (Zc) in a
frequency range of from 1 . 0 to 3 . 0 kHz by means of a two-microphone
process acoustic impedance meter. The results were 3.5 x 10' kg/mz 'S . 20
EXAMPLE 3-7 A damping material was obtained in the same manner as in
Example 3-5 except that the PET film was provided on both surfaces of the
porous member. The damping material thus obtained was then used to prepare
a disc drive. 25 EXAMPLE 3-8 A damping material was obtained in the same
manner as in Example 3-5 except that as the porous member there was used
one having Zc of 1 . 7 x 10' kg/mz ~S obtained by preparing a closed-cell
42   1 2 AUG 2002 foamed product having a foaming factor of 20 comprising
25 parts of a DPT-based organic foaming agent instead of ADCAbased organic
foaming agent, passing the foamed product thus obtained through the nip
between rolls which is one third of 5 the thickness of the foamed product,
and then slicing the material to a thickness of 2 mm. A disc drive was then
prepared from the damping material. EXAMPLE 3-9 A damping material was
obtained in the same manner as in 10 Example 3-5 except that as the porous
member there was used one having Zc -of 1,100 kg/m~ ~ S obtained by
preparing a polyester-based urethane foamed product having a specific
gravity of 0.055 and an average cell diameter of 0.37 mm, and then slicing
the foamed product to a thickness of 2 mm. A disc 15 drive was then
prepared from the damping material. REFERENCE EXAMPLE 3 - 7 The porous
member obtained in Example 3-5 was then used as a damping material to
prepare a disc drive. REFERENCE EXAMPLE 3 - 8 20 The porous member obtained
in Example 3-8 was then used as a damping material to prepare a disc drive.
REFERENCE EXAMPLE 3 - 9 The porous member obtained in Example 3-9 was then
used 25 



as a damping material to prepare a disc drive. EVALUATION TEST 5 Damping
factor cr The porous members (damping materials) obtained in Examples 3-5
to 3-9 ( Comparative Examples 3-7 to 3-9 ) were each 43   ~ 2 AuG 2ooz
examined for damping factor in a frequency range of from 1.0 to 3.0 kHz by
means of a two-microphone process acoustic impedance meter. Repulsion force
5 The damping materials obtained in Examples 3-5 to 3-9 and Comparative
Examples 3-7 to 3-9 were each examined for repulsion force in the same
manner as mentioned above. Sound reduction The disc drives obtained in
Examples 3-5 to 3-9 and 10 Comparative Examples 3-7 to 3-9 were each
examined for noise reduction in the same manner as mentioned above.
Handleability During the foregoing installing operation, the damping
material was examined for handleability. 15 The results are set forth in
Table 3-2 below. The damping factor set forth in the table was measured at
1.0 kHz or 3.0 kHz . The damping factor in the intermediate frequency is
the intermediate between that at 1.0 kHz and that at 3.0 kHz. 44   Table
3-2 Example No.zca(neper/m)RepulsionSoundHandleability( kg/m2 'S )1 kHz3
kHzforce ( gf /cm2 )reduction (dB)Example 3-53,5003584466.5GoodExample
3-63,5003584466.3GoodExample 3-73,50035__8_4476.8GoodExample
3-81,70U2658253.8GoodExample 3-91,1002337603.1GoodComparative Example 



3-73,5003584465.7FairComparative Example 3-81,70U2658253.0FairComparative
Example 3-91,1002337602.3Fair N 45 n c N O C ice:   ~ 2 auG z~o~ While the
presently preferred embodiment of the present invention has been shown and
described, it is to be understood that the disclosure is for the purpose of
illustration and that various changes and modification may be made without
departing 5 from the scope of the invention as set forth in the appended
claims. 46   1 2 AUG 2002 1 . A damping material made of a porous member
having an absolute characteristic impedance value of not less than 800 5
kg/mZ~S in a frequency range of from 1.0 to 3.0 kHz. 2. A damping material
according to claim 1, wherein said damping material satisfies a
relationship: ~x > 0.0l f neper/m, supposing that a damping factor is cr
and a frequency 10 is f in the frequency range of from 1.0 to 3.0 kHz. 3. A
damping material according to claim l, wherein said damping material
exhibits a repulsion stress of from 10 to 200 gf/cm~.at 50% compression. 15
4. A damping material according to claim 2, wherein said damping material
exhibits a repulsion stress of from 10 to 200 gf/cm~ at 50% compression. 



20 5. A damping method comprising a step of: providing a damping material
one of in an interior or on a periphery of a vibration-generating
apparatus, wherein said damping material comprises a compressible porous
member, and has an air permeability of from 1 x 1/10' to 2 x 1/10' 25
cc/cm'/sec based on an atmospheric pressure difference of 2.039 x 1 / 10~
mmH20 . 6. A damping method according to claim 5, wherein said 47   1 2 AUG
2002 porous member constituting the damping material exhibits one of the
following two conditions (1) a sound absorbing coefficient of not less than
20 % at a frequency of 3 . 15 kHz and ( 2 ) a damping factor a satisfying
in a frequency range of from 5 1 to 3 kHz the relationship a > 0.01 f
neper/m where f is frequency. 7. A damping method according to claim 5,
wherein said vibration-generating apparatus is a disc drive for rotating a
10 disc and said porous member constituting the damping material exhibits a
repulsion stress of from 10 to 200 gf/cm' at 50% compression. 8. A damping
method according to claim 6, wherein said 15 vibration-generating apparatus
is a disc drive for rotating a disc and said porous member constituting the
damping material exhibits a repulsion stress of from 10 to 200 gf/cm2 at
50% compression. 20 9. A damping method comprising a step of: providing a
damping material one of in an interior or on a periphery of a
vibration-generating apparatus, wherein said damping material comprises a
porous member having an absolute impedance value of not less than 800 kg/mz
~ S in a 



25 frequency range of from 1 to 3 kHz. 10. A damping method according to
claim 9, wherein said porous member constituting the damping material
exhibits one 48   1 2 AUG 2002 of the following conditions ( 1 ) a sound
absorbing coefficient of not less than 20 % at a frequency of 3 .15 kHz and
( 2 ) a damping factor a satisfying in a frequency range of from 1 to 3 kHz
the relationship a > 0.01 f neper/m where f is frequency. 5 11 . A damping
method according to claim 9, wherein said vibration-generating apparatus is
a disc drive for rotating a disc and said porous member constituting the
damping material exhibits a repulsion stress of from 10 to 200 gf/cm2 at
50% 10 compression. 12. A damping method according to claim 10, wherein
said vibration-generating apparatus is a disc drive for rotating a disc and
said porous member constituting the damping 15 material exhibits a
repulsion stress of from 10 to 200 gf/cm2 at 50% compression. I2 0 and 13.
A disc drive comprising: a motor for rotating a disc as a data recording
medium; a damping material provided in an interior and/or on a periphery of
a housing having at least a space in which said disc can be mounted,
wherein said damping material comprises a compressible 25 porous member
having an air permeability of from 1 x 1/10' to 2 x 1/10' cc/cm~/sec based
on an atmospheric pressure difference of 2.039 x l/10 mmH20. 49   



1 2 AUG 2002 14. A disc drive comprising: a motor for rotating a disc as a
data recording medium; and a damping material provided in an interior
and/or on a 5 periphery of a housing having at least a space in which said
disc can be mounted, wherein said damping material comprises a porous
member having an absolute impedance value of not less than 800 kg/m2 ~ S in
a frequency range of from 1 to 3 kHz. 10 15. A damping method comprising a
step of: providing a damping material one of in an interior or on a
periphery of a vibration-generating apparatus, wherein~said damping
material comprises a compressible 15 porous member having an air
permeability of from 1 x 1/101 to 2 x 1/10 cc/cmz/sec based on an
atmospheric pressure difference of 2.039 x 1/104 mmHzO, and a film layer
formed on said compressible porous member. 20 16. A damping method
according to claim 15, wherein said porous member has one of the following
conditions (1) a sound absorbing coefficient of not less than 20 o at a
frequency of 3 . 15 kHz and ( 2 ) a damping factor cr satisfying in a
frequency range of from 1 to 3 kHz the relationship a ~ 0.01 f neper/m 25
where f is frequency, and said film layer has a thickness of from 5 to 200
um and is made of one of a polyester, polyethylene, polyamide, polyimide,
polystyrene and vinyl chloride polymer. 50   1 2 AUG 2002 17. A damping
method according to claim 15, wherein 



said vibration-generating apparatus is a disc drive for rotating a disc and
said damping material is made of a porous member having a repulsion stress
of from 10 to 200 gf/cm~ at 5 50% compression. 18. A damping method
according to claim 16, wherein said vibration-generating apparatus is a
disc drive for rotating a disc and said damping material is made of a
porous 10 member having a repulsion stress of from 10 to 200 gf/cm~ at 50%
compression. 19. A damping method comprising a step of: providing a damping
material one of in an interior or 15 on a periphery of a
vibration-generating apparatus, wherein said damping material comprises a
porous member having an absolute impedance value of not less than 800 kg/m2
~ S in a frequency range of from 1 to 3 kHz, and a film layer on 20 said
porous member. 20. A damping method according to claim 19, wherein said
porous member has one of the following conditions (1) a sound absorbing
coefficient of not less than 20 a at a frequency of 3 .15 kHz and ( 2 ) a
damping factor a satisfying in a frequency 25 range of from 1 to 3 kHz the
relationships ~ 0.01 f neper/m where f is frequency, and said film layer
has a thickness of from 5 to 200 pm and is made of one of a polyester,
polyethylene, polyamide, 51   1 2 AUG 200l polyimide, polystyrene and vinyl
chloride polymer. 21. A damping method according to claim 19, wherein said
vibration-generating apparatus is a disc drive for 5 rotating a disc and
said damping material is made of a porous member having a repulsion stress
of from 10 to 200 gf/cm2 at 50% compression. 22. A damping method according
to claim 20, wherein 10 said vibration-generating apparatus is a disc drive
for rotating a disc and said damping material is made of a porous member
having a repulsion stress of from 10 to 200 gf/cm2 at 50~ compression. 15
23. A disc drive comprising: a motor for rotating a disc as a data
recording medium; and a damping material provided in an interior and/or on
a periphery of a housing having at least a space in which said 20 disc can
be mounted, 



wherein said damping material comprises a compressible porous member having
an air permeability of from 1 x l/101 to 2 x 1/10' cc/cm2/sec based on an
atmospheric pressure difference of 2.039 x 1/10' mmH,O and a film layer
formed on said porous 25 member. 24. A disc drive comprising: a motor for
rotating a disc as a data recording medium; 52   ~ 2 auG 2002 and a damping
material provided in an interior and/or on a periphery of a housing having
at least a space in which said disc can be mounted, 5 wherein said damping
material comprises a porous member having an absolute impedance value of
not less than 800 kg/m~ ~ S in a frequency range of from 1 to 3 kHz, and a
film layer formed on said porous member. 53 .A.A3hl.A9.F.A(F.AL.Al.Al;
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