Viscoelastic DampindPolymers
110-+ 112- « 130-

Technical Data February, 1999

Desciiption/ * 110- Mscoelastic Damping Blymer/Liner
Features —110P02 .002" thik, 58# PCK RBper liner 4 mil thik, DS Silicone

—110P05 .005" thik, 58# PCK Bper liner 4 mil thik, DS Silicone

— Acrylic polymer

— Hed and Pessue required br lamindgion and @plicaion of the 110 to a subate
— Typical tempeature range for@pd damping pedrmance: 40-10%C

o 112- Mscoelastic Damping Blymer/Liner
—112P01 .001" thik, 58# PCK Bper liner 4 mil thik, DS Silicone
—112P02 .002" thik, 58# PCK Bper liner 4 mil thik, DS Silicone
—112P05 .005" thik, 58# PCK Bper liner 4 mil thik, DS Silicone
— Acrylic polymer
— Pessue useddr laminagion and @plicaion of the 112 to a subsate
— Typical tempeature range for@pd damping: 0-6%

* 130- Mscoelastic Damping Blymer/Liner

—130F02 .002" thik, Polyester lim liner, 2 mil thidk, DS Silicone

—130F05 .005" thik, Polyester lm liner, 2 mil thidk, DS Silicone

— Acrylic polymer

— Pessue alone can be usedrfsome pplicaions to laminge the 130 to a subate, but
hed and pessue ma be equired br accetalde lamindion and @plication results of
the 130 to a substte.

— Typical tempeature range for@pd damping pedrmance20-90CC

Application » 3M viscoelastic damping ppheis 110-, 112- and 130-eadesigned to be used in damping
Ideas applicaions as fee-lgyer dampes, as parof a constined lyer damping design or as paf
a laminae constuction.

» 3M damping polmers hae been usedf constained lger dampes or multi-layer damped
laminaes with a arety of substates, suh as stainless steel, alumm and pofester

* The 3M poymers 110-, 112-, 130- nyaalso be used in vibtion and shok isolaion designs.

» 3M viscoelastic damping pahers ag enhancedf themal staility and ofer excellent
themal stdility and damping pedrmance ér long tem goplicaions @ modeate
tempeatures and alsogplications tha experence shdrhigh tempegiture excusions.

» Market gplicaion aeas intude: automotie, aepnspaceelectical medanical and gneel
industy.

* Potential gplicaions indude disk dive and automote cower constained lyer dampes,
multi-layer laminaes using metals or paheric fims, suspension damgiisoldors, panel
dampes, pipe damper wing dampes, etc



3M™ Viscoelastic DampingPolymers

110- « 112- » 130-
Features Notes:
(continued)

» Applicaion of 3M viscoelastic damping pohess 110, 112 and 13@quire a ¢ean,
dry surface fee of contamirtéon for best adhesion and dampimgults.

» 3M viscoelastic damping pghers 110, 112 & 130 mabe used in@plicaions outside
their sugiested damping temure rang with accptaldle damping pedrmance as
detemined ly the user

» The poymerss long tem perbrmance in an@plicaion is detemined ly the dampey
end use design and thevennment it will be gposed to. Te typical damping
perfomance tempature rangs noted dove ae not limits to angplicaions’ long
term tempeature &posue or sharterm higher tempeature excisions. he dampes
constuction and pplicaion to a subséte will detemine the long and shioterm

Typical Relaive Performance Dda: Three Roint Bending Vibration Test

A three point bending test is a means to complae elative damping pedmmance of a 3M viscoelastic damping
polymer in a thee lgyer laminde design. A lger of a 3M viscoelastic damping poier is placed beteen 2 outer
stainless steel skinsh& laminge is placed into a test system to meashe damping pasfmance of this laminea
constuction & a specit frequeng and @er a tempetture range. A system “laminte loss &ctor” can be deterined
The laminge loss &ctor can alle the 3M viscoelastic damping gohers 110, 112 and 130 to be congwhto one
another or their elative perbrmance atha specifc test fequeng, tempeature and laming dimensional design.

The thee point bending da and the viscoelastic damping ks nomgraph mg be used to gdict the gneral
performance rang®f the 3M viscoelastic damping paters 110, 112 and 13@lative to each other at higher
frequencies in a similar lamiteaconstaction design. A gneral extrapotan to higher fequencies, hich would
shift the tempeture scale on thexesting 3-point test gph, can be doneytestimating from each polymer’s
nomogrgh the shift in tempeture (delta) theoccurs vinen the pgimer goes fsm the thee point test &#quency
(ex: 1 Hz) to a higher &quency thiethe viscoelastic damping goher may bexgosed to in a similarus higher
frequency application. The temperatshift is bund ty maintaining the same Losaétor (Ex: LF=1 @ 1Hz &
5°C) and shifting the &quenyg to the desied lewel (Ex: fom 1 Hz to 1 KHz) and detmining the tempeture
delta (Approximately 40-60°Qf 110 viscoelastic damping gater).

Laminale (35PolymerfS3) 3-Point Vibration Bending Test
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Nomograph

The 3M viscoelastic damping pohers 110, 112 and 130 dampingperties are shn in the “leduced
temperature format” nomograph. The nomographvshbe viscoelastic damping goters Loss Factor and
Storage Modulus br various fequencies and temgeures in a singlemgph. The Shear (Stage) Modulus and
Loss Factor are intensive profies of the viscoelastic damping poler alone

The Loss BActor and Stage Modulus ag the ley measuement paametes and detanine the lgel of potential
damping cpability that exists in the 3M viscoelastic damping poiess 110, 112 and 13Q@ a specit tempeature

and frequeny.

The Loss Bctor and Stage Modulus ag found br the 3M viscoelastic damping paters 110, 112 and 130/b
selecting the #quenyg desied of an pplication and e&tending a hdzontal line fom tha frequeng until the
desied pplicaion tempeature isothem is intesected Extend a ettical line from this frst intesection point of the
desied frequeng and tempexture isothem so thait intersects the Lossdetor and St@age Modulus cures. The
Loss Factor and Stage Modulus lues ae found on the left hand scalg bxtending a line hozontally from
these second intggction points on the Losaétor and Stage Modulus peldrmance cures.

112 Sample Nomograph
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Nomograph (continued)
110 Sample Nomograph
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Typical Total Outgass Maerial by GC/MS (Modified ASTM 4526)

110P02-5-30ug/cn# (Hydrocarbons, @anic acids, estsr alcohols, agtates, acets, etg
112P02-10-3Qug/cn% Hydrocarbons, @anic acids, estsy alcohols, agtates, acetas, etc)
130F02-10-3@Qug/cn? (Hydrocarbons, @anic acids, estsy alcohols, agtates, acet®s, etc

Typical Total lonics by lon Chromatograph

110P02-<1 pg/cm (Chloride, Nitrate Sulfate)
112P02-<1 pg/cm (Chloride, Nitrate Sulfate)
130F02-<1 pg/cm (Chloride, Nitrate Suliate)

Typical Performance \alues used in kite Element Analysis (FEA) of Damping Applications
Poissons Rio for 110, 112 and 130istoelastic Dampingdtymers: Approximatel 0.49
Density br 110, 112 and 130i&€oelastic Dampingdymers: Approximatel 0.9-1.0 g/cc

Typical 90-Dggree (2-mil Aluminum ba&ing @ 12" or 1"** min. peelate: ouncé/2 inch width)
Peel Daa*

3M Viscoelastic
Damping P olymer SS @ 15 min. RT SS@ 72 Hr RT SS @ 72 Hr 158°F
110P02** N/A 44 61
110P0O5** N/A 19 48
112P01 22 38 45
112P02 28 50 65
112P05 36 72 105
130F02** 19 40 33
130F05** 27 56 49

Note: *Peel test esults will \ary due to substte type and condition, bking material properties and
the speed of the test set-upstresults maalso be shdg in release fsm a subsate due to the
storage modulus and bondaracteistics of the polmer to a subséte and the test conditions.

Typical Liner Release \alues (180 dgree Liner removal)
110P02 - 21 glirttwidth
112P02 - 26 glirtt width
130F02 - 23 g/int width

Viscoelastic Damping Blymer Application Instr uctions

In mary goplicdions of the 3M viscoelastic damping paler 112 to a congtning layer or subshate the 3M
polymer 112 needs onbressue to povide adequie bonding aroom tempeaiture (2 C). The 110 pofmer
requires hetand pessue for adequie bonding conditions.fle 3M poymer 130 6r some pplicaions needs ol
pressue for an adequea bonding 821°C, while mary gpplicaions using the 3M pgmer 130 equire heaand
pressue for an adequa bonding

For high stain gplicaions and/or some satde types, the damping polers may eéquire an aditional surbice
attadiment means, sh@s a sugce pimer or gooxy bonding méeiial to povide an adequa bond to a suste.

-5-
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Viscoelastic Damping Blymer Application Instr uctions (continued)

» Surface Peparation

For an accptalde bonding of the 3M viscoelastic dampingypuokrs 110, 112 and 130 to a [ané€ it is necessgr
for surfaces to be grand fee of ay wax, geasedust, dit, oil, scale or another contaminants or loose oeakly
attadied suréice fishes or caings. The impotance of contaminien free surfices cannot bever emphasid.
Typical deaning solents like isopppyl alcohol or hptane can be usellore aggessve solhents mg be needecdor
difficult to remowe contaminges.

Note: Caefully read anddllow marufactuer’s pecautions and dkctions br use vihen using keaning solents.

Extremel contaminged surfces mg require special tiention. Sanding orrgnding will remowe heay
contamingion. Follow with a sohent wipe as indidad dove Sandlasting and gnding to fnish should be done
ONLY on surfices completglfree of oil, geasewax, silicone-based rwials or other aganic esidues.
Sandlasting and gnding can dwe or push oils and othexgidual meerials into the subsdte surice leading to
adhesion&duction or bonddilure of the pafmer after an initial bond is madeandiasting and gnding should be
done with megeiials tha do not lese a esidue or gt remaining on or in the sae.

Note: Wear gpropride pesonal potective equipmentdr sandlasting and gnding opeations.

» Surface Type:

The 3M viscoelastic damping goher 110, 112 and 130 wilbfm gpod bonds Wwen popelty applied to mawg high
surface enagy maerals. Maelials with a surdice enagy belov 100 g/nes/cré should be tested to dateine if a
suiteble derelopment of an adeqigabond 6r a gven end usepplication will occur

* Application

The 3M viscoelastic damping goher 112 is teky at oom tempeature 70F (21°C). The 3M poymer 112 equires
only rolling or squegeeing methods tqply pressue to the 3M pgimer 112 to makan adequa bond to a
contamindion free suraice Air entrapment should bevaided to ensr a @od bond

A good method is tarst atad one edg of the damping nterial and/or damper to the sulagt then gaduall lower
the damper onto the sade aan angle (30-9) while contirually goplying uniform pressue to the damper of 10-15
psi (6.9-10.3 x @* pascals). A squeee or vood/iubber pller will help maintain unifrm pressue acoss a wide @a.
Every effort must be made tovaid air entepment vhile placing the damping peher and/or damper on to a sudtstr

The 3M poymer 112 bond will typicayl build with time or &posue to higher tempature.

The 3M damping pgimer 110 iselatively tadk free 4 room tempeatue 7CF (21°C). Hed and pessue ae
required to bond to a swa€e A sugested bondingycle is fve (5) to fiteen (15) mimtes €200-225F (92-107C)
with 10-15 psi of pessue. The subsate and damping pgmer and/or damper shoulelad the tempeatue and
time range sugested ér best bondingasults. hie dvell time sugested isdr the entie assenllg a bonding
tempeatule and does not ihde wam-up time A hed lamp or heegun mg be used to am the substte to
100F (38C) or dowe to malke the 3M paofmer 110 taky enough to stain position until the asserhhis placed
into a fxture to gply the needed bondgssue while being heted in an air ctulaing oven or other héang means.
Vacuum pad@plicaors have also beeround to be usefubf laminding flat panel sheets.

The 3M viscoelastic damping poher 130 is sonveha taky at nom tempeature (2°C). The 3M poymer 130
may be dle to be aplied with the 3M pgimer 112 pplicaion sugyestions to some subates and damper designs
with accetalle bonding esults. Most jpplications will require the 3M pamer 130 polmer to be bonded with the
110 aplicaion sugyestions ér best bondingasults. Edg goplicaion surfice needs to be tested to deiae the
best aplication method ér the 3M poymer 130.

The viscoelastic damping poher silicone elease liner is not intended to betpdran end usepplicion.

Pressues aboe 50 psi (3.45 x 105 pascals) should wded br 3M polymers 110, 112, and 130 bonding
Tempeatures abow 250F should bewided Air enttapment should bevaided to ensué a gpod bond

For high stain gplicaions and/or some sate types and/ortvere gometic design estictions limit the dility
to meet the desid pessue and tempeatuie bonding equittments, the damping pohers may equire an
additional surfice tachment means, sh@s an paxy bonding mgerial to provide an adequa bond to a suate.
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General Damper Design Inbrmation

Most gplicaions use the 3M viscoelastic dampingypoéis as parof a Damped Metal Lamite (DML = #1
metal or plastic iger/\Viscoelastic Dampingdtymer/#2 metal or plasticyar) formed into aihished aticle (valve
cover oil pan, backets, etc) or as parof a Constined Lger Damper (CLD = Constiming layer of metal or
plastic/viscoelastic damping poher) tha is ataced via the 6coelastic Dampingdtymer layer to a stucture to
be damped (car door panels, diskelicovers).

« Selection of a scoelastic Damping Blymer

The selection of a 3M viscoelastic dampingypuér can be accomplisheg detemining the opeating
tempeature and fequeng ranges of the pplication théa is desied to be dampedhe tempeatule and fequeng
ranges ae used with the Nongwaph to detemine which polymer has the most optimal paerhance (high Loss
Factor and high Stage Modulus) ger the tempeture and fequenyg range of the aplication. Some pplicaions
may lequire one or ma viscoelastic damping paher types in a miti-layer design to ensearaccetable
perfomance aall tempeatuie and fequencies of arpalicaion.

» DML Design Information

Based on the tempuie and fequenciesange of the @plicaion, an initial 3M viscoelastic damping pater can
be selectedThe metal or plastic yeers of the DML ae selected based on thetistadynamic and/or acoustic
requirements of the DML gplicaion. Excellent damping occsimhen the metal or plasticyjlars of a DML ae
equal in eerall effective modulus. Br the same metal or plastic type being used in a DML design, diisl w
equde to equal thiknessesdr eat metal or plastic kzer.

When the same metal or plastigdatypes a used in a DML, thehang in the atio of the thikness of the lgers
to ead other effects the verall damping in the DML and DMEtiffness. As a ler becomes a psgntae thidker
than the another metaler, while the DML maintains a constantarall thickness, the sfifiess of the DML
increases Wile the werall damping iseduced as is shm in the bllowing graph of the “Typical Efect of the
Relative Thikness of Sameype Metal Lgers in a 3 Lger DML”". This gaph wuld be associad with a typical
three lgyer DML design with a viscoelastic damping yoler thikness of Bout one mil and fele the &tio of the
metal layers combined thikness to the thigess of the iécoelastic Dampingdtymer is in theang of @out 20:1
to aout 50:1.

The thikness of the viscoelastic dampingysokr layer in DML design is typicajt one to ive mils with the most
typical thickness ange being one to tavmils.

Very large displacement DML designed dampty be used in high sin gplicaions and isolor designs in a
DML configuraions ma use signitantly thicker viscoelastic dampingplymer lasers.

TYPICAL EFFECT OF THE RELATIVE THICKNESS OF SAME TYPE
METAL LAYERS IN A 3 LAYER DML
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General Damper Design Inbrmation (continued)

* CLD Design Information

Based on the tempauie and fequenyg range of the g@plication, an initial 3M viscoelastic damping yaher can
be selectedThe metal or plastic Yeers of the CLD ag selected based on theyaee of damping and/or acoustic
perfomance needed in thpglicaion. The CLD is typical}y not designed to be a cabtitor to the stic or
dynamic stuctural requirements of the end uspgicaion. The CLD will adl some stihess to a sticture, but
typically a small amount compedl to the strcture it is being pplied to.

Excellent damping occsmhen the constiining layer of a CLD is equal in &dctive modulus to the stcture’s
surface efective modulus thiit is being #aded to and the CLD alsoeers & least 90% of the vilating surfce.
The CLD will follow the basic “Ypical Efect of the Relive Thickness of Sameype Metal Lgers in a 3 Lger
DML” graph with respect to he effective the CLD m# be when a CLD is iached to a strcture of the same
metal type The doser the dective modulus of the CLD is to thefeftive modulus of the sicture surice the
better the CLD maperform. Effective modulus equals the stture or constiining layer modulus raltiplied by
it’s typical thikness.

The typical CLD with an optinmm constaining layer thidkness design eers @out 30-90% of the swate aea of

the actvely vibrating surface of a strcture for accetalde damping pedmance The CLD is typical placed in the

area of highest stin on the suece of the strcture. The surlce aea coered is dpendent on the deee of

damping needed to bdegtive Pr the gplicaion.

Cantilevered stuctures can duieve impioved damping if the CLD is positioned near eslgr theaot of the

stiucture to be in the a&a of highest sin.

The typical CLDS viscoelastic damping paher layer is betveen tvo and tventy mils thik. Most typically two to

ten mils thik. CLD’s with \ery thick Constaining Layers or \ery mugh surices mg use a thiker viscoelastic

damping pofmer.

A typical CLD will cover 50-80% of a vilating surbice, hag a constining layer with an eiective modulus of

30-80% of the strctures vibeting surfice effective modulus and lva a 3M \iscoelastic Dampingd¥ymer thikness

of two to ten mils.

Note: The abowe tednical information and data should be considegd representdive or typical only and
should not be useddr speciication purposes.

For Additional To request additional product information or to arrange for sales assistance, call toll free 1-800-362-3550.

Information Address correspondence to: 3M Bonding Systems Division, 3M Center, Building 220-7E-01, St. Paul, MN
55144-1000. Our fax number is 651-733-9175. In Canada, phone: 1-800-364-3577. In Puerto Rico, phone:
1-809-750-3000. In Mexico, phone: 5-728-2180.

Important Notice 3M MAKES NO WARRANTIES, EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, ANY
IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. User is
responsible for determining whether the 3M product is fit for a particular purpose and suitable for user’s
method of application. Please remember that many factors can affect the use and performance of a 3M
product in a particular application. The materials to be bonded with the product, the surface preparation
of those materials, the product selected for use, the conditions in which the product is used, and the time
and environmental conditions in which the product is expected to perform are among the many factors
that can affect the use and performance of a 3M product. Given the variety of factors that can affect the
use and performance of a 3M product, some of which are uniquely within the user’s knowledge and
control, it is essential that the user evaluate the 3M product to determine whether it is fit for a particular
purpose and suitable for the user's method of application.

Limita tion of Remedies If the 3M product is proved to be defective, THE EXCLUSIVE REMEDY, AT 3M'S OPTION, SHALL BE TO

and Liability REFUND THE PURCHASE PRICE OF OR TO REPAIR OR REPLACE THE DEFECTIVE 3M PRODUCT.
3M shall not otherwise be liable for loss or damages, whether direct, indirect, special, incidental, or
consequential, regardless of the legal theory asserted, including negligence, warranty, or strict liability.
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