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VIBRATION AND SHOCK ATTENUATING 
ARTICLES AND A METHOD OF ATTENUATING 

VIBRATIONS AND SHOCKS THEREWITH 

FIELD OF THE INVENTION 

[0001] The present invention relates to a one-piece vibra 
tion attenuating article that has a non-tacky ?lm covering 
enclosing all or a signi?cant portion of the surface of a 
vibration attenuating material, Wherein at least a portion of 
the vibration attenuating material’s surface covered by the 
?lm covering is a three dimensional surface. The articles can 
be used in numerous applications Where vibration or shock 
attenuation is required, including, but not limited to, disk 
drive applications, automotive applications, and electronics 
applications. 

BACKGROUND OF THE INVENTION 

[0002] Vibrations and/or shocks can excite resonant fre 
quencies in structures. Damping and/or isolation can be used 
to reduce the vibration and shock effects. 

[0003] Applications Where vibration and shock control are 
particularly important include disk drive applications, actua 
tor voice coil motor applications, computer shock isolation 
applications, car applications, shock isolator applications for 
draWers or doors, and the like. 

[0004] As a speci?c example, resonant vibrations or 
shocks in a disk drive can be caused by the read-Write 
actuator voice coil motor assembly. An actuator is used in a 
disk drive to very quickly and precisely position the read/ 
Write element over the data track of a spinning disk. The 
actuator voice-coil motor design most often used to position 
the transducer can often generate vibrations that lead to 
excessive acoustical noise that is irritating to users of the 
disk drive. These vibrations can also impair the positioning 
or stability of the read-Write transducer over the desired data 
track, thus reducing the drive’s performance. 

[0005] FIG. 1 illustrates a partial exploded vieW of a disk 
drive With only a feW key features shoWn for clarity. FIG. 
1 shoWs top cover 2, a bottom cover 4, and a top magnetic 
plate of the voice coil motor 6. A damper Which Would be 
used to damp vibrations Within the disk drive could be 
positioned on the top magnetic plate of the voice coil motor 
6. The damper location is indicated as 8. A more detailed 
description of a disk drive and actuator voice coil motor is 
found in US. Pat. No. 5,224,000. 

[0006] One method of damping such an actuator is to use 
a damper Which is a die cut part of damping material that is 
placed in key areas Which experience vibration to add 
damping to the actuator motor assembly. (See FIG. 2 Where 
the die cut part of damping material is represented by 10, the 
top cover of the disk drive is 2, and the top magnetic plate 
of the voice coil motor is 6). Typically, the damper is placed 
betWeen a portion of the motor assembly and an outer 
surface, such as the drive’s cover or base. KnoWn dampers 
often use a damping material With a tacky surface associated 
With the polymer that can make their use difficult. 

[0007] KnoWn die cut dampers are typically from 0.025 
mm (1 mil) thick to over 3.81 mm (150 mils) thick. These 
die cut dampers have essentially ?at top and bottom surfaces 
and straight die cut side edges that are essentially perpen 
dicular to the top and bottom surfaces of the damper. The 
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vibration damper may optionally have a polymeric ?lm 
layer, for example, a die cut piece of polyester or polyeth 
ylene ?lm, attached to the damper With a pressure sensitive 
adhesive. The add on polymeric ?lm covers only the top 
portion of the ?at top damper. This polymeric ?lm layer can 
be the same siZe as the damper top surface area or extend 
past the top surface edges. (See FIGS. 2a and 2b, respec 
tively. In FIG. 2a the polyethylene ?lm is 16, the pressure 
sensitive adhesive is 14, the damping material is 12, the disk 
drive cover is 2, and the top magnetic plate of the voice coil 
motor is 6. In FIG. 2b the polyethylene ?lm is 22, the 
pressure sensitive adhesive is 20, the damping material is 18, 
the disk drive cover is 2, and the top magnetic plate of the 
voice coil motor is 6). Neither the surface of the ?lm in 
contact With the damper, nor the damper surface With Which 
the ?lm is in contact, is three dimensional. The ?lms do not 
offer any signi?cant damping bene?t as compared to the 
damping material and the main bene?t the ?lm does provide 
is to provide a tack-free surface on a single ?at surface of the 
damper that Will not bond to other surfaces it contacts. 

[0008] TWo-piece “damping” constructions that use a 
damper and a separate die cut ?lm part have been used in 
disk drive systems Where a damper (a die cut section of 
damping polymer) has a ?lm (a polyethylene polymeric ?lm 
With a pressure sensitive adhesive on one side) attached to 
a surface opposite from that Which the damper is placed on, 
such that When the drive is assembled, the damper and ?lm 
are in contact (See FIG. 2c, Wherein the polyethylene 
polymeric ?lm is 26, the pressure sensitive adhesive is 28, 
the damping polymer is 24, the top cover of the disk drive 
is 2, and the top magnetic plate of the voice coil motor is 6). 
The ?lm provides a surface to Which the damper Will have 
a fairly Weak bond so that the drive can be easily opened and 
reWorked. The surface of this ?lm in contact With the damper 
is not three dimensional, nor does it contact a three dimen 
sional surface of the damper. 

SUMMARY OF THE INVENTION 

[0009] These knoWn dampers provide for signi?cant 
reductions in acoustical noise as Well as vibration levels. 
HoWever, problems With these knoWn dampers include the 
inability to use loW Tg damping materials effectively 
because they may be tacky at room temperature or at disk 
drive use temperatures. Additional problems With the current 
dampers include poor outgassing, dif?culty in dimensional 
control, etc. These and other problems are expanded upon in 
detail hereafter: 

[0010] 1) KnoWn dampers not used in conjunction With a 
polymeric ?lm attached opposite the dampers (See FIG. 2) 
can build a strong bond to the surfaces they come into 
contact With (such as such as the cover or base surface of a 
drive). This makes reWorking of the drive dif?cult as the 
drive may be dif?cult to reopen due to the strong bond Which 
may have been formed. 

[0011] 2) Adamper that has a ?lm attachment coextensive 
With the top surface of the damper, can experience “bloom 
ing” Whereby the damping polymer expands past the edge of 
the ?lm during use creating a situation Where the damping 
polymer can still create a signi?cant bond in an undesired 
location. When compressed into position, the damping poly 
mer expands around the ?lm alloWing a bond to form to an 
undesired surface (See FIG. 2a' Wherein the polymeric ?lm 
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is 30, the pressure sensitive adhesive is 32, and the damping 
polymer is 34). Using thicker ?lms to limit this is not 
practical for thick dampers and could make the dampers 
dif?cult and more costly to manufacture. 

[0012] 3) Dampers With a polymeric ?lm (such as a 
polyester ?lm) extended over the edges of the damper (See 
FIG. 2b) are dif?cult to handle and costly to manufacture as 
the larger ?lm is die cut and attached via pressure sensitive 
adhesive to the damper or the damper is pre-cut and subse 
quently attached via pressure sensitive adhesive to the ?lm. 

[0013] 4) Dampers that use a separate ?lm die cut part 
attached to an opposite surface in the drive (to prevent high 
degree of bonding) prior to assembly of the drive require an 
additional part to manufacture and apply to the drive (See 
FIG. 2c). 

[0014] 5) Often loW Tg damping materials have a tacky 
surface associated With the damping material, unless a 
sufficient degree of crosslinking is present in the polymer to 
render them tack-free. The polymers that have been rendered 
tack-free by high levels of crosslinking (greater than or 
equal to about 0.5%) have a higher rubbery region modulus 
than a similar polymer not so highly crosslinked. The 
mechanical strength of the damping polymer may also be 
reduced due to the high level of crosslinking. 

[0015] These highly crosslinked tack-free polymers Will 
not stress relax as quickly or to as loW a level as less highly 
crosslinked damping polymers. This retention of stress in 
highly crosslinked polymers is detrimental in applications 
Where the damper is initially stressed upon application and 
to function properly, the damper needs to stress relax (e.g., 
over the range of thickness stack-up assembly tolerances for 
the actuator motor assembly, the high crosslinked or high Tg 
damping polymer may not have suf?cient relaxation in the 
polymer to prevent cover boWing once the cover is attached 
to the base of the drive and the damper is compressed). A 
tack-free damping polymer may not meet all the application 
needs as the presence of crosslinking may reduce the peak 
damping of the damping polymer at both room and operat 
ing temperatures. 

[0016] In addition, these dampers require a pressure sen 
sitive adhesive to aid in attaching the damper to the drive 
since the damping polymer is not tacky. 

[0017] 6) The current dampers Which tend to be tacky at 
25 to 65° C. (See FIGS. 2, 2a, 2b, and 2c) can collect 
contamination easily and are dif?cult to clean either by hand 
or via automatic cleaning systems. 

[0018] 7) Current dampers (See FIGS. 2, 2a, 2b, and 2c) 
can have a high degree of outgassing. This can be a problem 
for the enclosed environment of the disk drive Where out 
gassed materials can lead to drive reliability problems. The 
current dampers have a signi?cant exposed surface area 
inside the drive and are often the largest source of organic 
material in the drive. Current dampers may be pre-outgassed 
in an oven by heating the dampers to an elevated tempera 
ture for a period of time. But this adds cost and complexity 
to the manufacturing process, including the potential for the 
dampers to become contaminated. 

[0019] 8) The current dampers (See FIGS. 2, 2a, 2b, and 
2c) can be dif?cult to handle as preferred damping polymers 
tend to be someWhat tacky at room temperature and most are 
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tacky at drive operating temperatures. Automated placement 
of such dampers can be dif?cult and costly due to the 
damper’s tacky characteristics. 

[0020] 9) The shapes of the current preferred dampers 
(See FIGS. 2, 2a, 2b, and 2c) are limited as a die cutting 
process is used to attain the length and Width (Y) of the 
damper. The material used for the damper, especially as the 
construction becomes thicker and the polymer tacky, can be 
dif?cult to remove from the excess damping material after 
die cutting. This excess damping material, or “Weed”, 
removal problem can limit the dampers’shapes. Dampers of 
square and rectangular shapes can be obtained, but other 
shapes such as round, triangular or “peanut” shapes can be 
dif?cult to obtain as the damper thickness increases. Sharp 
cornered or small radius dampers are also very dif?cult to 
manufacture and can limit the dampers aspect ratio for 
thickness versus X or Y dimension and also corner radius 
tolerances. Dimensional control of length and Width is more 
dif?cult as the damper becomes thicker and tolerances that 
can be held become greater as the die cut damper becomes 
thicker. 

[0021] 10) The exposed damping polymers of a damper 
can be oxidiZed at elevated temperature for short times or 
medium temperatures at long times. Oxidation can change 
the damping properties of the damper and decrease the 
bene?t of the damper. 

[0022] 11) The exposed damping material of a damper can 
be exposed to harsh environments from the air or solutions 
it may come into contact With during manufacture or use. 
These harsh mediums can react With the damping polymer 
to reduce the bene?t of the damper. In addition, reactions 
betWeen the damping material and the harsh environment 
can create secondary organic components that have a nega 
tive effect on other materials near the dampers use. Further 
more, components or agents used in the damping material 
manufacture may escape from the damper and have negative 
effects on materials near the damper’s use location. For 
example, if the damping material uses a catalyst that can be 
leached from the damping material, it can cause detrimental 
reactions to occur elseWhere in the area near the damper’s 
use location. For example, a component that leaches or 
outgasses onto the storage disk’s surface from the damping 
material could lead to corrosion of the disk surface area. 

[0023] 12) The exposed damping material of current 
dampers does not have a high degree of Wear or abrasion 
characteristics. This limits the dampers use to applications 
Where the damper is not exposed to abrasive or Wear type 
environments. Wear or abrasion could be induced by 
repeated contact of the damper to other objects or exposure 
to a How of material (?uids such as air, Water, etc.). 

[0024] The mechanism by Which current dampers dissi 
pate undesirable energy by damping resonant vibrations, 
involves deformation or straining of the damping material. 
That is, When the structure that the damper is applied to is 
subjected to cyclic loading, for example, the damping mate 
rial is subjected to tension-compression deformation and 
dissipates the energy through an extensional strain mecha 
nism. In addition, damping can occur by energy dissipation 
from the damping material via a shear mechanism that 
results from constraint created by the damper being placed 
betWeen tWo structures (for example, an actuator motor and 
cover or base). The dampers can also act as isolators by 
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reducing the vibration transmitted from a vibration or shock 
source to the structure on Which the dampers are being used. 
The peak shock and/or vibration energy or peak acceleration 
is reduced by use of the damper. 

[0025] Although the current dampers used in drives are 
reasonably effective, the problems in using the dampers With 
a tacky damping material can be difficult and as the drive 
requirements for cleanliness, outgassing, ease of application, 
etc. become more restrictive these problems could limit the 
use of the dampers. Thus, an alternative approach is needed 
to damp vibrational or shock energy Without negative effects 
of the current dampers. 

SUMMARY OF THE INVENTION 

[0026] The present invention provides a novel attenuating 
article that can overcome the negative aspects of the current 
dampers, and even offer the potential for improved damping 
and isolation performance. 

[0027] The novel article of the invention comprises: 

[0028] (a) a vibration attenuating material, Wherein 
the vibration attenuating material has a storage 
modulus greater than about 6.9><103 Pascals and a 
loss factor greater than about 0.01 at 25° C. and 1 
HertZ, Wherein the vibration attenuating material has 
a surface and an interior; 

[0029] (b) an exterior ?lm covering, Wherein the 
exterior ?lm covering ?lm has a tensile modulus 
greater than about 6.9><103 Pascals at 25° C. and 50% 
relative humidity, Wherein the exterior ?lm covering 
comprises one or more of the folloWing: 

[0030] a ?lm; 

[0031] (ii) a ?lm segment; 

[0032] Wherein the vibration attenuating material sur 
face is at least partially enclosed by the exterior ?lm 
covering; 

[0033] Wherein an inner surface of the exterior ?lm 
covering conforms to the surface of the vibration 
attenuating material that it is at least partially enclos 
ing; 

[0034] Wherein at least a portion of the surface of the 
enclosed vibration attenuating material has a three 
dimensional shape; 

[0035] (c) optionally one or more interior ?lm divid 
ers, Wherein each interior ?lm divider has a tensile 
modulus greater than about 6.9><103 Pascals at 25° C. 
and 50% relative humidity, Wherein each interior 
?lm divider comprises one or more of the folloWing: 

[0036] a ?lm; 

[0037] (ii) a ?lm segment; 

[0038] Wherein each interior ?lm divider separates at 
least a portion of the vibration attenuating material 
from another portion of the vibration attenuating 
material; and 

[0039] (d) optionally a layer of adhesive coated on 
one or more of the folloWing: 

[0040] at least a portion of a surface of the 
exterior ?lm covering; 
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[0041] (ii) at least a portion of a surface of any 
interior ?lm divider, if present; 

[0042] (iii) at least a portion of any vibration 
attenuating material Which is not 

[0043] 
[0044] Wherein When the vibration attenuating mate 

rial is completely enclosed by the exterior ?lm 
covering a layer of adhesive is coated on at least a 
portion of an outer surface of the exterior ?lm 
covering. 

enclosed by the exterior ?lm covering. 

[0045] The exterior ?lm covering is described herein as 
having tWo surfaces, an inner surface Which is in contact 
With the vibration attenuating surface and an outer surface 
Which is its surface Which is not in contact With the vibration 
attenuating material. 

[0046] The present invention also provides a method of 
attenuating vibration in a structure comprising the step of 
positioning an attenuating article in relation to the structure 
such that the attenuating article is capable of attenuating the 
vibration of the structure in at least one vibrational mode, 
Wherein the attenuating article comprises: 

[0047] (a) a vibration attenuating material, Wherein 
the vibration attenuating material has a storage 
modulus greater than about 6.9><103 Pascals and a 
loss factor greater than about 0.01 at 25° C. and 1 
HertZ, Wherein the vibration attenuating material has 
a surface and an interior; 

[0048] (b) an exterior ?lm covering, Wherein the 
exterior ?lm covering ?lm has a tensile modulus 
greater than about 6.9><103 Pascals at 25° C. and 50% 
relative humidity, Wherein the exterior ?lm covering 
comprises one or more of the folloWing: 

[0049] a ?lm; 

[0050] (ii) a ?lm segment; 

[0051] Wherein the vibration attenuating material sur 
face is at least partially enclosed by the exterior ?lm 
covering; 

[0052] Wherein an inner surface of the exterior ?lm 
covering conforms to the surface of the vibration 
attenuating material that it is at least partially enclos 
ing; Wherein at least a portion of the surface of the 
enclosed vibration attenuating material has a three 
dimensional shape; 

[0053] (c) optionally one or more interior ?lm divid 
ers, Wherein each interior ?lm divider has a tensile 
modulus greater than about 6.9><103 Pascals at 25 ° C. 
and 50% relative humidity, Wherein each interior 
?lm divider comprises one or more of the folloWing: 

[0054] a ?lm; 

[0055] (ii) a ?lm segment; 

[0056] Wherein each interior ?lm divider separates at 
least a portion of the vibration damping material 
from another portion of the vibration damping mate 
rial; and 

[0057] (d) optionally a layer of adhesive coated on 
one or more of the folloWing: 

[0058] at least a portion of a surface of the 
exterior ?lm covering; 
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[0059] (ii) at least a portion of a surface of any 
interior ?lm divider, if present; 

[0060] (iii) at least a portion of any vibration 
attenuating material Which is not enclosed by the 
exterior ?lm covering. 

[0061] A preferred method is that Wherein the vibration 
amplitude of the structure has been reduced by at least about 
10% in one mode. 

[0062] The exterior ?lm covering is described herein as 
having tWo surfaces, the inner surface Which is in contact 
With the vibration attenuating surface and the outer surface, 
Which is its surface Which is not in contact With the vibration 
attenuating material. 

[0063] Preferably the structure in the above listed method 
is selected from the group consisting of disk drive assem 
blies, optical disk drives, compact disk assemblies, appli 
ances, transport vehicles, automobiles, doors, draWers, 
hoods, computers, test equipment Which is sensitive to shock 
or vibrations, and the like. 

[0064] As a speci?c example, an article of the invention, 
When used to damp a disk drive, may be placed betWeen the 
top magnet plate of the actuator voice coil motor assembly 
and the disk drive top cover. The vibration attenuator is 
typically placed under 1-40 percent compression When the 
cover is attached to the base of the drive. The damper could 
also be placed, for example, betWeen the bottom magnet 
plate and the base of the disk drive. This damper location 
may not have signi?cant compression, but the damper does 
contact the base of the drive and the bottom magnet plate. 
US. Pat. No. 5,224,000, incorporated by reference herein, 
provides additional detail regarding disk drives. 

[0065] As another example, an article of the invention 
When used to isolate a disk drive actuator may be placed 
betWeen an edge surface of the voice coil motor, typically on 
the coil of the voice coil motor or the side edge of the 
“E-block” assembly used to support the read/Write elements, 
or on a surface opposite the coil or “E-Block” assembly, 
When the voice coil motor is actuated or is subjected to 
excessive vibrations or shocks alloWing the actuator to 
impinge against a surface With the article, the article of the 
invention attenuates the vibration or shock. 

[0066] As another example, an article of the invention can 
be used to isolate a door or draWer When the structure is 
opened or closed, (i.e. actuated in the door or draWer frame 
thus producing a vibration or shock). The article may be 
placed on the door or draWer at a location that Will contact 
the structure the door or draWer is being impinged against. 
The article of the invention Will attenuate the vibration or 
shock energy and reduce the acoustical noise and vibration 
level. 

[0067] The present invention also provides a structure 
having an attenuating article positioned in relation to the 
structure such that the attenuating article is capable of 
attenuating the vibration of the structure in at least one 
vibrational mode, Wherein the article comprises: 

[0068] (a) a vibration attenuating material, Wherein 
the vibration attenuating material has a storage 
modulus greater than about 6.9><103 Pascals and a 
loss factor greater than about 0.01 at 25° C. and 1 
HertZ, Wherein the vibration attenuating material has 
a surface and an interior; 
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[0069] (b) an exterior ?lm covering, Wherein the 
exterior ?lm covering ?lm has a tensile modulus 
greater than about 6.9><103 Pascals at 25° C. and 50% 
relative humidity, Wherein the exterior ?lm covering 
comprises one or more of the folloWing: 

[0070] a ?lm; 

[0071] (ii) a ?lm segment; 

[0072] Wherein the vibration attenuating material sur 
face is at least partially enclosed by the exterior ?lm 
covering; 

[0073] Wherein an inner surface of the exterior ?lm 
covering substantially conforms to the surface of the 
vibration attenuating material that it is at least par 
tially enclosing; Wherein at least a portion of the 
surface of the enclosed vibration attenuating material 
has a three dimensional shape; 

[0074] (c) optionally one or more interior ?lm divid 
ers, Wherein each interior ?lm divider has a tensile 
modulus greater than about 6.9><103 Pascals at 25° C. 
and 50% relative humidity, Wherein each interior 
?lm divider comprises one or more of the folloWing: 

[0075] a ?lm; 

[0076] (ii) a ?lm segment; 

[0077] Wherein each interior ?lm divider separates at 
least a portion of the vibration damping material 
from another portion of the vibration damping mate 
rial; 

[0078] (d) optionally a layer of adhesive coated on 
one or more of the folloWing: 

[0079] at least a portion of a surface of the 
exterior ?lm covering; 

[0080] (ii) at least a portion of a surface of any 
interior ?lm divider, if present; 

[0081] (iii) at least a portion of any vibration 
attenuating material Which is not enclosed by the 
exterior ?lm covering. 

De?nitions 

[0082] The term “attenuator” as used herein includes 
dampers, isolators, and combinations thereof that dissipate 
vibration energy and/or shock and/or change the vibration 
and/or shock transmitted to a structure that it is used With, 
in or on. 

[0083] The term “attenuating material” as used herein 
refers to a material that provides vibration and/or shock 
energy dissipation and/or shock and/or vibration isolation 
improvement. 
[0084] The novel articles of the present invention over 
come the many shortfalls of current damper designs by 
having the folloWing design and application advantages: 

[0085] 1) An optimum vibration attenuating material can 
be used for a given application, Without the Tg, and thus the 
potential tackiness of the material necessarily being a lim 
iting factor to the design or use of the novel article. The 
novel article design provides for partial or complete enclo 
sure of the attenuating material to limit negative effects of 
using a preferred vibration attenuating material. 
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[0086] 2) The novel articles can be designed such that they 
Will not experience negative “blooming” effects as some 
current dampers do. The exterior ?lm covering may cover 
the vibration attenuating material completely or to a large 
extent and prevent the vibration attenuating material from 
blossoming around the exterior ?lm covering and creating 
contact With an undesired surface. 

[0087] 3) The novel articles of the invention do not require 
a ?lm extending aWay from the attenuating material surface 
to prevent blooming around the ?lm edges as some existing 
dampers use. The current dampers that use a ?lm extending 
aWay from the damping material surface are expensive to 
manufacture, dif?cult to handle, and complex to manufac 
ture. 

[0088] 4) The novel articles of the invention are a unitary 
design. Single piece construction reduces application costs 
as compared to the current tWo-part damper used in many 
disk drives. 

[0089] 5) The novel article of the invention alloWs tacky 
vibration attenuating materials having loW Tgs and/or loW 
crosslinking levels to be used. The novel article can elimi 
nate the problems associated With using the optimum tacky 
vibration attenuating materials for a damper. Previously, 
some dampers have overcome some of the current damping 
material problems (for example the tacky characteristic of 
the damping material at application or drive operating 
temperature), but in doing so they created neW problems by 
using high modulus (high Tg, high cross-linking) damping 
materials Which have minimal stress relaxation and thus 
retain a signi?cant amount of stress When compressed. As 
many applications require stress relaxation, for example, to 
prevent the disk drive cover from being boWed during or 
after the dampers application, the high Tg damper is not 
acceptable for many applications. Plus, the damping perfor 
mance of the damper is less than optimum. 

[0090] 6) The novel articles of the invention can poten 
tially use an optimum vibration attenuating material Which 
may be, for example, a tacky material and minimiZe collec 
tion of contamination, as a signi?cant portion of the surface 
of the article may not be tacky depending on the siZe of the 
exterior ?lm covering. In addition, the novel article may, 
depending on its design, be effectively cleaned by hand or in 
automatic cleaning systems. The current generation vibra 
tion attenuating materials are not easily cleaned and collect 
contamination (dust, debris, etc.) easily as a tacky surface is 
often related to the damping material. As a damper may need 
to be clean to a level suf?cient to meet a clean room 
designation of Class 1 or Class 100, the novel article of the 
invention is particularly advantageous. 

[0091] 7) The novel articles of the present invention can 
use ?lms that act as barriers to components outgassing from 
the vibration attenuating material (examples include unre 
acted monomers, impurities, small molecular Weight reac 
tion components such as alcohols, catalysts such as those 
based on tin or platinum, etc.). The outgassing components 
may have a reduced surface area from Which to escape as 
compared to conventional dampers Wherein the vibration 
attenuating material is not enclosed as in the article of the 
present invention. The exposed areas of the vibration attenu 
ating material can also be signi?cantly less than for the 
vibration attenuating material of a current damper. 

[0092] If pre-outgassing should be needed for the novel 
articles of the invention this also can be accomplished, but 
With the added bene?t that the vibration attenuating material 
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is generally not exposed and thus Will not collect debris if 
outgassed on a convection type air heated oven. The novel 
article design is also less likely to absorb undesirable 
components that the articles may be exposed to during 
cleaning, shipping, handling and manufacture and that could 
outgas at a later time. 

[0093] 8) The article of the invention is easily positioned 
by hand or by the use of a mechanical device such as 
tWeeZers, graspers, etc., With little or no limitation based on 
the type of vibration attenuating material used in the article. 
Automated devices may also be used to position the article 
of the invention. Current dampers can be dif?cult to handle 
and efforts to automate their placement Would require spe 
cial methods to handle a tacky attenuating material. 

[0094] 9) The novel articles of the invention can have a 
plethora of shapes and provide greater ranges for dimensions 
and aspect ratios than knoWn dampers. The novel articles 
may optionally have one or more of the folloWing features: 
holes, multiple contours, ridges, raised portions, ?at sur 
faces, protrusions, convex features, concave features, and 
?aps of ?lm at the article’s edges. These features alloW the 
article to be custom shaped for speci?c applications and can 
alloW the article to have less conventional shapes to aid in 
locating the part for assembly or inspection. 

[0095] 10) The articles of the invention can have up to 
100% of the vibration attenuating material surface covered 
by the exterior ?lm covering, thus improving the oxidative 
resistance of the vibration attenuating material at elevated 
temperature for short times or at medium temperatures at 
long time. The vibration attenuating material may be sub 
stantially or completely protected from oxidative deteriora 
tion (depending on the siZe and characteristics of the exterior 
?lm covering, etc.), and thus is more likely to retain its 
vibration attenuating properties. 

[0096] Oxidation is detrimental in that it can change the 
properties of the vibration attenuating material of the article 
and decrease its bene?ts. The use of the exterior ?lm 
covering can also alloW the use of a vibration attenuating 
material Which is substantially free of oxidation inhibitors 
(antioxidants, for examples The elimination or reduction of 
antioxidants and other chemicals to enhance the thermal 
oxidative stability of the vibration attenuating material used 
in the novel article of the invention can alloW for the use of 
a less costly damping material, a material Which experiences 
less outgassing, as Well as a material Which has a higher 
polymeriZation degree and Which can be prepared via a 
faster reaction compared to those materials Which contain 
oxidation inhibitors. 

[0097] Further, the novel articles of the invention may 
utiliZe ?lms of multiple layers. The multiple layers can 
improve the barrier properties of the ?lm(s) layer. They can 
also provide good conformability to the vibration attenuat 
ing material and also reduce the stiffness of single layer ?lm. 
For example, a ?lm 6 mils (0.15 mm) thick may be stiffer 
than a tri-layer ?lm of three layers each 2 mils (0.051 mm) 
thick, each layer separated by an adhesive layer or otherWise 
bonded to each other With a loWer modulus material. Mul 
tiple layers bonded together via a vibration attenuating 
material may also improve the vibration attenuating ability 
of the article as compared to a single ?lm layer. 

[0098] The use of an exterior ?lm covering Which may 
cover a large portion or all of the vibration attenuating 
material may also lead to increased shearing of the vibration 
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attenuating material in shearing and compression-tension 
modes. Thus improved damping may be achieved by the use 
of the novel article over the conventional damper. 

[0099] Protrusions extending from the exterior ?lm cov 
ering into the vibration attenuating material can also 
improve the shearing effect in the vibration attenuating 
material and further increase vibration attenuation. Aportion 
of the resulting mechanical strain energy in the vibration 
attenuating material is then dissipated in the form of heat. 
The higher the strain energy into the vibration attenuating 
material, the more vibration energy is dissipated from the 
system in Which the article is used. 

[0100] 11) The novel article of the invention may have 
increased environmental survivability With the use of vari 
ous Wear/abrasion, chemically, thermally and radiation (for 
example, ultraviolet or infrared radiation) resistant ?lms 
and/or ?lm segments. The novel articles of the invention 
may have improved resistance to harsh environments such 
as gases or solutions they may come into contact With during 
manufacture or use. These harsh mediums can react With 
exposed vibration attenuating material to reduce the bene?t 
of the article. In addition, reactions betWeen the vibration 
attenuating material and the harsh environment can create 
secondary components that may have a negative effect on 
other materials near the article’s use location. 

[0101] Furthermore, components or agents used in the 
vibration attenuating material manufacture may escape from 
the article and have negative effects on materials near the 
article’s use location. For example, if the vibration attenu 
ating material uses a catalyst that can be leached from the 
vibration attenuating material, it can cause detrimental reac 
tions to occur elseWhere in the area near the article’s use 
location. 

[0102] 12) The novel article of the invention can be 
designed to have a high degree of Wear or abrasion resis 
tance. This improved Wear and abrasion resistance expands 
the article’s use to applications Where the current generation 
dampers are not utiliZed because of concerns regarding 
abrasion or Wear. Wear or abrasion could be induced by 
contact of the article to other objects or exposure to a How 

of material (?uids such as air, Water, slurries, etc.). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0103] FIG. 1 illustrates a partially exploded vieW of a 
disk drive shoWing a location Where a damper could be used. 

[0104] FIGS. 2-2a' illustrate cross-sectional vieWs of prior 
art dampers. 

[0105] FIGS. 3a-3l illustrate top plan vieWs of embodi 
ments of the articles of the invention. 

[0106] FIGS. 4a-4m illustrate cross-sectional vieW of 
embodiments of the articles of the invention. 

[0107] FIGS. 5a-5n illustrate cross-sectional vieW of 
embodiments of the articles of the invention. 

[0108] FIGS. 6a-6c illustrate cross-sectional vieW of 
embodiments of the articles of the invention. 

[0109] FIGS. 7a-7c illustrate cross-sectional vieW of 
embodiments of the articles of the invention. 
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[0110] FIGS. Sa-Sa' illustrate cross-sectional vieW of 
embodiments of the articles of the invention. 

[0111] FIGS. 9a-9a' illustrate cross-sectional vieW of 
embodiments of the articles of the invention. 

[0112] FIGS. 10a-10c illustrate cross-sectional vieW of 
embodiments of the articles of the invention. 

[0113] FIGS. 11a-11b illustrate cross-sectional vieW of 
embodiments of the articles of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Article Shapes 

[0114] The article of the invention, as Well as the vibration 
attenuating material, may have a variety of shapes. The 
shapes may or may not be symmetrical. Examples of suit 
able shapes include but are not limited to those selected from 
the group consisting of polyhedrons such as cubes, rings, 
pyramids, prisms, truncated pyramids, stepped pyramids, 
stepped rectangles, etc., and other shapes such as cylinders, 
cones, spheres, hemispheres, pilloWs, etc. 

[0115] The article may optionally have at least one ?at 
surface Which may be used to mount the article for its 
intended application. This surface typically has an adhesive 
(most typically a pressure sensitive adhesive) coated thereon 
to aid in mounting the article. The adhesive may be coated 
onto any exposed vibration attenuating material and/or the 
outside surface of the exterior ?lm covering that encloses the 
vibration attenuating material. The exposed vibration attenu 
ating material may possess adhesive characteristics itself 
and thus could aid in adhering the article to a surface if 
desired. 

Exterior Film Coverings and Interior Film Dividers 

[0116] The exterior ?lm covering comprises one or more 
?lms and/or ?lm segments of various properties. Likewise, 
the interior ?lm dividers may comprise one or more ?lms 
and/or ?lm segments of various properties. These ?lms 
and/or ?lm segments may have the same or different chemi 
cal compositions, dimensions (thickness, Widths, lengths) 
etc. These ?lms and/or ?lm segments may adjoin, overlay, 
overlap each other, etc. These ?lm(s) and/or ?lm segment(s) 
may be continuous or discontinuous, With or Without per 
forations, holes, and/or slits, etc. LikeWise the exterior ?lm 
covering and the interior ?lm dividers may be continuous or 
discontinuous, With or Without perforations, holes, and/or 
slits, etc. The exterior ?lm covering and the interior ?lm 
dividers, as Well as each ?lm and/or ?lm segment Which 
make them up, may optionally have various degrees of 
surface roughness in order to modify the article’s perfor 
mance. 

[0117] Various ?lms and/or ?lm segments may be used in 
the exterior ?lm coverings and internal ?lm dividers. The 
?lms and/or ?lm segments may be Woven and/or non 
Woven. For example, the non-Woven could be a hot melt 
bloWn micro-?ber of polypropylene and/or polyester. The 
?lms and/or ?lm segments may optionally be porous. Poly 
meric and/or non-polymeric ?lms and/or ?lm segments may 
be used. Examples of suitable polymeric ?lms include but 
are not limited to those selected from the group consisting of 
polyester, polyimide, polyamide, polyethylene, polypropy 
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lene, acrylic, phenolic, polyvinyl chloride, polyurethane, 
polystyrene, ?uorinated polymer ?lms (such as those avail 
able under the trademark Te?on from DuPont), polyvinyl 
acetates, nylon, etc. Useful non-polymeric ?lms and/or ?lm 
segments include but are not limited to those selected from 
the group consisting of aluminum, gold, silver, stainless 
steel, copper, brass, etc. Amorphous polyester is a preferred 
?lm. 

[0118] The ?lms and/or ?lm segments may optionally be 
metaliZed, corona treated, pigmented, provided With a 
release surface, provided With a surface capable of dissipat 
ing static electricity, provided With a re?ective surface, 
provided With an adhesive surface, provided With environ 
mental resistance (i.e. resistance to heat, humidity, chemi 
cals, radiation, and/or vacuum effects, etc.), provided With 
Wear or abrasion resistance, provided With compatibility 
(environmentally, mechanically, and/or chemically) With a 
planned surface that it Will contact, provided With a loW 
energy surfaces, provided With gaseous and/or liquid barrier 
properties, and/or provided With thermal and/or electrical 
conductivity in order to provide an exterior ?lm covering 
and/or internal ?lm divider having such properties. The ?lms 
and ?lm segments may be coated With various coatings such 
as epoxies, Waxes, silicones, ?uoropolymers to impart 
release characteristics or loW energy surfaces to the exterior 
?lm covering and/or the interior ?lm divider. The ?lms 
and/or ?lm segments may optionally be impregnated With 
various materials to modify their properties (such as ?llers, 
toughening agents, colorants, ?bers, particulate, etc.) The 
?lm and/or ?lm segment properties may be localiZed to 
speci?c areas if desired. 

[0119] Different ?lms and/or ?lm segments may be used to 
provide an exterior ?lm covering or an internal ?lm divider 
With different properties. For example, the exterior ?lm 
covering may comprise tWo layers Which can be identi?ed as 
an inner ?lm and an outer ?lm. An inner ?lm may be 
selected to Which the vibration attenuating material readily 
adheres While the outer ?lm of the exterior ?lm covering 
may be selected Which provides better exterior Wear char 
acteristics to the damper (such as scuff resistance). Other 
exterior ?lm coverings are possible. The exterior ?lm cov 
ering may comprise one, tWo, three, four, ?ve, or more 
layers of ?lm and/or ?lm segments. Likewise each interior 
?lm may comprise one, tWo, three, four, ?ve, or more layers 
of ?lm and/or ?lm segments. As another example, the 
exterior ?lm covering may have inner and outer layers 
Which are the same, but a middle layer Which is different. If 
the exterior ?lm covering comprises more than one ?lm or 
?lm segment the ?lms and ?lm segments may optionally be 
bonded together via an adhesive such as a pressure sensitive 
adhesive or otherWise optionally bonded together by other 
means. The same potential for bonding also applies to the 
interior ?lm dividers. 

[0120] Other examples include a three layer exterior ?lm 
covering construction comprising a loW density/high den 
sity/loW density polyethylene construction, a loW density/ 
medium density/high density polyethylene construction, and 
a loW density polyethylene/high density polyethylene/loW 
density polyethylene. One or more of the aforementioned 
?lm layers may optionally be thermally or electrically 
conductive. The exterior ?lm covering may also comprise, 
for example, constructions of polyester/polyimide or acrylic/ 
polyester or polyethylene/polyamide, etc. 
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[0121] The article of the invention may optionally have 
one or more impressions therein in order to aid application, 
assembly or identi?cation of the articles for manufacturer, 
end-user, application, etc. The impressions can be made in 
one or more of the folloWing: the exterior ?lm covering, the 
vibration attenuating material, the interior ?lm divider(s). 
An example Would be an identi?cation logo to identify the 
end user. 

[0122] As mentioned previously the vibration attenuating 
material may be partially or completely enclosed by the 
exterior ?lm covering. When the vibration attenuating mate 
rial is partially enclosed by the exterior ?lm covering 
typically about 50 to about 99 percent of the surface of the 
vibration attenuating material is enclosed by the exterior 
?lm covering, more typically about 60 to about 90 percent, 
and most typically about 65 to about 85 percent. 

[0123] The exterior ?lm covering may optionally have 
features such as protrusions, impressions, etc. These features 
may be on the side of the exterior ?lm covering contacting 
the vibration attenuating material or on the side of the 
exterior ?lm covering not contacting the vibration attenuat 
ing material, or both. These features may impart various 
potential performance characteristics to the article or aid in 
its intended end use. The protrusions can also improve the 
bonding or adherence of the ?lm to the attenuating material. 
Likewise the interior ?lm dividers may have such features 
on either or both sides thereof 

[0124] The exterior ?lm covering encloses the vibration 
attenuating material. A surface of the exterior ?lm covering 
that contacts the vibration attenuating material is considered 
to be an inner surface, Whereas a surface of the exterior ?lm 
covering Which does not contact the vibration attenuating 
material is considered to be an outer surface. Some designs 
alloW for one ?lm to function as an exterior ?lm covering for 
a sections(s) of the article Where it encloses vibration 
attenuating material by only one of its sides but as an interior 
?lm divider Where it is contacted on both of its sides by 
vibration attenuating material. This concept is further 
explained in the discussion of the Figures. 

[0125] Optionally tWo or more of the articles of the 
invention can be joined together by or through their exterior 
?lm coverings. (for example one continuous ?lm may serve 
as part of the exterior ?lm covering of tWo or more articles). 
Optionally tWo or more of the articles of the invention may 
be adhered together either via an adhesive or via exposed 
vibration attenuating material. 

[0126] The adhesive layer can comprise one or more 
layers of adhesive Which may be the same or different. The 
adhesive layer may for example, be fully cured or partially 
cured. Examples of suitable adhesives include but are not 
limited to those selected from the group consisting of 
pressure sensitive adhesives, epoxies, structural epoxies, and 
the like. The adhesive layer may be continuous or discon 
tinuous. 

Vibration Attenuating Materials 

[0127] The term “vibration attenuating material” as used 
herein includes vibration damping materials, vibration iso 
lating materials, combinations thereof, etc. 

[0128] The vibration and/or shock attenuating material 
can include any material that is viscoelastic. A viscoelastic 
material is one that is viscous, and therefore capable of 
dissipating energy, yet exhibits certain elastic properties, and 
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therefore capable of storing energy. That is, a viscoelastic 
material is an elastomeric material typically containing 
long-chain molecules that can convert mechanical energy 
into heat When they are deformed. The viscoelastic material 
can also be designed to have the desired elastic character 
istics needed to provide isolation properties and a loWer 
level of damping than as used in a design Where damping is 
a primary design objective. Such a material typically can be 
deformed, e.g., stretched, by an applied load and gradually 
regain its original shape, e.g., contract, sometime after the 
load has been removed. 

[0129] Additives such as ?ame retardants, antioxidants, 
?bers, anti-static additives, particulate and colorants can also 
be added to the attenuating material to impart speci?c 
performance features. 

[0130] The viscoelastic attenuating material useful in the 
invention can be a thermoplastic polymer or a thermoset 
polymer or combination of both fully or partially cured. 
Thermoset polymers, While useful as viscoelastic attenuat 
ing materials, are used less often than thermoplastic poly 
mers due to their loWer effective temperature range of high 
damping. Preferably, the viscoelastic attenuating material is 
a thermoplastic polymer, such as an acrylate. 

[0131] Suitable viscoelastic materials for use in the vibra 
tion attenuating materials of the present invention have a 
storage modulus, i.e., measure of the energy stored during 
deformation, of at least about 1 psi (6.9><103 Pascals). The 
storage modulus of useful viscoelastic materials can be as 

high as 500,000 psi (3.45><109 Pascals); however, typically 
it is about 1-2000 psi (6.9><103—1.4><107 Pascals). 

[0132] Suitable viscoelastic materials for use in the vibra 
tion attenuating materials of the present invention that have 
as a primary design goal damping, have a loss factor, i.e., the 
ratio of energy loss to energy stored, of at least about 0.01. 
Preferably the loss factor is at least about 0.1, more prefer 
ably about 0.5-10, and most preferably about 1-10, regard 
less of the frequency and temperature experienced by the 
material. Suitable viscoelastic material for use in vibration 
attenuation materials of the present invention that have as a 
primary design goal isolation, have a loss factor of less than 
1.0, preferably less than 0.3-0.5 and most preferably less 
than about 0.1. An attenuator design material should be 
selected that alloWs the isolation level required to be 
achieved, along With the minimum damping needed to alloW 
control of the desired resonant frequencies ( if the material 
is available 

[0133] This loss factor represents a measure of the energy 
dissipation of the material and depends on the frequency and 
temperature experienced by the attenuating material. For 
example, for a lightly crosslinked acrylic polymer With a Tg 
of about 5° C., at a frequency of 1 HZ and a primary design 
goal of damping, the loss factor at 68° F. (20° C.) and 1 HZ 
is about 1.0, While at 158° F. (70° C.) the loss factor is about 
0.7. As the Tg of a material is also an indicator of the 
potential for the damping material to have a tacky or sticky 
characteristic, especially if the attenuating material is only 
lightly crosslinked, the aforementioned acrylic damping 
material is very tacky at 25° C. 

[0134] Attenuating materials that have high Tgs (Tg>60° 
C. at a frequency of 1 HZ) are knoWn. HoWever, these higher 
Tg materials may have less capacity to add damping to the 
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system at the use temperature (for example, the typical drive 
operating temperature range of 5° C. to 65° C.). Thus, 
attenuating polymers With a Tg greater than 60° C. may have 
limited bene?t for most disk drive applications. Thus, the 
optimum attenuator for a drive actuator application uses an 
attenuating material With a Tg less than about 60° C. (at a 
typical drive operating temperature of 5 to 65° C.) and most 
preferably an attenuating material With a Tg less than about 
45° C. at a frequency of 1 HZ, and most preferably an 
attenuating material With a Tg less than about 38° C. at a 
frequency of 1 HZ. This damper Will tend to be tacky and 
build a strong bond to most surfaces it comes into contact 

With (stainless steel, aluminum, epoxy coatings, etc.) 
[0135] The material selected for use in an isolator design 
that has vibration or shock isolation as the primary design 
objective, Will typically have less damping (loWer loss 
factor) than material for a design Where vibration damping 
is the primary design objective. This is because an 
undamped material is superior to a damped material in 
reducing transmissibility. HoWever, reduction in transmis 
sibility occurs only for frequencies greater than the square 
root of 2 times the natural frequency of the isolator, v. 
Therefore, the material must have an amount of damping 
suf?cient to reduce structural resonant amplitudes for reso 
nances occurring beloW v to an acceptable level. 

[0136] Preferred viscoelastic materials are those that 
remain functional over a Wide range of temperatures, e.g., 
—60° F. (—51° C.) to 600° F. (315° C.). Most preferred 
viscoelastic materials are those that cover the broadest 
temperature and frequency range at the desired loss factor 
and storage modulus to achieve acceptable attenuation of the 
item that the attenuator of the invention is being used to 
damp, isolate, or both and do not experience a signi?cant 
degradation in properties due to long times at high tempera 
tures or short excursions beyond these high temperature 
levels. 

[0137] Useful viscoelastic attenuating materials can be 
isotropic as Well as anisotropic materials, particularly With 
respect to its elastic properties. As used herein, an “aniso 
tropic material” or “nonisotropic material” is one in Which 
the properties are dependent upon the direction of measure 
ment. Suitable viscoelastic materials include urethane rub 
bers, silicone rubbers, nitrile rubbers, butyl rubbers, acrylic 
rubbers, natural rubbers, styrene-butadiene rubbers, and the 
like. Other useful attenuating viscoelastic materials include 
polyesters, polyurethanes, polyamides, ethylene-vinyl 
acetate copolymers, polyvinyl butyral, polyvinyl butyral 
polyvinyl acetate copolymers, epoxy-acrylate interpenetrat 
ing netWorks and the like. 

[0138] Examples of thermoplastic materials suitable for 
use as the vibration attenuating material in attenuators of the 
present invention include, but are not limited to, those 
selected from the group consisting of polyacrylates, poly 
carbonates, polyetherimides, polyesters, polysulfones, poly 
styrenes, acrylonitrile-butadiene-styrene block copolymers, 
polypropylenes, acetal polymers, polyamides, polyvinyl 
chlorides, polyethylenes, polyurethanes, and combinations 
thereof. 

[0139] Useful viscoelastic materials can also be crosslink 
able to enhance their strength. Such viscoelastics are clas 
si?ed as thermosetting resins. When the viscoelastic mate 
rial is a thermosetting resin, then prior to the manufacture of 
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the attenuators of the invention the thermosetting resin is in 
a thermoplastic or uncured state. During the manufacturing 
process, the thermosetting resin is cured or crosslinked 
typically to a solid state, although it could be a gel upon 
curing as long as the cured material possesses the viscoelas 
tic properties described above. Depending upon the particu 
lar thermosetting resin employed, the thermosetting resin 
can include a curing agent, e.g., catalyst, Which When 
exposed to an appropriate energy source (such as thermal 
energy) the curing agent initiates the polymeriZation of the 
thermosetting resin. Particularly preferred viscoelastic 
attenuating materials are those based on acrylates. 

[0140] In general, any suitable vibration attenuating mate 
rial can be used. The choice of vibration attenuating material 
for a particular set of conditions, e.g., temperature, fre 
quency of vibration or shock, balance of damping and/or 
isolation is determined by a particular application. The 
selection of a suitable vibration attenuating material is also 
based on the processability of the material. It is to be 
understood that blends of any of the foregoing materials can 
also be used. 

[0141] The attenuating properties of the vibration attenu 
ating article may be enhanced by the inclusion of an effec 
tive amount of a ?brous or particulate material in the 
attenuating material of the attenuating article. Herein, an 
“effective amount” of a ?brous material or particulate is an 
amount suf?cient to impart at least improvement in desirable 
characteristics to the attenuation material. Generally, the 
?brous or particulate material is used in an amount effective 
to increase the strain energy ratio of a component containing 
the same amount and type of attenuation material Without 
the ?brous or particulate material. Generally, an increase in 
the strain energy ratio of a factor of at least about tWo in at 
least one vibrational mode is desired. Typically, the amount 
of the ?brous material in the viscoelastic material is Within 
a range of about 3-60 Wt %, preferably about 10-50 Wt %, 
more preferably about 15-45 Wt %, and most preferably 
about 30-35 Wt %, based on the total Weight of the vibration 
attenuating material. Typically, the amount of the particulate 
material in the attenuating material is Within a range of about 
05-20 Wt %, preferably about 1-15 Wt %, more preferably 
about 5 -15 Wt %, and most preferably about 5-10 Wt %, 
based on the total Weight of the vibration attenuating mate 
rial. 

[0142] The ?brous material can be in the form of ?brous 
strands or in the form of a ?ber mat or Web, although ?brous 
strands are preferred. The ?brous strands can be in the form 
of threads, cords, yarns, rovings, ?laments, etc. They can be 
dispersed randomly or uniformly in a speci?ed order. Pref 
erably, the ?brous strands, i.e., ?bers or ?ne threadlike 
pieces, have an aspect ratio of at least about 2:1, and more 
preferably an aspect ratio Within a range of about 2:1 to 
about 10:1. The aspect ratio of a ?ber is the ratio of the 
longer dimension of the ?ber to the shorter dimension. 

[0143] The ?brous material can be composed of any 
material that increases the attenuation capability of the cured 
attenuating material. Examples of useful ?brous materials in 
applications of the present invention include metallic ?brous 
materials, such as aluminum oxide, magnesium, or steel 
?bers, as Well as nonmetallic ?brous materials, such as 
?berglass. Generally, high Young’s modulus ?brous mate 
rials, i.e., those having a modulus of at least about 1,000,000 
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psi (6.9><109 Pascals), are preferred. Most preferably, the 
?brous material is nonmetallic. The nonmetallic ?brous 
materials can be a variety of materials, including, but not 
limited to, those selected from the group consisting of glass, 
carbon, minerals, synthetic or natural heat resistant organic 
materials, and ceramic materials. Preferred ?brous materials 
are organic materials, glass, and ceramic ?brous material. 

[0144] By “heat resistant” organic ?brous material, it is 
meant that useable organic materials should be suf?ciently 
resistant to melting, or otherWise softening or breaking 
doWn, under the conditions of manufacture and use of the 
attenuators of the present invention. Useful natural organic 
?brous materials include, but are not limited to, those 
selected from the group consisting of Wool, silk, cotton, and 
cellulose. Examples of useful synthetic organic ?brous 
materials include, but are not limited to, those selected from 
the group consisting of polyvinyl alcohol, nylon, polypro 
pylene, polyester, rayon, polyamide, acrylic, polyole?n, 
aramid, and phenol. The preferred organic ?brous material 
for applications of the present invention is aramid ?brous 
material. Such a material is commercially available from 
DuPont Co., Wilmington, Del. under the trade names of 
“Kevlar” and “Nomex.” 

[0145] Generally, any ceramic ?brous material is useful in 
applications of the present invention. An example of a 
ceramic ?brous material suitable for the present invention is 
NEXTELTM Which is commercially available from Minne 
sota Mining and Manufacturing Co., St. Paul, Minn. 
Examples of useful, commercially available, glass ?brous 
material are those available from PPG Industries, Inc. Pitts 
burgh, Pa., under the product name E-glass bobbin yarn; 
OWens Corning, Toledo, Ohio, under the product name 
“Fiberglass” continuous ?lament yarn; and Manville Cor 
poration, Toledo, Ohio, under the product name “Star Rov 
502” ?berglass roving. 

[0146] Advantages can be obtained through use of ?brous 
materials of a length as short as about 100 micrometers. The 
?bers are not limited in length but much longer ?bers may 
provide insufficient ?ber interface and therefore decreased 
shearing surfaces betWeen ?bers. The ?ber thickness or 
diameter for typical ?brous material ranges from about at 
least 5 micrometers. The thinner the ?ber, the higher the 
surface area of the ?brous material. Thus, preferred ?brous 
materials are very thin. The thickness of the ?ber is also 
dependent upon the desired thickness of the overall damper 
of the invention. Thus, many common ?bers may be suit 
able. 

[0147] The particulate material useful in the invention can 
be in the form of glass and ceramic bubbles or beads, ?akes, 
or poWder, as long as the viscoelastic can Wet the surface of 
the material. The particulate material can vary in siZe and be 
a random distribution or a speci?c distribution of siZe(s) 
Within the practical limits of the attenuator design. Prefer 
ably, the particulate material is on the siZe order of about 0.1 
to about 5 micrometers and more preferably about 0.1 to 
about 2 micrometers. The particulate material can be com 
posed of any material that increases the attenuating capa 
bility of the attenuating material. 

[0148] Examples of useful particulate materials in appli 
cations of the present invention include coated or uncoated 
glass and ceramic bubbles or beads such as thermally 
conductive bubbles, electrically conductive bubbles, poW 
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ders such as aluminum oxide powder and aluminum nitride 
powder, silica, cured epoxy nodules, uncured epoxy nod 
ules, and the like, i.e., those having a modulus of at least 
about 10,000 psi (6.9><107 Pascals), are preferred. More 
preferably, useful particulate materials have a Young’s 
modulus of about 100,000 psi (6.9><108 Pascals), and most 
preferable are those With a modulus of at least 1,000,000 psi 

(6.9><109 Pascals). 
[0149] In addition to ?bers and particulate material, the 
vibration attenuating material of the present invention can 
optionally include additives such as ?llers (e.g. talc, clay, 
etc.), colorants, toughening agents, ?re retardants, antistatic 
agents, antioxidants, and the like. Suf?cient amounts of each 
of these materials can be used to effect the desired result. 

[0150] This invention Will be better understood by refer 
ring to the folloWing ?gures Which are not meant to be 
limiting. 

[0151] FIGS. 3a-3l illustrate various top plan vieWs of the 
article of the invention. FIGS. 3a-3l shoWs dampers having 
rectangular, key-hole, non-angular symmetric, triangular, 
square, star, T-shaped, circular With a central hole, sym 
metrical angular, crescent, irregular, and crescent With one 
circular and tWo rectangular cut out shapes, respectively. In 
FIGS. 3a-3l the exterior ?lm coverings are represented as 36 
to 47, respectively. In FIG. 3h the circular hole is repre 
sented as 48. In FIG. 31 the circular hole cut out is 
represented as 50 and the rectangular cut outs are repre 
sented as 52. 

[0152] FIG. 4a illustrates a cross-sectional vieW of an 
article of the invention comprising exterior ?lm covering 54 
and vibration attenuating material 58, the article having a 
central raised portion With a ?at surface 59 and an adhesive 
layer 56. 

[0153] FIG. 4b illustrates a cross-sectional vieW of the 
article of the invention comprising exterior ?lm covering 60, 
vibration attenuating material 62, and pressure sensitive 
adhesive layer 64. 

[0154] FIG. 4c illustrates a cross-sectional vieW of an 
article of the invention comprising exterior ?lm covering 66 
and vibration attenuating material 70, the article having a 
central raised portion With a ?at surface 69, and a pressure 
sensitive adhesive layer 68. 

[0155] FIG. 4a' illustrates a cross-sectional vieW of the 
article of the invention comprising exterior ?lm covering 72, 
vibration attenuating material 74, and pressure sensitive 
adhesive layer 76. 

[0156] FIG. 46 illustrates a cross-sectional vieW of the 
article of the invention comprising exterior ?lm covering 78, 
vibration attenuating material 80, and pressure sensitive 
adhesive layer 82. 

[0157] FIG. 4f illustrates a cross-sectional vieW of the 
article of the invention comprising exterior ?lm covering 84, 
vibration attenuating material 86, and pressure sensitive 
adhesive layer 89 

[0158] FIG. 4g illustrates a cross-sectional vieW of the 
article of the invention comprising exterior ?lm covering 90 
and vibration attenuating material 92, the article having a 
raised curved portion 91 and a raised ?at portion 93. 
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[0159] FIG. 4h illustrates a cross-sectional vieW of an 
article of the invention comprising exterior ?lm covering 94 
and vibration attenuating material 96. 

[0160] FIG. 4i illustrates a cross-sectional vieW of an 
article comprising tWo articles of the invention joined 
together by their exterior ?lm coverings 104 and 100. One 
article contains vibration attenuating material 106 and the 
other contains vibration attenuating material 102. Adhesive 
layers 103 and 105 is present on the exterior ?lm covering 
104. 

[0161] FIG. 4j illustrates a cross-sectional vieW of an 
article of the invention comprising exterior ?lm covering 
110 (comprising ?lm segments 113 and 115, vibration 
attenuating material 112, and pressure sensitive adhesive 
layer 114, Wherein the article has a triangular cross-section. 

[0162] FIG. 4k illustrates a cross-sectional vieW of the 
article of the invention comprising exterior ?lm covering 
116 and vibration attenuating material 118, Wherein the 
article has a prism shape. The exterior ?lm covering 116 
extends aWay from the vibration attenuating material 118, to 
form ?aps 120. 

[0163] FIG. 41 illustrates a cross-sectional vieW of the 
article of the invention comprising exterior ?lm covering 
122 (comprising ?lm segments 123 and 125) and vibration 
attenuating material 124, having tWo projections (126 and 
128) extending from the top surface of the article at either 
side of the top surface. 

[0164] FIG. 4m illustrates a cross-sectional vieW of an 
article of the invention comprising exterior ?lm covering 
130 (comprising ?lm segments 133 and 135), vibration 
attenuating material 132., having a central projection 136 
extending from the top surface of the article. 

[0165] FIG. 5a illustrates a cross-sectional vieW of an 
article of the invention comprising exterior ?lm covering 
138, vibration attenuating material 140, and pressure sensi 
tive adhesive layer 142 coated against the exposed surface of 
vibration attenuating material 140. 

[0166] FIG. 5b illustrates a cross-sectional vieW of the 
article of the invention comprising exterior ?lm covering 
144, vibration attenuating material 146, and pressure sensi 
tive adhesive layer 148. The exterior ?lm covering 144 and 
pressure sensitive adhesive layer 148 extend to form ?aps 
150. 

[0167] FIG. 5c illustrates a cross-sectional vieW of an 
article of the invention comprising exterior ?lm covering 
152, vibration attenuating material 154, and pressure sensi 
tive adhesive layer 156. 

[0168] FIG. 5a' illustrates a cross-sectional vieW of the 
article of the invention comprising exterior ?lm covering 
158, vibration attenuating material 160, pressure sensitive 
adhesive layer 162, ?lm layer 164, and pressure sensitive 
adhesive layer 166. 

[0169] FIG. 56 illustrates a cross-sectional vieW of an 
article of the invention comprising exterior ?lm covering 
168, vibration attenuating material 170, interior ?lm divider 
172, a different vibration attenuating material 174, pressure 
sensitive adhesive layer 176, and ?aps 178. 

[0170] FIG. 5f illustrates a cross-sectional vieW of the 
article of the invention comprising tWo separate attenuators 
adhered together, the ?rst comprising exterior ?lm covering 
180, vibration attenuating material 182, and pressure sensi 
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tive adhesive layer 184, and the second comprising vibration 
attenuating material 188, exterior ?lm covering 186, and 
pressure sensitive adhesive layer 200. 

[0171] FIG. 5g illustrates a cross-sectional vieW of the 
article of the invention comprising exterior ?lm covering 
202, vibration attenuating material 204, interior ?lm divider 
206, a different vibration attenuating material 208, pressure 
sensitive adhesive layer 210, and ?aps 212. 

[0172] FIG. 5h illustrates a cross-sectional vieW of the 
article of the invention comprising exterior ?lm covering 
214 (made up of ?lm segments 216, 217, and 219), vibration 
attenuating material 218, pressure sensitive adhesive layer 
224, and ?aps 220. 

[0173] FIG. 5i illustrates a cross-sectional vieW of the 
article of the invention comprising exterior ?lm covering 
213 With holes 217, vibration attenuating material 215, 
pressure sensitive adhesive layer 223, and ?aps 221. 

[0174] FIG. 5j illustrates a cross-sectional vieW of an 
article of the invention comprising an exterior ?lm covering 
Which comprises ?lm 226 and ?lm segment 228, vibration 
attenuating material 230, pressure sensitive adhesive layer 
232, and ?aps 231. The exterior ?lm covering is thus a single 
layer in some areas and a double layer in others. 

[0175] FIG. 5k illustrates a cross-sectional vieW of the 
article of the invention comprising exterior ?lm covering 
comprising ?lm 242 and ?lm 248 having projections 249, 
vibration attenuating material 246, pressure sensitive adhe 
sive layer 250, and ?aps 252. 

[0176] FIG. 5l illustrates a cross-sectional vieW of the 
article of the invention comprising exterior ?lm covering 
comprising ?lm segment 254 and ?lm 256, vibration attenu 
ating material 258, adhesive layer 260, ?aps 262, and hole 
261. 

[0177] FIG. 5m illustrates a cross-sectional vieW of an 
article of the invention comprising an exterior ?lm covering 
comprising ?lm segment 264 and perforated ?lm 266 having 
perforations 268, vibration attenuating material 270, and 
structured pressure sensitive adhesive layer 272, having 
projections 273 and ?aps 274 and 279. 

[0178] FIG. 5n illustrates a cross-sectional vieW of an 
article of the invention comprising exterior ?lm covering 
276, vibration attenuating material 278, and pressure sensi 
tive adhesive layer 280. 

[0179] FIG. 6a illustrates a cross-sectional vieW of the 
article of the invention comprising exterior ?lm covering 
282, vibration attenuating material 286, and pressure sensi 
tive adhesive layer 288. Protrusions 284 extend from the 
inner surface of the exterior ?lm covering in a direction 
toWards the interior of the article. 

[0180] FIG. 6b illustrates a cross-sectional vieW of an 
article of invention comprising exterior ?lm covering 290, 
vibration attenuating material 294, pressure sensitive adhe 
sive layer 296, and ?aps 298. Protrusions 292 extend from 
the outer surface of the exterior ?lm covering 290 in a 
direction aWay from the interior of the article. 

[0181] FIG. 6c illustrates a cross-sectional vieW of an 
article of the invention comprising exterior ?lm covering 
300, vibration attenuating material 304, pressure sensitive 
adhesive layer 306, and ?aps 302. 
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[0182] FIG. 7a illustrates a cross-sectional vieW of an 
article of the invention comprising an exterior ?lm covering 
Which is formed from ?lm layers 308, 310, and 312; 
vibration attenuating material 314, pressure sensitive adhe 
sive layer 316, and ?aps 318. 

[0183] FIG. 7b illustrates a cross-sectional vieW of the 
article of the invention comprising exterior ?lm covering 
320, vibration attenuating material 322, vibration attenuat 
ing material 326 Which is different than that of 322, interior 
?lm divider 324 having perforations 328, pressure sensitive 
adhesive layer 330, and ?aps 332. 

[0184] FIG. 7c illustrates a cross-sectional vieW of an 
article of the invention comprising vibration attenuating 
material 334 and another vibration attenuating material 336, 
a pressure sensitive adhesive layer 338, and ?aps 340. An 
exterior ?lm covering is present Which is in some area a 
single layer and in other areas a double layer. The exterior 
?lm covering is a single layer Where ?lm 348 contacts 
vibration attenuating material 334. HoWever, the exterior 
?lm covering is a double layer Where ?lm layer 348 contacts 
?lm segment 344 and also Where ?lm layer 348 contacts ?lm 
segment 346. Film segment 342 Which divides vibration 
attenuating material 334 and 336 is considered to be an 
interior ?lm divider. Thus, one continuous ?lm having ?lm 
segments 342, 344, and 346, in some places is considered to 
be part of the exterior ?lm covering and in others an interior 
?lm divider. Film 348 is alWays considered to be a layer of 
the exterior ?lm covering. 

[0185] FIG. 8a illustrates a cross-sectional vieW of the 
article of the invention comprising exterior ?lm covering 
350, vibration attenuating material 352, ?aps 354 and pres 
sure sensitive adhesive layer 353. 

[0186] FIG. 8b illustrates a cross-sectional vieW of the 
article of the invention comprising exterior ?lm covering 
360, vibration attenuating material 356, a chemically differ 
ent vibration attenuating material 358, ?aps 362, and pres 
sure sensitive adhesive layer 355. 

[0187] FIG. 8c illustrates a cross-sectional vieW of tWo 
articles of the invention joined by a layer of adhesive. One 
article comprises exterior ?lm covering 364 and vibration 
attenuating material 366. The other article comprises exte 
rior ?lm covering 370 and vibration attenuating material 
368. The exterior ?lms 364 and 370 are of different chemical 
compositions. The vibration attenuating materials 366 and 
368 are of different chemical compositions. The exterior ?lm 
cover 370 has an adhesive layer 371 thereon. The ?aps are 
identi?ed as 372. 

[0188] FIG. 8a' illustrates a cross-sectional vieW of tWo 
articles of the invention joined together. One article com 
prises exterior ?lm covering 382 and vibration attenuating 
material 376. The other article comprises exterior ?lm 
covering 378 and vibration attenuating material 380. The 
exterior ?lms 382 and 378 are of different chemical com 
positions. The vibration attenuating materials 376 and 380 
are of different chemical compositions. The articles are 
joined via a multilayer construction comprising adhesive 
layers 382 and 386 and inner ?lm layer 384. Exterior ?lm 
layer 378 has a layer of adhesive 381 thereon. The ?aps are 
identi?ed as 374. 

[0189] FIG. 9a illustrates a cross-sectional vieW of the 
article of the invention comprising exterior ?lm covering 
390, vibration attenuating material 394, ?aps 392, and 
pressure sensitive adhesive layer 396. 














