wherein said outer rigid nenber and said structural nenbers
have shear noduli greater than the vibration danping

material |ayer(s); and wherein each structural nmenber is
attached to at |east one 5 ot her structural nmenber via
at | east one waepongs el erent, and PCT/US96/69901

wherein the danping el ement(s) are p03|t|oned such that necha-

ni cal energy applied to the danmper structural nenber(s)

is at least partially dissipated by at | east one danping 10

el enent . 3. .The podul ar danper. of claim1l or 2, wherein one or nore
i nner rigid ‘Modubamedampen2andr stprusﬂ.urenudtihnttéﬁisodmetrhe darrpi ng

el ement (117), wher ei n eahr| id 142) in the da

el enent (117) is 15Thepres§gtﬂgye3p%r "r‘%‘rﬂ’ rrﬁgia "é“i)‘?é"ﬁﬁ’é’?s‘is?ﬂ?? by at

| east one | ayepmoftfindividual dampi}ig Blembnte Whith BRI rﬂ&hn@tlﬁfo'tﬁé ddniggbf bhassis. The 4. The
nodul ar danper of claim 1 2, wherein at least one rigid

menber (s) (42 m@ﬂmmpwuweﬁ@mdmmsnmSm@sbmwn&ehﬂdmm 20
ping elenent is separated fromthe vibration danping nmaterial |ayer(s),
(46; 56, 64; 90; 1006) by a l|layer of adhesive (44; 54; 88; '1003).

The nodul ar daBﬁﬁEKHﬁNﬂMMGFTEEHNVENWKmein t he danpi ng el enent (s)

are attached to the_ strugtural npenbers (114,,1 via an attachnent 25

means sel elfed fronknery meﬁqrﬁgowmﬁlwﬂwtm%@f
wel ding (344, giifdings 3rih %ﬁt%rtdv@hefzmﬁ-]ﬁ‘aﬁﬁmﬁh‘éfnﬁtﬁﬁvefnﬁﬁf S So rediice 161

480) and conbi nati ons ther eof
the effect of vibration due to wind, earthquakes, etc. Typically these energy

dissipating dampers comprise a vibration damping material which is bonded directly
to the relatively large structural members of the dampers. These dampers are then
15  positioned in a structure such as a building in a manner to most effectively reduce
the effects of vibmﬁon on the structure.
The following references describe known rion-modular energy dissipating
dampers that can be used in buildings, etc.
Caldwell et al., U.S. Patent No. 3,605,953 discloses a non-modular damper
20  having a viscoelastic layer firmly adhesively bonded to a pair of rigid members
having broad surfaces. Each rigid member has a stiffness exceeding that of 0.1 inch
(2.54mm) steel. The damping unit may be mounted between a supporting column
and a truss in a building structure,
Scholl, U.S. Patent No. 4,910,929, discloses a non-modular damper having
25  astiff component and a flexible component with optional heat dissipation plates
layered into the flexible component. The stiff component(s) is/are typically
connected between the beams or columns of a building or structure to provide
damping equal to or greater than 100% of the inherent damping of the building.
Fukahori et al., U.S. Patent No. 4,761,925 discloses an anti-seismic rubber
30  bearing made up of alternating stiff rigid plates and flexible plates with viscoelastic
properties all bonded together between flanges of thick steel plate. The anti-seismic
rubber bearing has flexibility or low shear modulus in the horizontal direction and is
interpo:v.ed bétween a building and a foundation.
.1-



6. The nodul ar danper of claim | or 2 wherein each danpi ng el ement
(117) has vibration danping nmaterial |ayer(s) (144) with thickness of

about 1.5 nmto about 127 mm 5 7. The nodul ar danper of claim 1 or 2
wherein the structural nenbers are selected fromthe group

consi sting of wobsesiss (708), T beans (702), channel pep@gssnsial €s.,
flat netal plates (114, 116), and tubes. 8. The nodul ar danper of

claiml or 2 wherein l%&?ns%,%%gg ﬁﬁgm%éﬁ(l}‘?’?ﬂq%ig%?sesacyc?iéa)eaﬁ%reig@e danpi ng

el ement are selected Trom roup consi s _ , rods,
pl ates, | beans, ablotbercinerposéithenetenhseambers afiagirecturean Solatelitfrom earthquakes
or.2 wherein the

sections. 9. The nodul.ar.d e f .claim .

structural nmenbefrdnqEment mt'ﬁ%y h@%"‘i{n@%@@"?%#ﬁ%%? SEIpsted e o
shear nodul us atintiaéslead, aluminum, sapep plasticQllbysy®mi igg.eat er than that of the
vi bration danpi ng materi al 10., The nodul ar

| :
danper of cla m 1 or MilesH: BatgntNg, 4@‘&%%&3258@%% gampers cOMpESiBE&Nnt s ar e
stacked upon an %eﬁ“x@iﬁ%ﬂ%ﬁg]’g ?rg@e%m%g?srtri]c f!a(t)erriaét;elwén?ﬁé ﬂhﬁkw and (RP0)

havi ng at | east one o rof c ncor por at ed
therein. 25 skih of B ptructiife 16 be dempél) Mhe dbam b hvd 4 coobsseetional )&, ZpUYI ar
danper is atta- ched via its structural nenbers (810) to secondary
structural menbeRfI-shape. (822) of the structure (800),

wherein the secondar Wyhitd, €08, Watkht /BEH)SI5des&ibes arénefgy @bstrbibig hddbrfbly in
10 which a number of spaced, metallic plate-like elements are coupled together so that
the elements are cantilevered from the upper ends thereof. The upper ends can be
coupled to a floor beam and the cantilevered ends coupled to a column adjacent the

floor beam.

1S SUMMARY OF THE INVENTION
The present invention relates to an energy dissipating damper which utilizes
a damping module (also referred to herein as a damping element) made up of
alternating layers of vibration damping material and rigid members (metal plates, for
example). A modular damper can be formed from the individual damping
20  module(s) by securing the individual damping modules to the structural members of
the damper. The individual damping elements may, for example, be secured or
otherwise attached to the structural members of the modular damper via any
combination of Bolts, dowels, welding, or adhesive bonding, interlocking surface
features, or other fastening techniques. The outer rigid members of the module
25 may optionally be extended, allowing the damping element to be more easily bolted,
welded, or otherwise fastened to the structural members of the energy dissipating
modular damper.
The modular damper approach is unique in that it allows all bonding of the
vibration damping material to the rigid members of the damping elements to take
30 place away from the large structural members of the modular damper (when
utilizing damping modules having two outer rigid members). This offers
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(800) are also attached to primary structural nenbers (816) of the

structure (800). 5 13. The structure (800) of claim 11 wherein the
nodul ar danper is atta- ched via its structural nmenbers (806) to
primary structural nenbers (816) of the structure (800).

WO 97/04193 PCT/US96/09901

tremendous advantages relating to design flexibility, performance testing, customer
service, inventory management, manufacturing processes, manufacturing cost,
quality, production safety/ergonomics, and shipping.
- Dampers are typically tested for enérgy dissipation capacity and bond
5  strength. One important advantage of the modular damper of the present invention - -
v is ease of testing for the energy dissipation capacity and bond strength for each
damping module having two outer rigid members. For most large and heavy
conventional dampers, in order to evaluate the energy dissipation capacity and bond
strength of the manufactured product, the whole damper has to be tested. To test
! 10 the large and heavy final assembly is difficult, expensive and sometimes impossible.
Testing of the smaller damping modules used in the present invention regarding
energy dissipation capacity and bond strength is relatively easy allowing for a larger
scope sampling plan for these performance tests. A conventional damper is not
made up of individual modules which can individually be tested before the final
15 - damperis made. Thus, the large damper itself must be tested. This necessitates the
use of a large machine capable of a large input force in order to test the damper
properties. This large machine is typically a testing unit capable of 200 kips
(9.09x10%kg) to 1000 kips (4.55x105kg) high frequency (1 Hz) excitation at
displacements of up to 1.5 inches (38 mm) or more. This type of apparatus is very
20 rare and both difficult and expensive to operate. The smaller individual damping
elements used in the damper of the present invention may be tested on a relatively
small test unit and require a significantly smaller input force due to their smaller
physical dimensions.
Another significant advantage is the ability to remove and/6r replace the
25  damping modules or elements from the final damper. The damping elements could
be unbolted, for example, from the structural members of the damper once the
damper has been installed in its functioning location (in a building, bridge, etc.).
. Damping elements which are adhesively bonded or welded into the damper via
outer rigid members could also be removed or replaced. The adhesive bonds may
30  be broken down by the use of solvents and/or heat treatment and/or by cutting to

remove-the damping elements. Welds may be ground off or flame cut in order to
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AMENDED SHEET WD 97/ 04193

PCT/ US96/ 09901 More specifically, for a conpl ex danper
design such as a four sided square t ube danper each side nust be
prepared for bondi ng, bonded, cured, and then cl eaned of cured excess

adhesive, if uwedeinsan area tightly constrained by the Pm%g,g,gg;ppi ng
danper structural nenbers. Thus, the preparation of conventi onal

danpers is conpl eémvgqﬁéﬁdampg@m?ﬁr 9\19:}4 r@xrééﬂ%ﬁ %’a% sgiﬁ gr of the

present invention res rovides for
ease of materi al damagédidngng the break down of a;ﬂ)mivedgmﬂm'ttbtr ly:mwtlevf metdssthe cs and

handl f | e f th Di
metal plates. oSO ke odnet pileReR uile, Dy SOFRGPUEIR, 1
sinplified rel at vig®olt®orkwlelsHe ifote tontiientfodremovichnl QP INTREL tsbe datag@® Ther S

of the fini shed danper: These advantages relate to better use of
factory space? i ﬁemmemovalproceqyr oductivity, and less investnent required

for suitable nmateri al {t@?ﬂ&ncbﬁ'% l@&l&gggﬁ&%ﬂmnﬁmatek&%ﬁéﬁg%ng’ tL%g’er

structural parts safe n ou
responsi bl e for i-e;&tce:hént ofjddniaged materialgorestifivess tadjastments frothithe ¢anventivnal t he

final danper 15 coul d then deal wit, Se fJn e part | ogistics.
" addi 11 b, 1 he dHBEE e the JuBiing mptedgh i ppie dhefy rafe St memthred o
shape and  gieZRampér (aAftdld aﬂhﬁasl%ﬁeﬁamglf AedineP cNIBLS'Ss @u.tdaarat ion
of the bondin process mnuc |"er or a conventional danper,

and t herefor égrmtﬂmnrmcbto GOUCOUV‘F‘bdmeeaﬂfthQ)mecﬁwtm‘zmﬂﬂmrsnt The custom

nature of current and G | n.d shapes
of the parts, and theAg&ibggﬁgﬁaeﬁéo o@&(ﬁ%‘g%‘s‘sﬁ‘?f s{se?\ﬁ a}g&]:sgiblse vah%g Fmg
conplicated any demangerdfitheanodular présentirivention vaisbrti dampmgT:hedulesrdaﬂby and

uni queness of past ers have . .cal l.ed, for bonding danpi.ng materi al
directly to a ﬁﬁg? ﬁg 9&1&% og{ep@g%ﬁt&?@pg%@;s&agpn gﬁpgﬁﬂf’Fcant
size. Gven the giebdddodhgibpgeration. Of the danper market, it is inpossible

to predict future shapes and sizes of the 25 structure menbers called for
and thus it hlis been Presmtipithe widely vewysnaqtalleﬂ@rbenwronmenmn 8 saveturelfequigndi ng

process. Even w eFTueld Qﬁm Sdedanper
woul d al | ow one oqau{%h}tae{ge ?Aﬁ& arrpfong noddl e 'ggﬂg‘*fﬁ%uhé‘ﬁc?ewfcg

custom ze the stwuhtatstaaﬂardprddects to meet customer needs. Wth the present

I nvention the danping nent manufacturer .wou he,..opt i..0

provi ding the 30 %‘?tﬁ?j agYaé'Wﬁ g%@”ﬁ“lfd‘h"lﬁ?tﬁ’@t%&"‘?%‘Irreﬂdﬂgg 'lf"gfl on into
the structural nﬁﬁhﬁb@ Sincé Bamping elements are not manufactured for use in a unique

-5- ’

20 damper, they can be stocked in a number of “standard” configurations. These
generic “standard” damping elements could then be incorporated into custom
dampers so that custom damper needs could be supported with generic damping
modules. Only the structural members (structural chassis, for example) would then

-be customized for each project. -

25 Furthermore, the installation of a damping element into the final damper by
bolting, doweling, welding, interlocking surface features, etc., of the element to the
structural members is much simpler than the current bonding process for
conventional dampers. For example, with a conventional damper with structural
members of structural grade steel beams, it is costly and difficult to fabricate such

30 members to the surface flatness required for bonding and they are large enough to

present. challenges during the bonding processes.
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W97/ 04193

PCT/ US96/ 09901 final danper. Thus, one would be able to support a
custom business in a nore cost ef fecti ve manner. The
present invention also can provide the advantage of consistent bond

qual ity betwesrobdhgags bration danping nmaterial and the subst pabgishdnofll Ch
it is 5 bonded. In the present invention the vibration danping nateri al

i s adhered to Mabbmxﬁu@ ﬂnmaiasreﬁdaﬁ?érhes; h Bfa TR Sli&Bsquadener
than the larger structural nbers of nper itself By excluding

the |arge, heavyubedempasgackside pust be prepgm;f@rob%émg,sbomde purgd.andghencal for
danper structur rg:}SE f 0 d(s) made
bet ween the vi b?:i RN '%de{‘&gg @gﬁ’%fn‘k&gm " arec?t%%mﬂ%ﬁe]rs )E@Qt he

danpi ng el enent snﬂwddmgnhmberrmmetumaﬂnbgrscd‘hﬁsr ﬂielpecbaratlon of conventionalAl so, as

ment i*‘oned previ ousl manu ur.e o a tradition da equir
That  the i boat CBPHAIRFPRIBITSUs BIOISES B PYEORF Pt mptalsr GHEPS of e
strugtural rémﬁweﬁu@lf t he danper. In such a circunstance, each.

structural rrerrber nmust preferably be precision machined to a flatness
not greater than 0. othepmmtment(ooabnmydesfmemcﬁmmalhanﬂ@gam@d to the

br at d Sonet
5 Varge port i on Sapd Beef et Rafmasing of sFalles S8R meoB SR aRE. 1 v
the flatness reglemieRts¢miall metil Phitds] maﬂmplwkpﬁbmnmmmssxs greatly
By ut|I|2|ngi t he, present .inventjon, the rigid nenbers of the da

el enent 0 o simplified relative todenling with the 1%5&3 and:heavy sructary msmbers of dgal o)
relatively smal g ﬂedzt&m Oﬂﬁ?é&(ﬁ/?ﬁiaéégr%lﬂg t§f: woq'lfamoﬁa{c? indr much

| ess costly to preC|S|o menbers anpi ng
el ements to t he prainetivityy gndslﬁss rivestmenti required Tdsnmntahlennatenal haﬁdhﬁg phuipimerit

I nvention, the |a and buI structur ers no Ionger ed to be

machi ned to a dé%%lftp?'&f% F%?’yg&ggngdf’%’ﬁ 2R in direct

bonding to respbifsiblé fF fistalin %ond i g'%&hﬁ@'or n%'ﬁule(s) into the ﬁnhlrliaﬁﬂgl‘ tion,
|

smal | er and Ilghter parts (ie o smaller rigid nmenbers rather
than | arger ﬁeaW‘éﬂﬂ?ﬂﬂﬂﬂt"ﬂﬂ’éh‘**@ﬁﬁéﬁ@?ﬂﬁbﬁ@t@t es to inproved safety in

production. Automati g:gndgﬁ}r%ﬁtpgg&%%@’%ge&%%ﬁé .cL&lsEJﬁ?aMrg&uYtaﬁgghape

ergonom cs of
- 6- and size of the damping module rigid members makes automation of the bonding

process much simpler than for a conventional damper, and therefore much more
feasible from a cost standpoint. The custom nature of current and past dampers, the
20  unpredictable size and shapes of the parts, and the bulk of many of those parts has
greatly complicated any consideration of automated production. The variety and
uniqueness of past dampers have called for bonding damping material directly to a
large assortment of structural members of significant size. Given the custom nature
of the damper market, it is impossible to predict future shapes and sizes of the
25  structure members called for and thus it has been prohibitively expensive to
automate the bonding process. Even with a custom designed damper, a module-
- adapted damper would allow one to automate the damping module bonding and still
customize the structural members to meet customer needs. With the present
invention the damping element manufacturer would have the option of providing the

. 30 damping elements to a contractor for installation into the structural members of the
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WD 97/ 04193

PCT/ US96/ 09901 The present invention thus provides a
nodul ar danper conpri si ng: two or nore structural nenbers and
at | east one danpi ng nmenber sel ected fromthe group consisting of

danpi ng el enrernwégjmaeanpi ng el ement stack(s), and 5 conbi pet st
t hereof, wherein each danpi ng el enent independently conprises:

(1) two outer ﬁﬂaﬂﬂﬂndﬁ? MPRsSS one would be able to support a custom!businessin 4 aflcostne

| ayer of aV|brat|on anpi ng materi al between the two outer rigid
menber s; effective manner. ™ (i) optionally one or more inner rigid
menbers, posi ti oned e ng{ h itentibiPetld Vin Phivide the &vin Asistéfi86md N each
rigid menber in the I ng el enent separated fromanother rigid

menber by at | eagtalityrbetwern the \diratmrtﬂampmmm:tbandghe substrateto whichit is and
[ ti I f th
erber (5) _and vi e o Bt erbrent ey e rdiyE oBpine fatdedfis a1, o o

each danping el egiilier §gid flembergiof the damping modulePrathef!tham titdarger struct@fabTENt S
attached together; wherein said outer rigid nmenbers and said

structural membemembgssiofthe dampenitpelf By exclpdigg the sbénee\y}and%wkp‘fagﬂ:ent have

shear noduli gre rclﬂﬁ’ %rg% ng- er(s), 20
wherei n each str%‘%ﬁ%‘rﬁaapggﬂﬁr%%mﬂ?@%ﬁac g toeg{alpeeg‘g% ong{%’?h tructural
menber via at I eprotesg) ke btmd(s) mgderbetivesn, thaviblranon damping materialiand ngld t he

danpi ng nenb | oned .such t chani c ene appl i ed
to the darrpe ’%’E@?"lﬁ?gﬁﬁﬁé 3MRing elsment capy qg\g mpre ree V|°9'“&19'§§| pated by at
| east one danpi Algo, 46 fefitioned previously, manufactureTcﬂ'Q thaditionyy dagiperaelins
danper of the invention although nore vant ageous than caonventi onal

danpers is |ess %ﬁhﬁ?ﬁ@&%ga‘?ﬂi%mﬁw&?%@éﬁ ﬂﬁgcﬂy to the lyrgepaictusal ¢ he
i nvention due t%&t%eré‘éﬁh@ﬁmﬁﬁzgpgpﬁcﬁk Eiftafsfanide, BN sHEcRA! the nﬂﬂf er

rigid menber. 30 anpi ng el enents are nore lcult to
repl ace due to tma"efa&lytbemtstonmachmudmaﬂatrmsmotmammlpm@mobri al layer is

?O?ded to a ?St r u@tﬁth%lm)ri}e{m Gleas él bebonded to the vibration damping material. Thisis a
very costly process. Sometimes, a large portion of the structural member has to be

removed to achieve the flatness requirements, significantly weakening the member.
By utilizing the present invention, the rigid members of the damping element
are typically selected to be flat and rectangular and also relatively small in

20  comparison to the structural members. It is much less costly to precision machine
the rigid members of the damping elements to the necessary specifications. Thus, in
the present invention, the large and bulky structural members no longer need to be
machined to a desired flatness since they are no longer involved in direct bonding to

_ the vibration damping material. -

25 In addition, smaller and lighter parts (1.e bonding to smaller rigid members
rather than larger heavier structural members) translates to improved safety in
production. Automation would contribute further to the safety and ergonomics of
bonding the damping modules.



WD 97/ 04193

PCT/ US96/ 09901 testing of individual danping elenents for such a
danper is nore difficult since a danper/structural nmenber unit wll
preferably need to be tested together. The present invention
al so provi dewegonoaosnd nodul ar danper conpri sing: PCT/USHO/IO@I NOTre

structural nenbers and at | east one danpi ng nenber selected 5 fromthe
group consisting of first danping elenent(s); wherein each first danping

el ement independently conpri ses: (1) one outer rigid
menber ; " The present invéxitlo)l thusmmasarmdda;aedamﬁeﬂcbdnpﬁsidgan darrpi ng

mat er i aI attached to the er [’i nber, and optggﬁnal | ayer
of adhesive on the EWQIB”BP"etSHE‘“B %’gé‘i‘dﬁ ast Qe damgingm *g
material |ayer ghgy oflftinl 8F ity Adrbir(s ] AR hg clement d

(i)Y opti onaFfoy %ﬁgﬁ;‘? crmre I nner p?’fggl d rre ﬁ %sfrtnf%r?teack(s) o bet ween

the outer rbBgi MMWSMdemhﬂmpng#mtbn erslentioenpiprigesoat er i al
Wherein each rigid mermbep,in the first dang)l ng element is separated from

anot her rigid menb® pyRoutE gl Memders e of vibration danping
material; 15 (i) at(lea\st)one I?Bibmbrhﬁoxﬁddnﬁﬂr%ﬁﬁﬁknabet%&?ﬂkve

bet ween any of the rigid s) and vibration danping nateri al

| ayer(s); two outer nigid sembeys; | onal Iy one or nore danpi ng menbers sel ect ed

fromthe group Conﬁﬁ)ssﬂgﬂﬂlaﬁymﬁ %‘at | 0 Eﬁﬁ&%?&)glg%’ned%ﬁm&d

danpi ng el ement stack(s)
wher ei n eadh s&cﬂn@uwamgndngembemmmeremmdémxdmmbpr mdlq:dampm element is
(1) two outer

aver of a vi breRareti TEm ARG isipember byt e ons, ever Sf VBrasiqnampirg, g °"°

menber s; material; and (iii) optionally one or nore |nner rlgid
nmenber s, - posi ti oned ’25 interior to the outer rigid nenbers, wherein each
rigid nember | n t he danp(ivigoptionally alayanishof sdbesivshatvesco @ny ofthe tgidt her ri gi d
menber by at danping material; and
(1v) optiona %ﬁ’ %}griiéségnogpa%@ﬁégﬁg\?g&blg‘a@én any ofthe rigid

menber (s) afd vi br at;vhermncbndpﬂangamgﬁmanaktwmmmse)s twd®r more damping wher ei n
each danpi ng el enent st coppri ses two or mor e danpi ng el enent s
attached toget fisments atiac %egt"ge

wherein said outer rigid members and said structural members and said i inner
rigid member(s), if present, have shear moduli greater than the vibration damping
material layer(s),
20 wherein each structural member is attached to at least one other structural
member via at least one dampmg member, and
wherein the damping member(s) are posxtloned such that mechanical energy
applied to the damper structural member(s) is at least partially dissipated by at least
one damping member. -
25
The following modular damper of the invention although more
advantageous than conventional dampers is less advantageous than the preceeding
. damper of the invention due to the use of damping element(s) having only one outer
rigid member.
: 30 Such damping elements are more difficult to replace due to the fact the

outer vibration damping material layer is bonded to a structural member. Also,
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WD 97/ 04193

PCT/ US96/ 09901 wherein said outer rigid nenbers, said
structural menbers and said inner rigid menber(s), if present, have
shear nmoduli greater than the vibration danping material |ayer(s);

and wherein eaGo$yhed ural menber is attached to at |east ongc-pi86n9e0
structural nenber via at | east one danpi ng nenber, and \/\;1

t he danpi ng nenb |oned such .t hat cham cal ray.

appl 64 1ot he daras oL HyREShmbRE Hskithi o hen {EFRR tsm%e?ﬂiﬁ"ﬁyﬂ"?gsipated
by at |east damper/sﬂmm'railgmenim‘nmit will pieferablphtieifto bifesind t?)EbﬂN OF THE

DRAW NGS 1|LIusIrﬁiesa I de el evat.i.on vi ew of . one
enbodi ment of a danpi ng resent InYENtioR afso provides a;seeond modulact an@gﬁﬁcgpprgplgt he

present invention.  two ormore struEth&l m%mbérk'dﬁd it%ﬁﬁo@ daimpifg flefibaf deRBRE Vi ew
of anot her danpi ng el enent usef ul : in the nodul ar danper ofthe present

i nvention. 153 from the grqcmgon&tmg offinst damping-elemeant(s) whergini eachofirst dampingf

anot her enbodi rre dentldar}rp' ng. el enent useful in the nodul ar danper

of the present ?‘fpen y COmprses: g. 4 illustrates a cross-sectional
vi ew of anot her enbodl nment (ipf aoniam:&rm@dmemberel ement useful in the nodul ar
danper of the present i nvent I on. dg o illustrates a side

el evational view of anot hefi)entARuisriayepef vibration maleriaf attached todB% ul i n
the modul ar da”p%téhgfdhﬁenﬂfef%ﬁ@%idﬂ}(m 189& of adhesxve on the side E#’ ﬂﬂe oﬁter lafy{er

illustrates a cross-séctional vie npi ng el enent use
modul ar danpdf ofof vibwmtion demaping materaltlayenfarthest from the outer ri‘gugmeﬁhbcrl I ust rates a

cross-sectional view of an.ganbodi.ne fthe

‘nvention. 25 71 G55 “Sebfll o8 of maReae sig membshHRGPae) of

anot her enbodi nerbktwekn theBRer kigid member aiihi® BiiteOlaydr b€ vibAYen ddriping matenal

Fig. 9 illustrates a cross- sect I.onal _view of _anot her, enbodi nent of a

modul ar darfhereingack Fgidimembst in dhe first damping element is;sgparates from gagtheit es a

cr 0ss- sect | onal ¥igh ek BP b edst SR BFibrafibn darifing milBiHhY] 27 danper of the
15 (iv)  optionally a layer(s) of adhesive between any of the rigid

member(s) and vibration damping material layer(s);
and optionally one or more damping members selected from the group
consisting of second damping element(s), second damping element stack(s), and
combinations thereof: '
20 wherein each second damping element independently comprises:
' O two outer rigid members;
(ii)  atleast ohe layer of a vibration damping material between the
outer rigid members; )
(iii)  optionally one or more inner rigid members,-positioned
25  interior to the outer rigid members, wherein each rigid member in the damping
element is separated from another rigid member by at least one layer of vibration
damping material; and
(iv)  optionally a layer(s) of adhesive between any of the rigid
member(s) and vibration damping material layer(s);
30 wherein each damping element stack comprises two-or more damping

elements attached together.
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PCT/ US96/ 09901 Fig. 11 illustrates a cross-sectional view of
anot her enbodi nent of a nodul ar danper of the invention.

Fig. 12 illustrates a cross-sectional view of another enbodi ment of a

nodul ar danpeky@érdafg | nvention. 5 Fig. 13 ill ust{,é.}/g@ﬁ,;o'?de

el evati onal view of another enbodi nent of a danpi ng el enent useful in

t he nodul ar danper of, the_i.avention. . Fi 4 illustrates a
cross-sectional vi evyv%ﬁ‘re"éﬁ%‘?ﬁ’gt?t%gﬁpﬁgﬁ’tsagfmgaum ‘“°‘%8%’ a‘l“#‘lﬁ' &ftent
useful in the nigldhembelgs)nie presdnt,iHace sheaandduligreater than the vibration fangjsing 15a- e

illustrate plan vie of different enbodinments of danping 10 elenents
useful in the nB#gN3llays4®hers of the invention show ng fastening hol e

| ocat i ons. and wherelrl &4%h sth@Rurdl sértti? IsaRbchel LAk RSP difierl 11 o1 et
enbodi nents of danping el enents useful 1 n the nodul ar danpers of the
i nventi on showi stictuoa sielriber vie htdeastjone dampiriganenmtienasd 15 : Fig. 17

illustrates a top plan viewof a rigqgid nber . of d | ng .el enent

useful in a modul ar 'éﬁ’e(ﬁlf‘"‘?wg qeﬂ@gﬂgsaaﬁposmonef‘sucﬁ%{m llgf'ﬁ‘.r“reefg"gy

illustrates an @f’})ﬁed:tb(}l_i&da?ﬂﬁ? stAitadralMhébeR( ) i@ﬂﬂ&é&_ﬁparﬁmg%ldsma b9kt Rast
of the invention. Fig. 19 il

nmodul ar danper . 'ustrates an end
cross- sect i onal Ongidamping meAbeRer enbodi ment of a 20 nodul ar danper of the
i nvention. Fig. 20 illustrates a side elevational view of a
bui l di ng bay with a nodul ar danper of the invention shown in section.
Fig. 21 illUstrBREF DERCRIPTIONOF THEDRAWINGSnper of the present invention

versus the displacenent.of one qQf the . dappi ng_ el enents. 25 ) Fig.
25 i1lustrates the (5L IRSEREAS éﬁ«aae@mﬁw%fave%n%ﬂémpfmsmgofme

present inventi@énent useful in a modulardathpercitthé prestht i‘h@énﬁé an el evational view of
a portion of a danping el enent subj ect to buc PI ng. Fig.

23b illustrates a sikig 20tustmates a sids ielsvational dixiv) ofmhotherdanibig elenineusefilo 30
buckl i ng. in the moquAQd%‘)g'Abé?lge_ presgnt if‘Yeﬂ'g

PCT/ US96/ 09901 Ptates a side cross-sectional
vi ew of anotsher enbdig. Balhistrafes a side elevationsi didwanf atlethircembollinidne of 1vent i on.
Fig. 25 illust ré;\t es a.,side e vaLi ongl v& ew of _anot her_ enhodi nent of a
amping element u. i the modular damper of the present inveniton.
Fig. 4 illustrates a cross-sectional view of another embodiment of a damping _
element useful in the modular damper of the present invention.
Fig. 5 illustrates a side elevational view of another embodiment of a
20  damping element useful in the modular damper of the present invention.
Fig. 6 illustrates a cross-sectional view of a damping element useful in the
modular damper of the present invention.

Fig. 7 illustrates a cross-sectional view of an embodiment of a modular

damper of the invention. -
25 Fig. 8 illustrates a cross-sectional view of another embodiment of a modular
damper of the invention.

Fig. 9 illustrates a cross-sectional view of another embodiment of a modular
damper of the invention. '
Fig. 10 illustrates a cross-sectional view of another embodiment of a

‘ 30 modular damper of the invention.



nmodul ar danper of the invention. 5 Fig. 26a illustrates a plan

vi ew of anot her enbodi nent of a nodul ar danper | of the invention.
Fig. 26b illustrates a side elevational view of the nodul ar danper of Fig.
26a. Fig. 26¢c illustrates a close up elevational view of the
nmodul ar danperw@fbrbd1gs 10 26a. DETAI LED DESCRI PT| @¥ridsosidtho:

| NVENTI ON Modul ar Danper Structural Menbers 15 The

modul ar danper structEy 3l iRRRRe ScrblLESE HiGy Beinsiter EABLIAUR ofa -
variety of fornms. They can be in the formof plates, bars, rods, tubes,

| - beans, vingdular damper of theynveatiothe strai ght, angled, etc. They are
typicall de f . : ) hei
ypically nmade Trom %1%72’2%15%% sac %@ﬁﬁ%ﬁ%@ﬁt&}&mm&& err

al l oys, etc. Althoug e W and | en structural nenbers
of a danper can muaiular darhgerof thelinveptoncal |y ranges from about 4 20 inches

102 to gbout 48] 1224 .m),, typically f bout 6 inch
(153 t0 aBout 24 IR AL uEsHS 444e SrabonCvP AL iR srbargn athocs 11 om

about 6 | nfah@mg elbrdnt MEkful 1 tRORBAulA HBmbaOTaR ivedtien. ") . more typically
from about 12 i305 mm) to about 144 inches (3658 . One skilled in
the art of desi gni ngFig. 14 illustratespcrassssertiomal viry ofzanpthesembmdimant pfi¢ ngs,

bridges. etc. ol aBSi Rt HAEHINIE diper P ARRERRL 20 €1 ¥ Shaped

structural nenbers ul ar eful structural
menbers include but &igs. ISate illustiateqlarni viewsdufiiffesent eabaliméntoof damping t he group
consisting qf structural_ heanms inpclyding "l1! beans, 'T" bgans, annel
beans, angl &9, teipmests ugefuljp madilay dpmpety O%E%mwaaéhowﬁstsm Bl y are
gusset ed. Jocations\O 97/ 04193

PCT/ US96/ 09901 Rigid Menbers . The rigid nenbers which
make up the danpi ng &igsnkdatc iustrateplgnovienescofidifferant embodimengsief dampingf naterial s

dependi ng upon t ' ' ' . f1 10 . e rigid
menber may be f(??k r?rneeg&?" %%@ﬁ%%%@%?gtﬁ%% ?J%F%&L%!Ei? J‘ ﬁ’g‘}W%e éﬁsfs ﬂe)rg vfe(])d-[{%ose
sel ected from t Hecagosup consi sting of netals, such as steel, stainless
steel, co r, al um nu etc.;,.nmetal alloys; plastics;, and woods.
Typi cal | yp!toﬁé rigid M@flﬂf’@te”amp Pkawoof%mﬂy'aﬂﬁ&'éz?f damping QF‘P%Ht such as
steel or stainl gggumsh 8 flodular damper of the invédtfon! | 9i d menber may have a variety

of shapes including but not limted to . .
Fig. 18 illustrates an end cross-sectional view of another embodiment of a

modular damper of the invention.
Fig. 19 illustrates an end cross-sectional view of another embodiment of a
20  modular damper of the invention.
Fig. 20 illustrates a side elevational view of a building bay with a modular
damper of the invention shown in section.
Fig. 21 illustrates the force on a2 modular damper of the present invention
versus the displacement of one of the damping elements..
25 Fig. 22 illustrates the force versus displaceme_nt for a modular damper of the
present invention.
Fig. 23a illustrates an elevational view of a portion of a damping element
subject to buckling. |
Fig. 23b illustrates a side schematic view (model) of Fig. 23a Subject to
30 buckling. ‘
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10 those selected fromthe group consisting of plates (such as curved

pl ates, flat plates, etc.), bars, rods, tubes, T beans, channel
beans, angles, and |-beans. Typically the rigid menbers are in the
formof plates, nost typically plates that are rectangular in " shape.

The rigid nemwosdepast er and inner, if present) as well as tRRrRRGERb1S
structural members typically have a shear nodul us greater than that o t he
vibration darrpmgzh mﬁatmm&be%aﬁhawwom%tMm@n §g§ The
rigid nmenber pically has a shear nodulus at | east times
greater than thd‘!°d81a"§41@°f° the invepfio i on danpi ng material |ayer(s),

preferably at |east HB{éf* f | east about
1000 tines greater, Pﬁoﬁ'nglétgpat&ra?ﬁdre:%?va a ou?wfga ‘?f%%g&)b%@s greater
The ratio of a sriudalarmmsfﬂ:exm/emmorrespondl ng shear strain is called the

shear " nodul ug of a e nd is esent ed bel ow

shear stressg nFit Eéa lhus%'atesa pla(lijgsw pl?x}:rembodlmtp%pgEL pedulasdampery| s it
is ong-third toopfheif@htionds Jreat as Young s nmodulus. For 30 further

di scussi on of shear nodul us, see Mddern University Physics Chapter 10,

pp. 210-219, Addi sonFige2fbeflustrates iasideslsvationgiaisy of the modgladiiper of Fig.

The t hi ckness o? he rigid nenbers can vary dependi ng upon the desired
appl i cation of ﬁe daripi ng el ement. Typically, the thickness of each rigid

me /rrber Fig. 26¢ illustrates a close up elevational view-of Zhe modular damper ofig.

97/ 04193

PCT/ US96/ 09981 26a. ranges fromabout 1/16 inch (1.5 nm to about 2

i nches (51 nm, preferably about 1/4 inch (6 m) to about 2 inches
(51 mm, and nost preferably aboutl/2 inch (13 mm) to about 1 i.nch
(25 nmm). DETAILEDDESCGRIBTION®OBEHE INVENTION n t he fol |l owi ng probl ens
can occur: buckling 5 and/or failing of the rigid nmenber when the rigid
menber is subjected to |large forces. If a rigid nenber is too thick

t he danpi ng mdM@uﬁmaﬂQ@ﬁ,m%bm heavi er than necessary and
require nore_roomin_the ng or other structure in whi ch the
danper is ih3tal | ed. The modular damper styeturabmgmbers refervedctolhersin candaveizyi d nenber s
Comes Vo oy it S5t ey e M ot O S il P01 2
walls, etc. They may be straight, angled, etc. They are typically mide from a metal
such as steel or aluminum or their alloys, etc. Although the width and length of the
structural members of a damper can vary, the width typically ranges from about 4
20  inches (102 mm) to about 48 inches (1224 mm), more typically from about 6 inches
(153mm) to about 24 inches (612 mm) and the length typically ranges from about 6
inches (153 mm) to about 216 inches (5486 mm), more typically from about 12
(305 mm) to about 144 inches (3658 mm). One skilled in the art of (iesigning
energy dissipating dampers for buildings, bridges, etc. would be able to determine
25  the appropriately shaped structural members for a particular use.
" Useful structural members include but are not limited to those selected from
the group consisting of structural beams including "I" beams, "T" beams, channel

beams, angles, tubes, or other structural beam shape. They optionally are gusseted.

-11-



nore typically fromabout 4 inches (102 mm) to about 24 inches (612 nm.
The |l ength of a rigid nenber typically ranges from about 6 inches
(153 nm) to about 96 i nches (2448 nmm, nore typically from about 6

i nches (153 M) to about 48 inches (1224 mm). A rigid menber differs
froma danperwgigrjegiogr al nmenber in that the 15 rigid rrenberpdmg,géggpl Iy
of smaller dinensions than the structural nenbers, in | engt h and/ or
wi dt h. Vi bration Danpi ng Material Layers A vibration
danping material_ |ayer may be continuous or discontinuous. A 20

conti nuous vi brBigiddvemberdi ng material |ayer may conprise one type of

danpi ng mat er | iq mbe@pwar. ﬁﬁké’igﬂ ﬁl%%%pxig g&ﬁ:&ﬂ%ﬁﬂe ﬂ:irx’;:&f ayer

vi bration danpi ng ne eri I'scont| nuous
conprise secti cavarie Mu@d&p&rﬂmgmbonthedesnmdpppl&htuﬂndﬁheﬁmldhmung

t | | ddi t, tt
darmpi ng | 2y < ﬁ%qaég@h‘” % S A s Rt ot it tof S%rem’ 25

danpi ng mat eri alefeted fidntth
covered with a ﬂl(::)ont?E@gh&?s;s'ﬂﬁ%?fl?éﬂf%gpnﬁ%p%tn?rd?%&%ﬁough t he
| ayer (s) may bealummum, ctc.smetal dlloys; piastics; and woods Typuﬂiﬂyethmrizuhmembercmﬁpu ng

mat eri al conpri %gﬁﬁw scogalast I.C. mat scoel astic materi al

is one that is l{cﬁga}tgq oS %Bﬁf}l(’é“&meﬁ% i'pating 30 ener gy,

yet exhibits certai nrt@lﬁgﬁmanwmthﬁsvma@d,m@éﬁﬁaﬁ&ngzmab{mnn)éd ot ori ng

energy at the desired te‘?rrperature and, frequency range. That is,
Vi scoel ast 0 those selected from the group consisting o p ates (suc a8 cirved plates; flat plates

WD 97/ 04193 etc.), bars, rods, tubes, T beams, channel beams, angles, and I~be.ams 'lgypllcglé 'fhy

PCT/ US96/ 09901 material I's an el astomeric matert al
cont ai ni ng | ongrigideiembers hredu thefomhefplates, most typically plates that axechetangular irener gy
I nto heat when th are defornmed. Such a materi al typically can be

def orned, e.gqg. BR% et ched, by an applied | oad and gradually regain

its origi nal shape 'fhe@‘lgldlﬁétﬂiei's?(@hterSﬁlﬁﬁer,niﬁpﬁﬁénﬁras&hﬁakﬂﬁdahp& been
renoved. g;atab e vkscoe astic materials for -use .in _the

vi bration d‘a§rrp styctyzal 1§ typically have a;shear glodulus,greates than thatofithg woration o o

storage modul USgafipfifalihyer whith al m&w tﬂédixﬂﬂn Th msﬁ.eered during
def ormati on, of aat grea}?{ ab outs lﬁ’ : réra}/ Paesr(':l s) at the

operati ng terrpetmpalb'énaanehemmem&mle@stppwalpltweamterthamf!@t efithet 0 50[err]C
and about 0. r"gnn@%rérge fal aﬂi;gbﬁf profRlaBiy Gt ITRS YhdtE 160 il Yhore

vi scoel astic mat erl al's
preferably at least about 1000 times greater, and most preferably about 10,000

20  times greater.
The ratio of a shear stress to the corresponding shear strain is called the

shear modulus of a material and is represented below by G.

_ shear stress . (10)
shear strain

25

For most materials it is one-third to one-half as great as Young's modulus. For
30 further discussion of shear modulus, see Modern University Physics, Chapter 10,
pp. 210-219, Addison-Wesley Publishing Company, Inc., (1960).
The thickness of the rigid members can vary depending upon the desired
application of the damping element. Typically, the thickness of each rigid member

-12-



10 as 10,000 psi (6.9 x 10[err] Pastal s); however, typically it is about
50- 5000 psi (3.5 x 10[err] - 3.5 x 10[err] Pascals). Particularly

preferred viscoelastic materials provide the " structure, (the danped
buil ding, for exanple) with a strain energy ratio, i.e. fraction of

strain energynwgi@jps@si N the danping material .relative to t hepdRbsnsvbf ai N
energy stored in the structure, of at Ieast about 2% 15 Swtabl e

vi scoel astic r

for use in th%‘? esgj el ong‘ﬁi‘alkppée'rtllgiP erl a? dé?%'%é&p(s]ese fL{eﬁe\?keb |on have a
| oss factor 1/41r{ch(61]nm)tceabout D énchext (50 k), srdenapy prefissbly aboark? ingh ¢X30r age or
the ratio of the nmodul us G' to shear storage nodulus G,

he r
of at |east abo'ﬂ'[“ “ﬁf’é‘f"’léﬁfb'}‘ )t he | 0ss factor is at |east about

0.5, nore preferabl Mfﬂﬁ@idﬁﬁnﬂehﬁ@o&ih%eﬁlﬁm@ﬁﬁoﬁl&ﬁslcaﬁ%curp'bﬁélﬂihgb' y above
1.0, "at the operati ng] frequency and tenperature experienced Y t he
material . THi s andés falingiof therigid memheravhen therigid memberiinabjegted 49 3&%& pation
of the ShsR

experl enced bgst%) ?fa?igg“g %ﬁg&ééﬂugﬁ&ﬁ@w@%ﬁg@&mr Eco chdanp[err]
SJ2015X Type 1l#gavier thiméssn’yadd segjoiyd more room in the byildiiig oredther struetgredncy of 1
Hz, the | oss fac at, 68 errlt?I*gZO[err]C) I's about 1.3, while 25 at

158[ err] F (70[ ¥ Qltf)h ¢ dpmper dsin tor is about 1.0. The :
stiffness of a vibr atheqgth 448 FHADE IRIRId Abmbey &in vafy. Si‘ﬁﬁ:ﬁlljﬁe%dtﬁﬁfaz ed as

fol | ows: [err] 30
VWO 97/ 0419310  a rigid member ranges from about 2 inches (51 mm) to about 48 inches (1224 mm),

PCT/ US96/ 09901 A f npi ng
material |ayer more[tfpléa]ly from akowéﬁeg&gugﬁ'ﬂﬂpﬁég‘ﬁtﬂ 'ﬁ‘{hﬁi&&gm)h S”%at erial
! ayer 3 lengtlk ofa figié fefblr thpieslly raiges HE6mABSR 6/16chR {135 indth) oAbt 96
J=lerrl inches (2448 mm), more typically from about 6 inches (153 mm) to about 48 inches

(1224 mm). A rigid member differs from a damper structural member in that the

1S  rigid member is typically of smaller dimensions than the structural members, in

length and/or width.
Vibration Damping Material L ayers

A vibration damping material layer may be continuous or discontinuous. A
20 continuous vibration damping material layer may comprise one type of damping
material or may comprise adjacent sections of different vibration }iamping materials,
for example. A discontinuous la}'ter may comprise sections of damping material
separated by non-damping material(s) or space(s) for example. In addition when at
least two damping layers are present each layer may comprise the same or different
25  damping material(s). Preferably, the rigid members are substantially covered with a
continuous layer(s) of damping material, although the layer(s)- may be
discontinuous.
The vibration damping material comprises a viscoelastic material. A
viscoelastic material is one that is viscous, and therefore capable of dissipating
30 energy, yet exhibits certain elastic properties, and therefore capable of storing
energy at the desired temperature and frequency range. That is, a viscoelastic

-13-



G err] = storage shear nodul us of the danping material |ayer

Jerr]= loss shear nodulus of the danmping material |ayer A
shear area of the danping material |ayer 10 *  h = thickness of the
danping material |ayer Useful vibration danmping materials
can be isotrogigeriede! | as anisotropic materials, pargdcid Wi th
respect to their elastic properties. As used herein, an a.r??’g%%‘lropi C
material " or "nQpieRRt{ ARfstIRkEE Matdrial iyﬁicﬁl}%ohﬁinﬁ?'l&&-éﬂaﬁ MOIERFs kS are 15
dependent upon the direction of neasurenent. SuitTable materials having

vi scoel astic prepseopyeskmechanical energiinteheat whesshqyare deformed Suehpmaiesal nitrile

r ubbers, cLyl | , I :

st yr ene- but adi eﬁgfc%{]kb%grgg,&&gﬁn féig" bﬁaéﬂé%@. P %&Egéﬁuagg#ﬁa?ﬁﬂgﬁﬁ?ﬁ%

mat eri al s i ncl uitkeorjgitay shape e, contractrsometime afterpiel lpadhliad been removed.

et hyl ene-vi nyl acetate copol s, polyyinyl, butyral, polyvinyl,

but yr al - pol y¥i nyl 2%“‘“@821’%%&‘0‘&6‘%%%&“gee‘ﬂwb&é?%ﬂ‘gf’@}/qgﬁ’?é?'&é“n@t rating
networks and t hfe lpkdsént invention hiee4 SHRRY sterhgodih ¢ NQY, Raslirk bithe eRthy'S =~
suitable for use as vibration danping material may also be Utilized
ijn the manuf aptslwxeddﬁ:intged”eml 'rg:gti@i,eﬂaln_émkabgrtlpsi (6.9x 103 Bsseﬁlﬁjat\ﬂhdﬁration )
anping materials can al so be crgsslinkable tqg enhance _ t heir strengt
and processabi wmﬂnsmmﬁpiﬁgquaw Grrialy hodr s torregedahousglos
resins. Wen thﬁz}/daﬁﬁﬁ)cturl%&hﬁbr@%ﬁ‘ddhﬁzkofﬁseﬁﬂ eﬁ&&%hmm%basmgﬁen prior

to the manu e of the danper, the thernosetting resin I

typically i10a 4sheonopkias.DixC107 Pascalsy;thdtvever Qypicdlg iﬁibﬂ:dﬁ&memw'fmﬂxpr ocess,
the thernpbsetting resin can be further cured and/or crosslinked
typically to a HBI-5 510l Bascals)t Parighlaily prefered viseoelstipahategialsprovide thecur i ng as
| ong as the cured terial sesses. the viscoel astic properties described
30 ° above. Depsgwaﬁﬁeg?'ﬁlﬁgﬁ"&ﬁ}“ﬁ‘i{%i8‘&‘5’?‘1’@%%&‘? 118494 npl oyed, the
t hernosetting rfeftion 6f¢irain ¥nkrgdl Stofedtin the dampiigiaterial @lative thé 3otdl straifii ch V\Yl\)hen

exposed . - 15-
97/ 04193 energy stored in the structure, of at least about 2%.

PCTI OSBI 00T o ¢ SuitabiOvdeRBNY RGN, 1t BRSHEHIBIDRTnbRUT RRuchlE ™

energy) initiates the ynmeri zati on noset g résin.
Particul arly prfof eseriethewitivationidampinig mpaterigls of the presentiinmentidrchase @ lashfsstor based
on acryl ates. . . In general, any suitable viscqel astic materi al
can be used. THE HEngheatiq,pf eneigy %ﬁf%mzﬂ%ﬁ? %éh%‘?ﬁ'%?*‘ﬁ%&ea' $ticular set
of conditions, modblus G"0RRaRktdFage aiddulus G, of AEEHLDOGH0. Of PreFdpibl thefoss€tC., 1S
wi thin the know edge of one of skill in the art vi brati on danpi ng.

f
The sel ection dJRctarisat leaghpboutQ.5pmare neeferably greates ﬂ‘;{‘ abpu e andynotthe

20  preferably above 1.0, at the operating frequency and temperature experienced by

the material. This loss factor represents a measure of the energy dissipation of the
material and depends on the frequency and temperature experienced by the damping
material. For example, for Scotchdamp™ SJ2015X Type 110, a crosslinked acrylic
polymer, at a frequency of 1 Hz, the loss factor at 68°F (20°C) is about 1.3, while
25 at 158°F (70°C) the loss factor is about 1.0. |
The stiffness of a vibrational damping material layer in shear is calculated as

follows:

k=K' +jk* (20)
30
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processability of the danmping material into a danping elenment (cutting or

ot her fabricating) and the desired structural integrity of the

fini shed danper construction 10 wth the danping material selected. It is
to be understood that blends of any of the foregoing material s can

al so be used.wo097/04193 In addition to the viscoel asti c WFinssos/adop1 t he
vi bration danping material of the present invention may include an

ef fective anount of a fibrous gglor rticul ate material. Herein, an
"effective anount” of a fibreu r and/or partgoyl ate is an 15

amount sufficient to inmpart at heast irhproverrent I n desirable

characteristic qﬁ‘é ¢ nat.er| but not so nuch as to
give rise to afw'tem gmg?mglgx?m#ggsq % mgmatenaéﬁy%ct on the structural

integrity of the danpegtomgemamnc Aérial fayerat erial is

I ncorporated. Cenerall the fibrous and/or particulate material is used in
an amdunt ef f KLTlass siffpestefthe damping-material layeener gy rati o of a danper
el enent contai ni ng 20‘/—{ he sane anmpbunt and type of viscoelastic nmateri al
without the fibrousto¥particulate material. Typically, the amunt of
the fibrous materi ab'bgto}ig@syé&m{,ﬁ§bﬂﬁea§}{5ﬁﬁgﬁl,htehﬁ] er within a range
of about 3-60 wt % based on the total weight the vi bratlon danpi ng

material . Typicall yﬁ'ﬁiessahwmodthﬁ@egmpmgm@nellMer| al in the

vi scoel astic materi gl.j | 0.5-70 Wt % based on the
total 25 weight o? t%h%a%%i]gﬁ’%% @ %E‘l %én%a erial. The
fibrous matleri al cah=thickiess 6fthé damping mitelialdayer st rands or in the formof a
fi ber mat or web, although fibrous strands are preferred. The fi brous
strands can be in the formof threads, cords, yans, rovings,

filaments, etc. face of -
the material . They ((:fgénm%n@rglérg:garm “rﬁc}at%'Ji ﬂﬁa ﬁ'b@%ggp,sapwmf #@ﬁﬁﬁ{;
specified or dematdﬁthzirmxlarly mﬁﬂbsﬂecﬁtoblleunztastmpmpembs Amudedﬂeremaﬂral lic

];llolrjlirg? ZI |m|af: eri al p:c ma%enaﬁJ olf'mngﬁilsrgtr%ﬁccrjne terial 38" gnse in whlcgrmg érﬁgémtfasl at:)'g rs

WO 97/ 041935 dependent upon the direction of measurement. Suitable materials having
PCT/ US96/ 09901 fibrous, materials, such as fiberglass, natural
organi ¢ fi brou¥ispeelastic propertigginclyde ygethane rubbers, silicone rubbsrs; pifrile mibherse| | ul ose

and synthetic bgggcsj h cohol

nyl ony pol ylast gﬁ‘gmb%% a@?ﬁ{:‘ﬁ; :’,{ahgig??/ﬂé%f Stg%f'{/)glll“x?‘bﬂwug?easﬁnmdd fhe

phenol . like. Other dSefiil damping mhtetials malude pdyembulyuneﬂlanﬂepolywmm; on can
be in the form bubbl e fl.ake or vvder, as |lon
as the viscoel 5@?'163&}'1‘31’]@?%5*3 cgg?{ymers po ?WF‘%“?P@’“SB?’ME@"W‘E%' t i cul at eg

The particabat acemae edspoag}memr&pwacrylate Sintélfpcndmtmg networks aadithd like@t typically
be greater tha the hi ckn f t he danp ?8‘6. terial,|ayer

Exanpl es of us Gsa@p ?P&‘ct@&'?}"és‘l“ sEG%lY‘BH‘“B?dW%t ed gl ass
and ceranic buhﬁleﬁanﬂ&ymmnmmfm’lréafdamamgqe.aeﬁtsbubbl es, powders

such

Useful vibration damping materials can also be crosslinkable to enhance
their strength and processability. Such materials are classified as thermosetting
25  resins. When the viscoelastic material is 2 thermosetting resin, then prior to the
manufacture of the damper, the thermosetting resin is typically in a thermoplastic
- state. During the manufacturing process, the thermosetting resin can be further
cured and/or crosslinked typically to a solid state, although it could be a gel upon
curing as long as the cured material possesses the viscoelastic properties described
30 above. Depending upon the particular thermosetting resin employed, the

thermosetting resin can include a curing agent, e.g., catalyst, which when exposed
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10 as al um num oxi de powder and alum numnitride powder, silica, netal

fl akes such as copper fl akes, cured epoxy nodules, and the |ike.

In addition to fibers and particulate material, the vibration danping

mat eri al of the present invention can include additives such as
fillers (e.0. YwalopasicC. ), colorants, toughening agent $crhiisbdoon
retardants, antioxidants, antistatic agents, and the 15 |ike. Sufficient
anmounts of each of these. materials can.be used to produce.the .desired
resul t| t0'an apBrORTIAA SRETEY MBS FuTh 5 BRTIRl srPe] BIBRER Pe0c 1 cul at

mat eri al woul d gbiythefifation of the tikBhodetting desivh) Utattidutarly pesferred vibigtionalagpingf about
0.5 to about 70 wei ght percent based on the total weight of the

vi brati on danpi Mpteralsars those based on acrylates. The preferred viscoel astic
material is Scotchda ' : ' I ILeicRQFYyNer,
types 109, 110, 112 g@%&&%aﬁéﬁﬁg e ﬂ%érin&gwlm%tc?m&’e;'&?‘? ﬂ%éh&c%lgnnesot a,
and descri bef i wisGoslagtic mewdriflford pesticuip setidf icamditions,, e. Sctempératanggndr r |

Vi scoel astic Polyners, . 10-07250225- 9.3)RL from ndustrial Tape
and Speci HEETEEY B Vraiifl, Stea 5 Wi i dh éﬂ%eeﬁgé’gfpg%f’g%#gpare

t enperat ure sensibratiof dampiag! Thestldction S#esiilaldd dadbping material is alWobasl chthé C
Danpers as Energy Dissipation Devices for Seism c Applications" in

Ear t hquake SpecPragessahility of theglamging mategipl ipte 2 dympingeelementcutting REPtheM i ncr ease
In tenper ﬁpﬁ&ﬂi@?ﬁﬁﬁﬂé dés'i}Fd ﬁhﬁﬁﬂﬁ liRSdries of TE Rhisitd d3RferddfistRAR NI

efficiency of t material decreases Additional te erature
sensi ti vity 1pnf withethe damping B@erial Stlectedh dbispé be videstdd1hat bleodsydfiany of the

vi scoel astic polyner. types 109 10, 112, and 1 13 is provided in

t he above-refer é%&%%“%‘ﬂé‘ﬁ%‘if%%%&’&ﬁs%‘e Speci ficati on.

-17- WO hddditibA 3o the viscoelastic material, the vibration damping material of the

PCT/ US96/ 09901 . Accordingly, tepperature changes in,the viscoelastic
material nust bEreseltinvantion may mclidegp effective é’E‘Pﬁ“ﬂQf%?'g"PHf wdfpr parisiiats nateri al

to construct the,fadt Hdreid aFP 0L arthdiffit” of a fibrds SRdHal ArddVe? ﬁﬁliﬁ_gﬁlate is a

Adhesi ve Layer ] I'norder to facilitate the adhesion ofthe
vi bration dafpi agowntisufficiant tb appart atdeast improvementrin desttablechamcteristics taither  of

menber - and ¢ he- JFRREETOR et R Boriatah aF K HLE Pk o apy el Bl 0T
bond the | ayer s effegeh terstrudineml intdgeisi of theldnaipesinatiich theviscoalaftizntatdrihl is bet ween
the rigid membey, 5o 0 GBI the MrSts dor pahichiid bitenf % i ar "o e

- amount effective to increase the strain energy ratio of a damper element containing

20  the same amount and type of viscoelastic material without the fibrous or particulate
material. Typically, the amount of the fibrous material in the viscoelastic material is
within a range of about 3-60 Wt% based on the total weight of the vibration
damping material. Typically, the amount of the particulate material in the
viscoelastic material is within a range of about 0.5-70 wt% based on the total

. 25  weight of the vibration damping material.

The fibrous material can be in the form of fibrous strands or in the form of a
fiber mat or web, although fibrous strands are preferred. The fibrous strands can be
in the form of threads, cords, yarns, rovings; filaments, etc., as long as the
viscoelastic can wet the surface of the material. They can be dispersed randomly or

30 uniformly in a specified order. Examples of useful fibrous materials include metallic

fibrous materials, such as aluminum oxide, magnesium, or steel fibers, nonmetallic
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strength of the danmping layer itself. Preferably, a structural adhesive is

used. Typically, an adhesive is considered structural if its
shear strength is greater than 1000 psi (6.9 x 10[err] pascals),
preferably greater than 2000 psi (1.4 x 10[err] pascal s), and nost

preferably gregigynolktegn 3000 psi (2.1 x 10[err] pascals). 15, IUS96/09901 The
adhesi ve layer is preferably noisture resistant and reS|stant any

sol vents, gases, g 06, GieHaf AR 'aéﬁ d%’l?ﬁoﬁg?ur% %&&?stm%’kﬁéﬁs duldn h&%o?n
oper ati ng environment . dhest Ve ayer 1s prefterably
resistant | o pl aik,ottenrasd oellulose and syameﬂuaigamoﬁmm matetials kuchray pblgvinyint ai ned

in the danping terial. Pr ferabl e . .adhesi | ayer i m)re

resi stant than ?ﬁ?@ﬁ%W% nﬁ‘?’%’bpf’& }de’tac?“g‘ﬁ'éﬁ’? %ﬁe Q%HIQU’S Belcr eases
Wi th increases in tempepaticiifte matdtiaF@el in thOinbertiof calPbEinie fSRhFi al and

the adhesive will soften as their tenperatures are increased. A preferred

adhesi ve 5 uodules; hyhbles, hﬂﬂé& flakeas; ennpwrdenas long ascthe aissoalastic zmmnl a3nr engt h

f the d t |
Sbout - 40 or 11 ¢ 7% Fhe iface.qfthe jeblele OEVE Bblcifle ARG BtV SR, '
about 40[err] C, shodd notyppicatly lby greaten thaik SIEeahich@si of tbbdmﬁpx@hatreﬁil(ﬁlyeQS

Danmpi ng El enent Desi desi.gn of the
i ndi vi dual danpi ng eﬁ"%ﬂﬂf%‘!’\@é?ﬁewwﬁ@?@Pﬂﬁi“ﬁmgﬁ%"at"d or ““Eﬁ’rﬁﬁf 8‘ Sel enent
conpri ses tWo Olyng cerinftiibBIBY G1Vedds sich Asrtﬁémﬁust &ndadtive BubBlEEDFEwders such and a
second outer rigid nmenber and a Iayer of vibration danping material 30

t her ebet weerd0 Tweabmm@ndﬂ andegjumipum @iteide gowder, isiiss, mesahflakessueine or

mor e i nner.. nd alterna | ayers of vibration danping
material. The gper ﬂﬂ(%%ugf?/eg dtuFes, Ml khegﬁk

PCT/ US96/ 09901 In dditisato Biberd had®pditiéuldtd mhRMA the Yibrationdampmp nthéral Ng
mat eri al and r|g|d menbers can vargaas | ong as the structural
)

integrity of thefthensesen inyeatignean;inclydeiadditivessuch a3 fillers (sgppleattr). the total
nuber of rigi d BRMME, foughdirg tehts, mmaﬂkﬁt@ﬁnMahﬂnﬁﬁls&iﬂ&%ﬂts and the

menbers) in a danping_el ement ranges from about 1 to about nor e
typically g5 dkeySufficiens amoynts of each 0§ thesematerialiranibe msedsoprerduce the and rost
pr ef erabl y about eSirddFesult about 4, for ease of manufacturing. The nunber
of |ayers nost desirable for any danping el ement will depend al so on
whet her or not str ai iICombinktiens&f fibrong mateyislrand particul#te tiacsriahweiild alsobel up i n

the el enent durin rat is,.a concern, ,Using rigi . menbers with
good t hernal con 4“5 dg??d" &hg Tange,ef aboys0. Weﬁbgﬁqd?‘%/w@wd’t‘}f??‘ve 10
fibrous or partIbﬁséd%%é%ww@hﬁoﬂﬂehbﬁm@m;mgomatéﬂﬂpl ng material will

reduce heat inthe danping materi al

Pref erabl y, %he therﬁﬁFP (Y!SPNIQSQCGPm!’lh‘és SeaehdampTHBI201 5% aenViE be gr eat er
t han about 0.2 R I out 30
watts/ m d‘é‘@%@*{s&cﬁagﬁﬁ?%& ldg’)e@ér agF{H g?e%?lgri)ﬁt ‘?1'?13a gﬂt 0 watts/m
degrees C. 15 Minnesota, andrdesdribed inaﬁngecstedd’mdmﬂ szec:ﬁbatlodeSmtchdmpB‘ t he

number of . | ayer 3510 L 08 Polymers, No. 70-072-0225-7(89.3)R1 from 3M Industsial Tape and
Specialties Division. -
25 Viscoelastic materials are temperature sensitive. Specifically, Chang et al.,

"Viscoelastic Dampers as Energy Dissipation Devices for Seismic Applications” in
Earthquake Spectra, Vol. 9, No. 3 (1993) pp. 371-387, noted that an increase in
temperature softens the viscoelastic material and the damping efficiency of the
material decreases. Additional temperature sensitivity information on

30 Scotchdamp™ SJ2015X acrylic viscoelastic polymer, types 109, 110, 112, and 113

is provided in the above-referenced Suggested Purchase Specification.
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danping elenment is the available thicknesses of the danping material. For
exanpl e, if 5/8 inch (15.9 nm of danping naterial is required to
neet the danpi ng demands and the danping naterial selected is
available in only 1/8 inch (3.18 mm), 1/4 inch (6.35 M), and 1/2
inch (12.7 mmwé bigaksaess, five layers of 1/8 inch (3.18 M) BErusdgRbdii al
may be used in the danping el enent. A | ess preferred danping
el enent is one Aaydrdigglp tempetutiie cHafiged iMMMEVREoRBi/material muSI sk cdRsideted

vi bration danping material, | gyer. As indicated previous such an
el ement mmay hav@f%s'bieﬁesm vipraien d”r’ﬁ‘Hj‘?&f"#ﬁWEé‘? mt%@wﬁuiﬁf damPaRAbie g

mat eri al Y& Inventda. | ONg as an outer vibration danping materi al

| ayer is present. The outer 25 surface of the vibration danping nmateri al

| ayer (the surface which contacts a structural nenber) nmay optionally
be coated with adhesi ve. Such an el ement can be bolted, welded,
dowel ed, adhesi Md, attached via interlocking surface
features, etc., to amdEees ffilitdl€ théadhesioR GPe vibratiohdEmBiAE nfatkrial layer & d
menber . The danping | ayer would_then be attached to a structural

menber via convtherigishaemtes, a layerekedbesive sueleas ap eparyierefeebyprayided  Such an
?llgfm nt thus pr B%Q@/hgﬁ%g éﬁgmbtepfnd the vibration damping material layer to more
PCT/ US96/ 09901 effectivelybondrthalppars tdgethere Thenphesiye abedrshauld foami atpndwo out er

rigid nenbers. wever, .the el nt .has two.outer riqi nbers is
nuch prefer md bébwesn tli‘é "g‘g menjey WS%&%‘T@@Y%B@"‘&grﬁ?tﬁrpﬁ'%%ﬂqﬁ‘fbfﬁﬁanpi ng
el ement can var wréugihVoTtiedamping layePftQUC PPefbrabli S strabiufiadhesild Rlusdd 9i d menber s
are provided which typically have been_ 5 produced to a flatness of about

0.001 inch (0.025 cally, 198 gdhesive jsonsidered structural f its shegrytrengthds gfeatel y about
0.001 inch (0.0 6 | Mnost
preferably O. Ooﬁé‘ljnc oéspg’géégz%&ts%isg'J(Sgglml)]ggﬂé%thﬂgom : ll'?g'? e

rigid menbers apascals); andmost preeferahdy gresterihan 3000 psil (21inek? pastalbY i cul ty in
obtaining t equisi.te bond rengt h between the rigid nmenber and
the vibrati gﬁ danpi n@q%ggveﬁyer ‘3(95%[“5@8 ; .'s.t“fﬁT"’g'StFP'a%"Hé'gsés‘”g'é Wenent is
thus nost appl i saitents, fades, OF cientidalGEMaPéonid iflotontact witH KB Qpératdfpl ch are
actually bonded to a vibration danping |ayer. Ideally all rigid

members util i zeRVirOREeRY @s%ddéﬁonc%ﬁwsem Iaer is;prefgrablygpsistant do plasticizersipgy e of
fl f A ' : : . '
atness o residfdl Qbterts Rfith isrﬁf Pe &&mﬁ%‘é i the dﬁlﬂ?ﬂg g'![ﬂernl giqﬁﬁfgiﬁglg{'thsmi ch

(0.125mM) . The exterior ace of an oute
cones i nto cont adiesivé layer isTaorstresistant thah theSibratronrdemping ddyex tocshehaiswengthyi a

oL 19 0 & ke RS VA PR oS sor bR e
to the the adhesive will soften as their temperatures are increased. A preferred adhesive
will have a shear strength which exceeds the shear strength of the damping material
at all operating temperaiures, typically about -40°C to about 50°C, more typically
about 0°C to about 40°C, most typically about 15°C to about 35°C.
25
Damping Element Design and Method of Making
The design of the individual damping elements can vary. Preferably the
damping element comprises two outer rigid members: a first outer rigid member
and a second outer rigid member and a layer of vibration damping material
30 therebetween. The damping element may optionally further comprise one or more

inner rigid members and alternating layers of vibration damping material. The
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structural nenbers, however, the outer rigid nenber surface and the
structural menber surface preferably would neet these sane fl atness
requi renents A |l ayer of an adhesive such as an epoxy is
typically coated onto one surface 20 of the rigid nmenber which is to cone
I nto contact wyo#dsiya vi brati on danpi ng materi al | ayer pcfhSodigdégs kness
of the adhesive |ayer can vary dependi ng upon the application.

Pref erably, thi sumnbérefaienatingtlayers df vibsatioh idampiog triategiel rnd Irigydomembeypeanal |y,

t he adhesive | ayer has a thi ckness. of .ab .002 i,nch. (0. 051 t o about
0050 i oy 24 s s ok T Bl e dagie AR Rl ' £ abou
0. 015 inch (0. 38%piédily, thedtal number of rigid memBere (imshitisg both batéind e riBRl
mnimally thick enoug’h to provide intimte cont act between conmbn

bond surfaces ofmembershingsiampingelesent engesifiog Workhieabout 120, morewypicallyi d i n
the adhesivesl aygly, Wb LbJu‘?QH@ﬁeférE‘lﬂ%Ql}(o‘?xEé alXAP8! A nidsf @Q&Hﬁl ut 2 to
concentrate StresseS during the nodul ar danper ‘operation and nmay nucl eate a
crack 30 in thebadKdcferease lofiynanufacturing. The number of layers most desirable for any

- 20- WD .97/.04193 . . . .

PCT/ US96/ 09901 damping element will dqpend alsp an SheRAripof Sraiiin the Jampinglarpran
adhesive | ayer Bajfbrltabuildup iniihetlefient during opéttidn i a @6rtetn) Wsiddkiggdl M) inch

to about 0.015 inch (0.381 M) is used when the preferred structural

epoxy is used. Msowersavitheopd thermal conductivityand speséficcheat or thermaliyeapductived nor e

o1 i2bl e DORg) DRLNGER Julfc B AR B \BlasB0 Sk HaIBARR e D, OF e

adhesi ves. esive Tayer a y a variety of

met hods such as baifi @in g damping médtédalel i ng, brushing etc. Preferably the
adhesive is applied to _baoth the rigid nmenber and vi bration danping

€ . .
material |ayer invol Yeeferably, thefhermgl conduetivity of thg Bigidamemberipthould be greater

. t d . . . . . b d d
10 toget hor . TiaR ol 0% VRl QerrBt, e proRiiiiRitcl e WESGESOwhfiu® PO ®
menber and the degrees Gjangimost preferably greatexyien abgut#0dvasismdégnepsifozzl e whi ch

delivers an,adhesive he ., . nd.surfac whi.ch | s read

uni formy 0\} r the -béﬁé}ﬂé-rééc.)}t?hcgn?%ﬁ;ﬁ%g&g%?mﬁjg tfl"g"&%gﬁrof g g "bond
area" and "sheadafipififélemént isnhe dvdilable eificknegesdfthd dundpidy mataesd eFor exampleer s
represent the cgmon rface aﬁsza bet ween .t wo l.ayers wh{lch ar.e bonded. 15

S A .
Next, the adhesfit® BER(ISS Tm) e mma'mtaw&re%wﬁim@% e famping ed on

top of the adheghyfhedanifihg Riaterilselebted is dvhifhbd iNBAIP &/8 indlf (3L1IREMMR T iRéh
material is liquid, It ma aternatlvelg/ be injected or poured into a
mol d, in which (h& mm),asdtihiveh 625 mm) thickness, five layers of 1/8 inch (3.18 mm)

20 material may be used in the damping element.

A less preferred damping element is one having one outer rigid member only
and an outer vibration damping material layer. As indicated previously such an
element may have optional inner rigid member(s) and vibration damping material
layer(s) as long as an outer vibration damping material layer is present. The outer

25  surface of the vibration damping material layer (the surface which contacts a
structural member) may optionally be coated with an.adhesive. Such an element
can be bolted, welded, doweled, adhesively bonded, attached via interlocking
surface features, etc., to a damper structural member via its one outer rigid member.
The damping layer would then be attached to a structural member via conventional

30 means such heat or adhesive bonding. Such an element thus provides some of the
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t he danpi ng el enent have been suitably arranged. The vibration danping

mat eri al I's then cured such that the liquid danping materi al
solidifies. 20 Additionally, it is possible with some danping
materials to forma bond bet ween the danping |layers and the rigid
nmenbers t hrougf,gegteand/ or pressure. Any bondi ng net hegrkRadnooe
produces a bond between danping material |ayers and rigid nmenbers of

LT e ARl 4l O T

accept abl e nmet ho e use an ep esive 1s preferred
in the 25  manudlandnt hss tob dutee rigdmembgrsds moenpreferred. Typi cal |y,
the vibration danping l.ayer has .a.thickness, of u i . (1.5
mm to about 5 i.nchesAlEhféé_‘Wﬁﬂe_ﬂﬁflé?gegﬂi' 9%%1?&@%?91@9@%@@3% out 2

| nches (50.8 M protdss fsae filfols kindt Figheaaisees 478 pioiidall whizk cypitllytbase baehn t 00
many danping layers will be needed to keep shear strain at a
sufficiently 3 ovproducet ta afl@oess obabouti0.pOkineh (0025 mm) toaboyt G028 BRbnpi ng

material Tayers. olds o) pBEAY bouf'63b] #eh 0,645 hTto about 0.015 inch (0.381

-21-
PCT/ US96/ 09901  mm) and m6® préfeatly 0j00 inok (.625min) ¢e0.005 intin(Oni25enmh df thequi r ed
nunber of danping materi al .ane_,si de of

| . . Ne
the second ri gi digid ms@berAreIot H‘E&’Q“‘Efgégi%r%ﬂ[@&"{eﬁ’ liffigulty mx°tbta'ﬂ'é%g'§s ary
flatness is pr O\é}e%?tét’l%]c;nﬁ sRedgfiwédh tRORAS mémbl1an eRvitkakbn danfpitgUiyeel to the
eo

5 opposite si e vibration danping |ayer which has al so heen coated
with an 10 achnesiureThisflatness Taquiremens isthusanestapplicsblg totthesyrisees ol gy i n a
fixturing device_that . . ' [ f | ayers
as appropri ate. mentfiers which are a%ﬁgﬁv%@grﬁ?é %ﬁf{'%@ds%&p@ & %{Tﬁfra’g%“}aapter@?ot

readi |y avai | abl mehbers atilizes tegandless of composition: metaGiplstid, ietct, Uhave ofiflatasseof can

be custom nade. Typically,. an_alignment fi desi.gned, f.or use in
manuf act uri ng th@%%?hé%foe(ﬁgﬁ?‘%b‘f’ aBﬂ‘ét %B%E'ﬁﬁ({owz%m“si rﬁ@rﬁ‘%‘ﬂ’ conpri ses
an expandabl e st gpfc0bf ! JaiBrRbTpldaHENERA WhitR @6mbY ihtd cdftact with the binestiral €
nunber of "bunpers” or "pads". The frane is typically placed around the

unpr essed dahpi nyembersrofthe dampen xiabeliingfor eowanld nptresessailnaesd L H8YE t hat

t he bunper g. p ' gIMal | ; ayers
bei ng bonded, ” 150" TRECAME Haehls Trh GABdiinBRM RS0 BRSNS om0
bonds have cur edstausfralmembetsyhowever, thetsiter rigid rdemhsr sugface andghe stmgjurle noved
w t hout damagi ng theg ad

al i gnnent of t he™f} rsg'qgcsfli?\é& r?@?%?)gﬂé%%gngsetsgigg ggtﬂnégs? %ﬁ%&ﬁ%’ﬁgm red for
pre-cured danpi ng | aygidyest 2n adResive vithlag at egok is tgpicdlly guited otophagrfuee er i al
n 20  of the rigid member which is to come into contact with the vibration damping
material layer. The thickness of the adhesive layer can vary depending upon the
application. Preferably, this adhesive coating is a thin continuous layer. Typically,
the adhesive layer has a thickness of about 0.002 inch (0.051 mm) to about 0.050
inch (1.27 mm), preferably about 0.002 inch (0.051 mm) to about 0.015 inch (0.381
25 mm). |
The adhesive layer must be minimally thick enough to provide intimate
contact between common bond surfaces of the damping layers and rigid members.
Any void in the adhesive layer will reduce the overall bonding strength and
concentrate stresses during the modular damper operation and may nucleate a crack

30 in the adhesive layer.
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produci ng danping elenents. To state it sinply, the fixture nerely
constrains the 20 danping |l ayer(s), the rigid nenbers, and any opti onal

| ayers, to produce the correct alignnent of the parts in the danping
el enent until all bonds between the danping | ayers, rigid nmenbers,
and ‘any adheswoee7oaymrs have been forned. - The pEtiudeonn:
containing the danper elenent is then placed into a press and pressed

to a thickness that $heQUHN el isldifimiath dinch B GdHeGTEIRH: b h%@ﬁ$gaﬁaeng§§gy

el ement, 25 including danp I ayers, rigl
adhesi ve | ayer sabnut onﬂamch (0 051 mmamn:hrvg abbmrmOﬁSsndhc(ﬂﬁsumm)tmuseﬂpﬂrenl

two-part struct S A to cyre at..room

t enmperature or ?f%@iﬁ“&‘@'ﬂ&&@éwﬂ Fﬂgxyc‘ﬁﬁ‘gmﬁﬁﬁfe ppovidea ¢ apout
32 to about 1504 £41d thore réiablebeid Batvbeh tHe aﬁhﬁﬁgﬂateﬁalaﬁd ﬁgidhﬁéinusay be
modi fi ed when th anping material is suitable for use in heat bondi ng or

hot nelt 30 3 ©ther adhesives. _929.
VO 97/ 04193 .
PCT/ US96/ 09901 The adhesive layers can be,coated by 8 variety of methods such as spraving. 1ot

may be bonded ctrowelings btukshing\ett.hPreferably thedﬂhslve& apphdche bbthnthe figiduhenshdr t O

apply adhesive to t e.a riate el e | ayers and press
the el enent as ’?gm‘ffﬁ@ ";ﬁarr;'g ohyed 1p %"dé%e‘%qr?/g'“&heltﬂfj“““

which its resi st@mﬁedﬁce afrliR¥/tHeIRESVE Hyd¥iwhéd bﬁd@ﬁﬁ Kyért {obeHonlidie adhesive
S 5 exceeded, control of the thickness of e various adhesive |ayers

will be redl@edtogether. Typically, th eqm@dmrse:cnﬁqdmﬂqémﬁdéqumdenqrwgberammen t he

.%GHFQLUESe&“Sré@ﬁ@b&f*@%ﬁ%w 2 fimt SR VAT R REATEREe st fapr. o
t he t hi Ckékﬁlss&mcsafwhidhﬁs sﬂréhﬁaﬁxif&ﬁ)lﬁaﬁ?ltmdndws Théfermarbond! N each
particul ar danpin eI ement the rigid menbers may have different

thi cknesses al t g ebendasea) ang dshear area” aregethintachangably hegaip Thesekness i
order to ninini eéma%regm?acommdﬁ% 5% gl Bebwichl o lavers whidfligé béiRegiand! ed |

manuf acturing. Also, In each particu npi ng e
vibration d&hpi ng | ayext, the adl;eplvemaltgd {ayer @'azﬂvgatm dam)mgnm:ahismhge@n danpi ng
| ayers I

t r t he
vi bration danpi r?é’dquﬁee‘{rdg&i?lweﬁ 3‘?’%’@’ #elgemﬁ%g'gpmg gengaﬁ@'{"ﬂ,, ckness
in order to m mtmayaltemamlyr’deéu_;eunéd or poureduitto@umold,dn hich Iﬂ&ingidlﬁv‘emba-s beindl ed
I n manufacturing, and, thus reducjng th arts I nvent or ujring
f ewer assenbly %eﬁwpgg etéf“&ﬁﬁa?’? ié‘ieﬂ ﬁg‘tﬂi’l}fmﬁ"o ﬁmeéﬂl’aﬁtm@@aés etial t he
ease and convenjseRéncuftid sﬂ@lﬂl&ﬁﬁﬁéﬁ?uﬁd dampm materlal solidifidde t ot al th' ckness of

each danpi n_? el enent or enment IS
Addxnonally, itis possnble with some dampmg materials to form a bond

n
n

between the damping layers and the rigid members through heat and/or pressure.
Any bonding method that produﬁes a bond between damping material layers and
rigid members of strength exceeding the strength of the damping material itself is an
acceptable method of manufacture. The use of an epoxy adhesive is preferred in the
25  manufacture of the damping elements.
Typically, the vibration damping layer has a thickness of about 0.06 inches
(1.5 mm) to about 5 inches (127 mm), preferably about 0.15 (3.8 mm) to about 2
inches (50.8 mm). If the vibration damping material layer is too thin too many
damping layers will be needed to keep shear strain at a sufficiently low level to

30  avoid fracture failure in the damping material layers. It is typically desirable from a
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20 preferably the same for danping elenents | ocated between the sane two

nodul ar danmper structural menmbers, sinply for |ogistical reasons in
installing the danping el enents. There is no requi renent that al
| ayers of such placed danping el enents have the sane shape,

thickness, areapoomgsigmterial conposition. It is preferred, bggrnsosneediot:
requi red, that each danpi ng el enent |ncorporat ed into a given danper i1s of

25 simlar con ' ' nunber . of rs and materi al s.
Size in terns of ﬁ:&ﬁdﬁ&ﬁrﬂﬁcﬂ ESP JHF Enot e ?he rﬁaglre%ﬂ?'v?edﬁgfm@émﬁnél ement s
may vary Wi t hi n kapes.danper for purposes of utilizing a "mx and

mat ch” danper design er._ design it is neant

that the danping el en‘gﬁ%’sWa?@er?&qﬁusF%%Bﬁ#ng as begn peadpced;te the
capacities are Usekessry flatiRssia PP6Vided ithi ahybr Bf Adhese MErEBIE ind 18 Vdclitd th fhe30

desired energg/ di ssi pation capacity.
-23- \Veppovitesideocf the vibration dampmg layer which has also been coated with an

PCT/ US96/ 09901 0 el ement s
may be prepared- gdhesive Jayer. The d@h‘% ?’Pgﬁ%ﬁﬁ?% dégf‘i" "“8% %‘fetqus Thi s
can be done by actdna'blsnhp:fehﬁvsﬁli@msnttdfmlayersasapﬁrobﬁ&edam)l ng layers or the

t hi ckness and/ or shear area % t he danping | ayers. The
danpi ng | ayer itself HeWg¥hio é”?‘?hegél"%ﬁédet“& readdly available fosiacustons r ai ns up

to 5 100 % %&&tsmﬂéﬁiﬁxrbﬁﬂd%%& I:Jﬁeae‘iﬁﬁ’ '}%d@a‘lfgu@dﬂlﬁgﬁ gd rigid

menber shoul d l'arge enough {o w't operating
stress. As slfch, fixtere deslgned fmcmmamfaemnng thedagmimgccfemeheofdhﬂmesegt el enent s

shoul d be at Ie 0 en t he da terial wll
fail cohesivel yq gg'gmﬁé/r%géaﬂ%@”@%ﬁﬁmﬂt"éﬂhg’w me eqr'T’g"é’F‘ngnﬁé?e or -t he
adhesi ve itself éf&cth\ae maibesof dlnyiperd’r “pads”. The fréﬂske;s typicailyplaced QFGURH thes
preferably assenbl e ﬁnd ajtached to the damp structural nenbers

with niniml i nt“r“B idamPg elemeny 'hﬂler?"t’*ﬁ'ée‘bﬂhtﬁl%th%%sag%ﬁ such that thegyer s.
|
It i's common praghiges ﬁr&ﬁ&edtiﬁhﬁah&sﬁbnﬁi ﬁ%‘?tﬁ#teraﬂ.rx;dqg Qgﬁpg{;}%%r&f' al ina

danper in general shoul d be bel ow 5% an el ly,
this -rBquiholding them in easrechalighment sintilzalliadbésive bokdsthaee cmedxuffiiently er i al

e 8 Lo LR ik et e S il B R B P
el enent is pref dlﬂhﬂtmgph@dbﬁﬂ&ihhguﬂhltbﬂ% ltyets. TG fxture servesthelsafi€fmedont he
rigid nenbers a

any sur aces of r.s tura.l menber s
are substanti al 19 Yefﬁﬂé?gpygwﬂ%%%f'qm fempiag materia) iy
surface" as useqarsmfcﬁ;graaﬁxging@&nfeﬁs aT§ SatedESimbly, e fittke ekl chatRinditen a

danpi ng 20 material layer, or indirect intefface via an adhesive bond,
with a d arrp|2|99 @a{ng;ngéqyer(s) the rigid members, and any optional layers, to produce the correct

alignment of the parts in the dampmg element until all bonds between the damping

layers, rigid members, and any adhesive layers have been formed.
The fixture containing the damper element is then placed into a press and

pressed to a thickness that accounts for the total thickness of the damping element,
25  including damping material layers, rigid members, and any adhesive layers utilized.

Damping elements formed with typical two-part structural adhesives may be

allowed to cure at room temperature or in an oven to accelerate the cure (typically

at about 32 to about 150 degrees C). As previously discussed, this method may be

modified when the damping material is suitable for use in a heat bonding or hot melt

30 process.
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| ayer. This is done so that the bond interfaces between the danping
material |ayers and adj acent rigid nenbers or adjacent danper
structural menbers will experience primarily shear stresses during
operation of the danper. Departure fromparallelism bet vveen the bond
surfaces of tlwoeremegers wll introduce additional stresses

bonds during danper operation This does not |imt the shape e rl‘gl d

menbers to strictly f a As |.0n ebon surf ces of he rigid
menber s and theh% il lgﬁdﬁ%g 2“‘“‘??%6%%'& tm@f Fﬁ%’l‘"%’l é’dﬁjﬂhr al
members renai n padhedivesk the time reqmrea 1 appadhebive/toRBe é}iphﬁinate’sdmﬁ) eléll:ént of the
rigid nmenbers éybe cont o\%?req(ilF tapered. Note that the "bond

surfaces of rigi i WF&F%‘?&WNFBR‘%E@"&% gfithe aéb;esivegumpmr al | el

or Substanti al T YuRak #l fefitaice 15864 rBhARS o6 1oLk BAQPRUAARE " t he
PCT/ US96/ 09931 exceeded @ampd iof therthicknessof theverions adhesivdlayess wilutmaiceme mber s

Substanti al 1y melISHT POSTFEmEs s adepBle 8 Safinsbe pmp o o Hhaldesred v ¢

it is preferred dahpingatemenpthitkaesent (s) are manufactured such that its
rigid nmenber bond surfages are substantially parallel, (nost preferably

parallel) and 5 tH{sdiscHwediprepiongyshethicknissss of thedigidonembers asmweit asghack ( s)
ttached t bond
SLrGf gc egc aﬁd a(r)I tﬁ%&%ﬁ?ﬁ?@gg é’é“ of %Lﬁgﬁk %@Js c%??%i Eﬁﬁ"ﬁ‘r d:?@‘%’es B o

remai n substiént |ebdn’ney1ttha|r@dl méml(ermaay Imve tliffesent mlqkﬁésséslaﬁhdugh preferablpftﬁéyl si on
is al so preferabl é‘@&ﬁ}f{sﬁﬁﬁ the,se ond suyrfaces substantially 'Ear al | el

or parallel duri nESFIn 5dRE tQ FuIEizp the. numbqardzfsmwc Pﬁ'@s gt t he
danper 10 str u t t he
bond surfaces o?ﬁ%syﬁéﬁan a?‘r’pu?%gl e%gsr?f ﬂﬁ%ﬁ ?@S‘Bé el&ﬁ‘% o

structural menbaibsatinmdappingdayat is @pjcallgs the same in thlbknessﬁlthuhgledanimg lagkror

cl anped spacer, | nt ro al i gnnment of
the danper strud E'rE% t%r%géss (ﬁ? ‘g‘? A g}ﬁﬁf’%ﬁ”&ﬂ dﬁ’&atf?é‘rpﬂg‘i’“gd‘fy
surfaces durdng inappéculaetensint a8 iy same ekickesttih Brdébioh afitimiE thediudibedos aihd

T

bond 15 surfaces subst t| al H/ {gl | el or paral |l el .
danpi ng nenmber s YHHREYHS '(%"'ae ipgmanutaesinse apd dhusreducing the partst ack( s) )

shoul d be posit inﬁi&ﬁt@r)\""rédﬂid?l tfa@erqu %%ﬁmﬂ??ﬁ%%ﬁ aft?gnfzr}%smg

applied to the danper”s structural I's at [eas
di ssi pated by attheeaseandlosmwumeofdmpfan@menber(s) (preferably all the

o " L e B g B P2

nmost pref er @881 y pedferhblp tite sane fir damiping letéﬁieﬂaﬂdbdted between the same two modular
damper structural members, simply for logistical reasons in installing the damping
elements. There is no requirement that all layers of such placed damping elements
have the same shape, thickness, area, or material composition. It is preferred, but
not required, that each damping element incorporated into a given damper is of

25  similar construction in terms of the number of layers and materials. -Size in terms of

width and length of the individual damping elements may vary within the damper for
purposes of utilizing a “mix and match” damper design. By a “mix and match”
damper design it is meant that the damping elements having different energy
dissipation capacities are used in the damper to yield a final damper having the

30 desired energy diséipation capacity.
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Cal cul ation of Energy Dissipation Capacity in Danping El ement and Danper
A danmping elenent is designed so that it has a specific energy dissipation
25 capacity. For a danmping elenment with a danping nmaterial that behaves

linearly, i.e. one unit of input force results in one unit of
di spl acenent iwgobhsussanpi ng materi al t hroughout the rag &?m@sfwnbﬁﬁ’“t
forces encountered, the storage stiffness (k') and | oss actor

([err]) are used to chghrflicHet previcusly ARe Baipint déhdhtd B bemBeuréd t have

danpi ng el enent. For har.noni ¢ resq_onse t he energy djssipatjon per
CyCI e (E[err]) i g:ﬂ:;m engEEySJissipatiop capacities. This can be done by altéring the composition
25-

yd%% layers or the thxckness and/or shear area of the damping layers.
PCT/ US96/ 09901 [err] é y wher el n: png: )(;?f spl acenent

anpl i t ude; The damping layer itselfig typically seleoted tmapqrﬁeablshmstrgm@umtmnt 5

bner by i sst pdt i O YBond irgngh et g St BB IS8 FR A meber SPosid 0 ©
stiffness and | Oﬁﬁlﬁgcénaéglﬁtw vhﬂﬁtaﬁd‘hﬂaﬁﬁmﬁm%&roperatm Skre¥B e As bitth, the and

[err], respectively Consi der first the sinplest embodi ment of a
danpi ng el ement hwﬂh@etweﬂgth of theidamping glemente shouldecas leastadequate trensure)

Fi | illustrat t. |d

ma?rber s 2 and 6, ?@F} @e@%g&hg%a?éngﬂsmtfmﬂ&% ively %ef&? @I of‘tﬁé’b&ﬂ &Erf{éeg

interior inner rideasinate ot ddhgmstsdffaﬂdé&asxm bonds joining the vi br ation
bond has 15 Becor! | SpAntE S8 RororebhesenBtSrrtaischatde A 98 1o 1 he
rigid menbers  gyuchliatilembbhowith MiRRAl mt&da&lbam&wﬂmttﬁe BamsiRSMaterifl 0P| ex
stiffness (Kerr Lt)yergsltcjse éoln?nelgn practice t})llat this mmal stram in the damping material in a
damper in general should be below 5% and preferably below 2%. Normally, this
requires that the thickness variation of the damping material layer be Iess than 10%.
15 Assuming the damping element is produced with minimal strain in the
damping material layers, the element is preferably produced such that all bond
surfaces of the rigid members and any bond surfaces of the damper structural
members are substantially paraliel, most preferably parallel. The term "bond
surface" as used herein refers to a surface in direct interface with a damping
20  material layer, or indirect interface via an adhesive bond, with a damping material
layer. This is done so that the bond interfaces between the damping material layers
and adjacent rigid members or adjacent damper structural members will experience
primarily shear stresses during operation of the d#mper. Departure from parallelism
between the bond surfaces of these members will introduce additional stresses on
25  the bonds during damper operation. This does not limit the shape of the rigid
members to strictly flat platcs. As long as the bond surfaces of the rigid members
and the bond surfaces, if present, of the damper structural members remain paralle!
or substantially parallel, some or all of the rigid members may be contoured or
tapered. Note that the bond surfaces of rigid members with varying thickness can
30 be kept parallel or substantially parallel to each other or to the bond surface of the



20 wher ei n: Klerr]= conpl ex stiffness of

danpi ng el enent; k[err] = storage stiffness of

danpi ng el enent; and k[err] = loss stiffness of
danping el enment - 25 The ratio of k[err] to k[err] is defined as the
| oss factor oiyd$mefianpi ng el enent. [err] PCT/US96/69901

- 26- WD 97/ 04193

PCT/ US96/ 09901 Thi.g conpl ex stiffness .of the dami
el emont 111 ust r afeEper grpguyrel morpees  the srbctural mgmbers iy Whieh they ois S8IsH 25
3\;} i ffnesses of tﬂ%ﬁd@d%h%hidg&#@ﬁ&tf&ﬁﬂb‘ it 6hingsubEd Ratures, respeﬁtively.]
erein: err ) err]=
conpl ex stiffness of YWhile# i&iﬂ'ﬁ%@?‘{ the damping element(s) are manufacture thatitst or age

st gif fness of 11 Gfgta WRHREF bond shituces are substantially paldief [dhost prekily Shraiey s ©f
5 that the damping element(s) or damping element stack(s) are attached to the damper
structural members such that these bond surfaces and any bond surfaces of the
damper structural members remain substantially parallel (most preferably parallel),
provision is also preferably made to hold these bond surfaces substantially paraliel
or parallel during operation of the modular damper. Forces acting on the damper
10  structural members can cause them to move apart, pulling the bond surfaces of the
damping element rigid members or damper structural members out of parallel. Use
of a shouldering rod or clamped spacer, or any other means of maintaining proper
alignment of the damper structural member bond surfaces and/or rigid member bond
. surfaces during damper operation are acceptable methods of holding said bond
15  surfaces substantially parallel or parailel.

The damping members (damping element(s) and/or damping element
stack(s)) should be positioned within the damper such that mechanical energy
applied to the damper's structural member(s) is at least partially dissipated by at
least one damping member(s), (preferably all the damping members when more than

20  one is present) preferably at least about 10% dissipated, more preferably at least
about 25% dissipated, most preferably at least about 50% dissipated.

Calculation of Energy Dissipation Capacity in Damping Element and Damper

A damping element is designed so that it has a specific energy dissipation
25  capacity. For a damping element with a damping material that behaves linearly, i.e.
one unit of input force results in one unit of displacement in the damping material
throughout the range of input forces encountered, the storage stiffness (k') and loss
factor (n) are used to characterize the energy dissipation capacity of a damping
element. For a harmonic response, the energy dissipation per cycle (Eciement) iS
30  determined as:

25.



k[err] = conplex stiffness of rigid nenber 6

k[err]= storage stiffness of rigid nenber 6 k" R2

| oss stiffness of rigid nenber 6 kD = conpl ex
stiffness of vibration danping |ayer 4 15 Klerr] = storage
stiffness of wbnabiien danping | ayer 4 PETIDS96/099R S
stiffness of vibration danping |ayer 4 Fig. 2 illustrates a
danpi ng modul e havi ng out eEeemigi zixkbnbers R err] i denti®ed as 20 and

Rlerr] identified as év%erei nner rigid nenbers R2 identified as 24, R3

I dentified 20 as 28, and R err] identified as 36. The danpi ng nodul e has
vi brati on danpi ng meak erdisplacénsepeamplibhde; r ] i dentified as 22, D2
identified as 26, Derr] identified, as , err identified as 34,
and Derr] identified as 3]8.‘St°"ages“ﬁ‘"ess0?8“’@%’?'33%'8“‘&?& case of a heat
bonded danpi ng el enent, as,showgdd Fig. 2, conprised of any nunber
of rigid nenber |ayers (N)ﬂan8 vi bration danping |ayers 25 (M, the
series conbination of the conplex stiffnesses of the individual |ayers is

\%)VSQ / 82:193 Equation 40 may also be used to calrrtulz.lte ener%}p&@g'ﬁfpbgé@fular [err]
wherein: 5 damper by substitatihg the 3to4pR stiffhesS hrilf 16lss'TRdtHES he dntiFd YRodiddFPI N
el enent (i ncl udi ng i nner and outer rigid nenbers)

damper for k' and 1, respectively.

10 Consider first the simplest embodiment of a damping element having two
outer rigid members as shown in Fig. 1. Fig. 1 illustrates a damping element made
up of two outer rigid members 2 and 6, one vibration damping material layer 4, and
no interior inner rigid member layers or adhesive bonds joining the vibration
damping material layer to the two outer rigid layers. It is assumed a heat bond. has

15  accomplished the joining of the vibration damping layer to the riQid members
shown. The element is considered to possess a complex stiffness (Keiement) as defined
by:

Ketement = K'etement + JK" clement (50)

20 wherein:
j=~-1;
Ketement = complex stiffness of damping element;
K'ciement = Storage stiffness of damping element; and
K" qement = lOSS stiﬂ'ness.of damping element -

25

The ratio of k" ciement 10 K'etement is defined as the loss factor of the damping element.

Nelement = k element (60)

k lelem ent
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M= t he nunber of vibration danping |ayers in the danping el enent

k[err] = the conplex stiffness of the nth rigid nenber

k[err] = the conplex stiffness ofthe nth vibration danping |ayer 10

Since the rigid nenbers of the danping el enent are usually sel ected such
that [err] fowowrnesnzand any m the contribution of the rigi fefBsdaRbook ayers
to the overall danping elenent conplex stiffness wll be negligible
conpared to that This dolmplexiskiffadss ofithd dampping)elemprd riliustratied & Figyl &an be .

db i i 90. 15 foll : - J 20
Pt harmed Y Y aftifaleddds B gl sithupises of g it lapers sombined DHESY 30, L he

conplex stiffness ofthe I ndi vi dual vibration danping material |ayers in
shear is given by: - 28- WO
97/ 04193 LN S S (70)
PCT/ US96/ 09901 Koemew Kz, kz, kp
5
1 1 1
Tk Ky Ak, Kotk (80)
wherein:
kg, = complex stiffness of rigid member 2
k'y, = storage stiffness of rigid member 2
10 k", = loss stiffness of rigid member 2
kg, = complex stiffness of rigid memf)er 6
k'y, = storage stiffness of rigid member 6
k"y, = loss stiffness of rigid member 6
kp = complex stiffness of vibration damping layer 4°
15 k'p = storage stiffness of vibration damping layer 4

k"p = loss stiffness of vibration damping layer 4

Fig. 2 illustrates a damping module having outer rigid members R, identified
as 20 and Ry, identified as 40, itiner rigid members R; identified as 24, R; identified
20  as 28, and Ry, identified as 36. The damping module has vibration damping
material layers D, identified as 22, D, identified as 26, D; identified as 30, Dy
identified as 34, and Dy identified as 38.
For a general case of a heat bonded damping element, as shown in Fig. 2,
.comprised of any number of rigid member layers (N) and vibration damping layers

25 (M), the series combination of the complex stiffnesses of the individual layers is

given by:
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[err] wherein: 5 k[err] = conplex stiffness of the

vi bration danping material |ayer ~(derr] = storage
shear nodulus of the vibration danping materi al

| ayer derr]= loss shear nodulus of the vibration
danpi ng nmat er xg) g7le@8 " 10 AD. = shear arwernedosbden:

vi bration danping material |ayer h[err] = thickness of
the vibration danmping materilal | ri < 1 Equatio 3 110 and 120
may be enployed to tune th@ LSonpl4 kStIf 5S of a da@p) ng el ement.
Increasing G[err], G [err] “and A[ er P of any vibration danping |ayer, 15
for example, wll result in an increase in k[err] and k[err] Likew se,

i ncreasing h[err] of any vibration danping |ayer will have the
effect of reduciwhfreit and k[err] One skilled in the art could thus
nodi fy equation 120 to account for the effect of adhesive | ayers on
conplex stiffness for a danping el enment constructed with adhesi ve

bonds betweers the rigid nplsthe mimbee bBrigit chembrs ki the dardping elementaineluding 20
Once the conplex stiffnesses of th indi_\zédua anpi ng el ements of a given
danper are. known, the tdhaFag f®ss of the entire danper can

be det erm ned. Fi gs. M=8bheﬁum@&%f@raﬁbﬂ%ﬁﬁlﬁﬁﬁyér@&&ﬁé%ﬁﬁgél&néi@ys in
whi ch danpi ng el enents ma{ be conbi ned forma danper: 1n parallel
(Fig. 8), in series (Fig. k)= ﬂmcomwleastlfﬁlesseﬁimthavglddnm@berpar al | eI and
series (Fig. 10). Qher confl urati ons .are al so possible. A nodul ar
danper is considered to b&xcT lexrstifingsp pithe lbmf‘%"i‘%”wl&}’q"el i f

t he danping glenents are rigidly attached, directly or indirectly, between
common round points and the displacenent experienced by (said

paral I el ) danping el %iﬂ%@ﬂ:%n}gtdmexﬂﬁerﬁaﬁ‘th& Hafipingeléhiéht BRNBuaN sbib&edltueh! acenent
of the nodul ar danper _itsel Fig. 12

-29- that Ikk. ‘ » kD...l for any n and any m, the contribution of the rigid member layers

to the overall damping element complex stiffness will be negligible compared to that
of the vibration damping layers. This may be represented by reducing Equation 90

15  as follows:

(100)

20 sothat:

i‘: 1
= 2 (110)

As noted previously in Equations 20 and 30, the complex stiffness of the

individual vibration damping material layers in shear is given by:
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shows the absol ute di spl acenent of the danping elenents ([err]x) and the

entire danper (AX). Note that elenents 386 and 388 in this Fig. 12 are
in parallel since: [err] 5 -1f there is no slippage between the danping
el enents and whor6a89er structural- menbers and all ri gigbrARgHedosy and
all the structural nenbers of the danper are sufficiently rigid, a
danper conposed of a nunber of danping elenments in parall el can be

cal cul at ed by: [err] wher e: k[err] =

conpl ex stiffness of a nodul zG'Ddam)Der {G"s. A, Q = the nunber
of danping elenents in pagpklert—=+ i —= = k [err] (120¥ conpl ex
stiffness of the qth danping el hm;nt. 1 hn_ Simlarly, a nmodul ar
danper conprises danping elenments in series if the danpi ng el enents
are attached in a stack arrangenent -and the force acting through each

of the indivi duah danping elenments is the sane. Danping el enents connected
in series thus Y3H®® so be referred to as a stack. Assuni ng once again that

no 20 slippage occurs bpLwe i . tﬁ“g . er
structural nenbers ané"tﬁg&{'ﬁlgﬁtﬂ@%ioz%ﬁgﬁ@ an ﬂ%rﬁﬂﬁaﬁﬁ ructural
menbers of the danper areG'y - gsuid it é'rgﬁﬁdu lof HeQibrid { f f ness of
a danper conposed of a nunba&r so‘?ﬂdé e arrpl)ﬁrﬁé) gieen%n@@%g%éezmnay be
determ ned by: [err] Hger e: k[err] = conpl ex
stiffness of a nodul ar dapper S = the nunber of danping

el ements in series p, = loss shear modulus of the vibration damping material layer

j=1/‘Tl.

10 Ay, = shear area of the vibration damping material layer

by, = thickness of the vibration damping material layer

Equations 110 and 120 may be employed to tune the complex stiffness of a

damping element. Increasing G',_, G and A,_of any vibratien damping layer,
15 for example, will result in an increase in ky,  and Keemew. Likewise, increasing hy,_
of any vibration damping layer will have the effect of reducing k;, and kejemen.

One skilled in the art could thus modify equation 120 to account for the effect of
adhesive layers on complex stifiness for a damping element constructed with
adhesive bonds between the rigid member layérs and vibration damping layers.

20  Once the complex stiffnesses of the individual damping elements of a given damper
are known, the total complex stiffness of the entire damper can be determined.
Figs.. 8, 9, and 10 show three representative ways in which damping elements may
be combined to form a damper: in parallel (Fig. 8), in series (Fig. 9), orina
combination of parallel and series (Fig. 10). Other configurations are also possible.

25 A modular damper is considered to be composed of damping elements in parallel if
the damping elements are rigidly attached, directly or indirectly, between common
ground points and the displacement experienced by (said parallel) damping elements

at any time is the same as the displacement of the modular damper itself. Fig. 12
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PCT/ US96/ 09901 = conplex stiffness of the sth
danpi ng el enent. : . An exanpl e of a nodul ar danper nade up of
danping elements A 172, B 174, C 174, and D 176 in parallel is shown

in Fig. 8. Applpiodgeesiuation 140 to this 5  danper yields: perafséégobor
where k[err], k[err], kc, and k[err] = conplex stiffnesses of danper

el ements A, B, C BQsQ:e %&é utb ﬂﬁﬁﬁﬁe}{%ﬁfhe dampén%elemegts (A@ﬁn@%@ e Of- @

nodul ar danper e up o anpl enents E In series
is shown in Fig. d}mpﬁmwgn ﬂrg:tﬁlpalaaldmtsjm and 38inghis Figp &2 arpiirepatallel since: [ er r |

where KE and kF = conpl ex stiffness of ,the .da ng el enents E and F,
respectively. Fig. 8 [ él‘ﬁna‘rﬂa nore conpl 3Modul ar
danper where danping el enments 20 H269 and 1264 are in parallel and upper
el ement J268 and | ower el enent K268 are in parallel, but the conbined
conpl ex sti f f sesf tHeredik AGEliPpaze hebifeen itk da&@ﬂug%l@nelnfs and the d%ﬁbéres‘éru‘e‘.‘dul'dl' the
conbi ned conpl ex stiffness of elenents K268. Wth usual

assunptions that membess and gllrigidmembers andxik the structusal mbprsmg?ﬂm dgmwt geand t he
| nb
St ur al e RO U Pl R BB

resul ting conpl exasbe tdleulsted byt t he danper shown in Fig. 10 is:

10 dllll per Z k element, (140)

g=1
where:
Kdamper = complex stiffness of a modular damper
Q = the number of damping elements in parallel

K dement, = complex stiffness of the qth damping clement.

15
Similarly, a modular damper comprises damping elements in series if the

damping elements are attached in a stack arrangement and the force acting through
each of the individual damping elements is the same. Damping elements connected
in series thus can also be referred to as a stack. Assuming once again that no

20  slippage occurs between the damping elements and the damper structural membefs
and that all rigid members and all the structural members of the damper are
sufficiently rigid, the complex stiffness of a damper composed of a number of

damping elements in series may be determined by:

25

(150)

Mm

i 3

damper 8= clement 4

where: _
Kaampe: = complex stiffness of a modular damper

S = the number of damping elements in series
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PCT/ US96/ 09901 One skilled in the art could extend this result to
calculate the stiffness of a nodul ar danper ‘enpl oyi ng any nunber of
series and parallel conbinations of danping el ements. 5

Install ati on &fo&mapisng El ement(s) into the Mdul ar Danper perusesn99or

The danping elenents are typically constructed such that the outer rigid
menbers are of different |gngth onnecti.ng
nmeans as in Fi g. 1,ET'—T"@‘.’ cm%%@%%%@g&%é@g?ﬁéxam e, the
inner rigid nenbers, if 10 present, would typically be of the sanme shear
area as that of the danping |ayers as in |, Fig. 13. Alternately, the
inner rigid menbers Al exanninef aynedularkiampermade ypiof damping slements A 172HBwn i n

Gl ot auring opey i a8 Bk @i ik 8 MBS 0GR 07,

menber s 5 adenpe yidldsf erent | engths so that the bolt holes in one are

| ocated farther fromthe 15 danping layers than in the other to prevent
interference between the bolts during installation of the el enent
into the danper. Kasmpee = QY k3 +d@00)g) havi ng gy outer structural
menbers and one center structural menber , oge ?))? t he danpi ng el enents
is typically first attached to the center structural nenber, where

f th Igk d | Lts 20 ' d
caci Iy aceessi bl B Ky ok B4 Re- boPRbiehlRes dMERpR et p B R GADY °1°

outer rigid henbespectifely. he danpi ng el ement. An outer structural nenber of
t he danper is then connected to the other outer rigid nmenber of the
danpi ng el enent. A simlar bolting operation can be foll owed when

| nserting one of or eAflaiRipior a moduls? UGHFE ikl ib B EMitl el Rl 23 fatf! UT

menber and the other outer "structu Wer ent
means of attachiF@37 insemksipshogndh Eigeft Applging Equation 150 t this damper yields:

15 = + (170)

where kg and kr = complex stiffness of the damping elements E and F, respectively.

Fig. 10 illustrates a more complex modular damper where damping elements
20  H269 and 1264 are in parallel and upper element J268 and lower element K268 are
in parallel, but the combined co.mplex stiffness of elements H269 and 1264 are in
series with the combined complex stiffness of elements J268 and K268. With the
usual assumptions that 1) no slippage occurs between the damping elements and the
structural members of the damper and 2) structural members and rigid members of
25  the damper are selected to be sufficiently rigid, the resulting complex stiffness of the

damper shown in Fig. 10 is:

1 _ 1 + 1
(k; +ky) (k,;+k,)

. (180)

damper
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menbers of the danpers may be used such as nuts/ bolts, dowels, welding,
i nterl ocking surface features, bonding, etc. Each particular nmethod has its

own advant ages and di sadvantages. Bolting, for exanple, allows quick
and easy 30 installation of the danping elenent. In addition, no heat is
requi red duri ngobmbsrbg . whi ch coul d soften the danpi ng pgphRbdddbor

| ayers and any adhesive |ayers that are

- 32- Y/ . . .

ber Usae/ 0gg01 | O™ s“%&p?‘?s‘eeﬁtt could extend this result to caleufat the stiffness ofia modular
somet i mes per mi t slamperampleyinganyeember of series anbpaialiehiompinationserfidampidg t he
structural rrenbergeﬁ) ue to the bolt hole clearance _ when the
friction force between themis snaller than the force experienced in the
danper. 5 The slippage in the danper will decrease the
efficiency, i.e., its ability to ' function as a danper, of the
danper. This decrease results fromthe anount of danper di spl acenent

that is not trangidfth dfDinipmeiABRLAG) FE GEMbPDAHEE { e rigi d
ng w

menbers when the bolis are Vi e hol e cl earance.
Closely fitted parts {Thedampingelements art ypizaliysconstriictialnpelr that the otiter digid menmber s) .
transfer 10 su nii.al ly..all ofthe ene I nput, i nto the danping | ayers
wher eas | oosel y W gléaﬁé%lﬁr%\éfepgﬁwwﬁfnﬁcgé&ﬁ B?eﬂaﬁ §°B’?’F§P©§/’r"r‘gq“éﬁ§'f“err_ed
to the danpi ng meigeq, Fig, 4, #ige1s,ahd Fig. 14. ForftaMple e inflerlrigfi mbsibds, #enber s and
structural nigbers i s al a, concern when bol ti ng al though this is a
concern for a?l PW“@Y?@‘@B’PK‘}F“YM thpame shean area as that of the daoping layersisdn her

di sadvantage of g 13 Ridredahe L9 bl BRARE to be
ext ended past the%Idar[pi ng ?a ’er?s t%%%&vm%’rghlg%gﬁ 0 a?tﬁg?x?ﬁpﬁggllag%?gsasi ng
the length of t hehoveipFigy4Figroeand Fig. 14 to facilitate heat diksipmation intheldamping el enent s

are typically firs ttached to t cente strucgtural nenber, of the
danper (when a dgl_ﬁ%‘g?t dhﬁ% W‘l‘ﬁ?-ﬁ%‘?ﬁ&?’fiﬁ%@“ﬁéﬁ?ﬂé‘f .%‘c_"“te”'_& memberyy. 7,
Fig. 8, Fig. 9, Hie®fdifferenfiefgthslsd thititBe bolBhol@slone e lodhted Firth&i s BleePar ed)
20 foll owed by attachnment to the outer structural nenbers.

The danpi ng & enS#¥Ring layers,than jathe pthextojprevent interferanqedetvrien therbolts dyring f one

danpi ng el enent in&aﬁﬁioh%fiﬁ&%feﬂ%ﬁqﬂtotlﬁé Lwo structural nembers the

danpi ng element Is typically instal'l'ed such that each outer rigid

menber surface of t heForadamperhaping gwe bateesttuchgal aembeisand bne dehter stichaale of a
el enents are to

different struct 5. . Jf. three danping
be installed in @é‘?‘ il)%ggr[)gg({?rmﬂ)eeeﬁmtp% °Le{'}°ﬂ§1’%ﬁ>'a'|°a'i} first aaﬁ‘g%&’rg‘e §F danper,
the danpi ng el ensnicruratmyeniber, whertei ona bf the Sutes Kgid niiberbdlEeEitions %vhen bbigs each

other via thgjr outer,rigid nenbers th the exposed top and bottom outer
ri gid menbers of ¢ H#&P‘&%ﬂﬂ'&&&%%?w\é%m%ﬁéa ﬂtW%"&‘bﬁf‘&f‘%"%‘f‘?m ur al
menber . outer rigid members of the damping element. An outer structural member of the

damper is then connected to thé other outer rigid member of the damping element.
A similar bolting operation can be followed when inserting one or more damping
elements between the center structural member and the other outer-structural

25 member.

Different means of attaching the damping elements to the structural
members of the dampers may be used such as nuts/ bolts, dowels, welding,
interlocking surface features, bonding, etc. Each particular method has its own
advantages and disadvantages. Bolting, for example, allows quick and easy

30 installation of the damping element. In addition, no heat is required during bolting
which could soften the damping material layers and any adhesive layers that are
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See Fig. 11. 30 Thus, the outer first rigid nenber surface of a

first danping el enent would be attached to a first structural nenber
surface, and the second outer rigid nenber

- 33- WD 97/ 04193

PCT/ US96/ 0990%y0 9704193 Surface of the danpi ng el enent attachepé.ﬁzﬂsﬁm;; i St
outer rigid nenber surface of a second danpi ng el enent. e second

outer rigid menberesawir Aalisadvdntagh ef belthyid that it sometimgsipagmity slipFagk betsvead .t ached
toa first rigid

er surface a third d in el enment. The
second outer riglf R’ngtégﬁptfﬂ'ggﬁ%ﬁmﬂ?éalP??F\%g'fiﬂéﬁﬁf%ﬁ‘eéﬂéhﬁlﬁtdea@““ woul d
then be attachedwhen the fidtion FsrcObetivish théif B iehalldr thiér tHE Mrcd BXPLSEnced in the
Thus, two or nore vertically stacked and attached danpi ng el enents nay be

attached bet weend3Mpsrstruct ural menbers. Anot her

representative situatd A ] t.h in | egent s r.at her, .t han

bei ng st ackedgvert i ca| i yhgﬁag\é%g{si'ﬁdf‘%ﬁe:rdﬁﬁg%r?gﬁﬁgl G e 118 6‘%'];‘%& such
that the first 1lfunction#sardamper, of tiiediapers This dereRt rexakd roka Ik dtbufit NENt i S
attached to a first s ctura er q%‘uéhésﬁce and the second outer

I | . e . ]
rigid menber sur faTRsT 'Isgl@‘éfgﬁ" thatss net t”‘"grfp"“'e"e mping ety rqughthe surf ace
of the second Stﬁgiﬂiﬂéhﬁbrsmﬁeboﬁﬂﬁktﬁ&ﬁiﬁmﬁnthes%%cﬁ%?ﬂ\eth%#%e‘i&'ﬂ&.?ﬁred In
ers o e

paral l el between said first and second structural _
danmper. 15 Closely fisted-parts {i-6.i dpmpingi elementsradd damper ssucstiratimembers) tengferent s

are al so possggj bl . LG IS relgtively ea ans. of
attaching t hgo daﬁ’&“ﬁ‘b"“é'Y glgrgtr.]tthf Sesxe:rg fngut ‘&P/éﬁiﬁa“fﬂpfﬂgﬁvefse‘a\\}eﬁsi%sgﬁ Stethper
efficiency can opariswillvesult in fedsené 9'trﬂiﬂfer&k!it6>ﬂﬁmlﬁmping mat&RI Mp&R).Lhe rigid

menbers and structural nmenmher as long as the wel ds remain intact. In
addi tion, the ouBuakling igithe rigidimembersapd storctiral\membersisalex e comberh wirenor der 20

for the danping ﬁgtqﬁh J W4 O e, d er.. di sadvant age of
wel di ng [ sﬁ{l %‘?’ﬁi‘ ‘ggﬁgeir]g“{"gﬁj"g‘&r“?'gﬁg" f{'ﬁgodgrog?g'ggmg M se the
tenperature of téttac i Agother disadwamtageiofiboltingyie timt dredudr rigithrembess hay er s

t hus introdugd n i sk _of .damagj,ng the bond r .dapping material .
Bondi ng of tﬁﬁe g"f?%%?%% %&M??QM??’BmPﬂEPaHQH&?“‘W for g??r"@gl"&e § wergaging
advant ageous i n théRkhgthlof tife dapigleldahty t hat buckling will occur in the

outer rigid menbers_of the danping elenents. It is also advantageous
in that extension of ¥4 the damping elements a5¢ typicaliifirstcatischad to the agatepi ng | ayers

i's not required. AR tlemBeSad ' hondi IS that it
is more difficull _andﬁtl maé'(s:onsum g‘e{%haeﬂag?ﬁé?ﬂqaﬁgkh\égee’t‘ ou'ﬁweﬁanper
nust be handl ed asan BguT,|Fjg. 8nFigl 9,tFig 14dFigs12y Bigh & aad Figo20 3being prspaeapd.

20 followed by attachment to the outer structural members.

The damping elements can be installed into the damper differently. If one
damping element is to be installed between two structural members the damping
element is typically installed such that each outer rigid member surface of the
damping element is attached to the surface of a different structural member.

25 If three damping elements are to be installed in series between two structural
members of a damper, the damping elements may be vertically stacked and attached
to each other via their outer rigid members with the exposed top and bottom outer
rigid members of the stack each being attached to a separate structural member.
See Fig. 11.

30 Thus, the outer first rigid member surface of a first damping element would
be attached to a first structural member surface, and the second outer rigid member
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PCT/ US96/ 09901 Dowel i ng of the danping elenents i s advant agous
in that the occurance of sl i ppage conpared to bolting is reduced. In
addition, it is easy to attach the danping el enents to the danper

~structural nmerbgbmeMbr doweling. Also, the rigid menber gcgRsitRbogiave
to be extended in order to attach the danping elenent. A 5 di sadvant age

gf dowel ing is tflﬂfac@éf&ﬁé adnmmgmhénmgmhaf totmstdﬂwkighﬁhﬁﬂ#' Burfdee of a -
anper structural nmeppers is requjred. It is .necessar 0 e a precision
fit bet wee nsepwg{%gwgqg "‘iﬁ‘m‘“ﬁo segppd outsg "gﬁé?e"ls"ﬁ'égl“é}af’%"ﬁge fe&"g of

danper effici enciamping element is attachie@ tO2 Hst HEi@ nievibkd suffBcedf atthifd Qumipiig i 9i d
menbers of the danpi ng el enent (s) is a factor that nust be taken into

consi der ati on whelementn¥he secondautertrigidapembessurfage of the thiwd-dagipingrelementsent

I nvention. Bucklin an,occu en 0 r Gl r| subj ect ed
to excessi veufcon’ff?‘gg eBr?eﬁtg%?j?%rq%g{af%‘gtg{)seefgﬁsgrﬁ%wﬁﬁ@b%anper (See

Fig. 23a). As an exanfHus, twoos uitee vditidally Backediand attdchied dafmpitipelementsandyibel i rm y
attached to a structural nenber at one end of the rigid nenber and the | oad

Pis appl i e#ttaghedbetvesp ke stapcturakmenhers: i gi d nmenber as shown in Fig.
20 0110 1 et AT i Sl 8
rigid nmenber being stacked vertically &re-positioneid ihorizontHly tdveach other such that theigst
L = length 0{0 ri gdtgr nrzg?m%ber surface of each damping element is attached to a first structural
member surface and the second outer rigid member surface of each damping
element is attached to a surface of the second structural member. Such elements
are thus configured in parallel between said first and second structural members of
the damper.
15 Other configurations and numbers of damping elements are also possible.
Welding is a relatively easy means of attaching the damping element(s).
Very little reduction in damper efficiency can occur due to the minimal slippage
between the rigid members and structural member as long as the welds remain
intact. In addition, the outer rigid members may not have to be extended in order
20 for the damping element to be installed into the damper. A disadvantage of welding
is that heat generated during the process can raise the temperature of the damping
material layers and/or adhesive layers thus introducing a risk of damaging the bonds
or damping material.
Bonding of the damping elements into the damper via adhesives is
25  advantageous in that it is less likely that buckling will occur in the outer rigid
members of the damping elements. It is also advantageous in that extension of the
outer rigid members past the damping layers is not required. A great disadvantage
of adhesive bonding is that it is more difficult and time consuming than other

methods. The damper must be handled carefully until the adhesive has set or
30 hardened.
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E = the nodulus of elasticity of the rigid nmenber. If the
actual load applied to the rigid nenber is close to the critical buckling
| oad, the rigid nmenber can be thickened, w dened, or shortened to increase

t he 30 critical | oad. - 35-
WO 97/ 04193 wo 97/04193 S PCT/US96/09901
PCT/ US96/ 09901 . Strength of Rigid Menber. Structural Menbers and

Fast eners . The. outer. ri,gid nenbers of .a . dangpi ng el enent and
t he mechani cal fasté)r?é‘fegng"fethe amRihE: ‘ng‘(ﬂ@&"‘ﬁé?wéﬂgt_"ﬁg‘gé“cﬁg?er rigid
nmenbers and a dRppage cohpaied ié'b%ltin% ifredudeB. TREEddRidE/ i0fs casy 16 aftech the gi d nenber
of anot her danpi ng el enent nust be strong nough to transfer forces

) e s
bet ween sai d méamEing elements ta the dampgr spuctualmembers viagdoweling. Alsq, the figid ot ed

Edi (1 on, - aut nor Sty & 1t ARt pf obadR GRLAP auito eSRInp g ccprn " !

MG aw Hi | | §  disadvantage of d¥@4ing is iat precision machifimglof perdoiveliales ipthet (or

dowel , etc.,) pattern w have its Q dvant age and di sadvant ages
and Shoul o be SamaE St meRs s it R Pete Ry da b preiion Bt 52
antici pated en@etween fie doliRl shddo®el hofe SoBARRED istiol 18 oF dariiperffitiendy. POSSi bl e
bol t pattern_includes bolts enconpassing the perineters of the outer

rigid menbers of  The possible bygkling of theioutes sigid-memberspighe dampingrelement(s)

representative; i . j a series
of bolts on thé%ﬁ%k%agé‘u?&gﬁéﬁ% %’%%Hg‘?k’&f’g@é"m&é ﬂ%&*‘%@&kb) edges
only of thd@0outiemperiafitie presehicineentidih Bupklingean ectubwhen gooutetaigid memberis et c.)
configurati on depends on the space copnstrai.nts of the qag}r)s:r ang, t he i nput
load to the dafpasctertoiexeesyyromnression load during the operatign ot s are

al so shown for NN ol 1 i : ! i se edge has
been wel ded, Ffég?bﬁi)Bg\sva\/nagrE e 'ﬁi’%ﬂ%‘ﬁ%ﬁgﬁ%ﬁi@&gﬁg%ﬁmw been

wel ded, and Fi gttachgd tavhgtrusturalawembet atonk gudofibe rigidinsember anddbeipad Ras peri net er

of the outer 1| gl URHRCl e S nd BicHEler 5s SRRNH HG LRPBIEARN losg dove!

pin hol e rangemne ng factors are taken
into accouns i PLHdderigid membercbubkiingiingalcdfated asonfi guration: the possible
buckling of a rigid nenber, the size of the parts i nvolved in bolting
(for exanple, rigid nenbers and danper structural nenbers may need to
be | engt hened and/or w dﬁggdntgl acconodat e bolt EI%I es), the size and
quantitity of bolts adeqtatezgie—generate suffici P friction to pr event

sl i ppage of the

where
20
I= -Ev—li | (200)
12
w = width of the rigid member
h = thickness of the rigid member
25 L = length of rigid member

E = the modulus of elasticity of the rigid member.

If the actual load applied to the rigid member is close to the critical buckling
load, the rigid member can be thickened, widened, or shortened to increase the

30  critical load.
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danping el enment rigid nmenbers agai nst the danper structural nenbers; the
need to 30 access the bolts for installation and renoval; and the need to
have cl earance for i nstallation and renoval of the danping el enents.
- 36- WD 97/ 04193
PCT/ US96/ 09901wo 97/04193 Fig. 17 shows a generalized outerpdrhfsbdossiroer
sectioned into regi ons 564 and 566 (| engthw se edges), 568 and 570
(wi dt hwi se edges), and 562 (interior). The boundary between the edges
and the interiorg n urface j contact with the
adj acent danpi ngS < }t‘S‘f M %E‘@C Jﬁcﬁel%br%—a@-%ﬁ’gﬂigw Il 5 have an
interior region but eHpcoutergigithmemieys ofa daniphig\etenizt ndahembchahiodl fateasmi! € i N
Fig. 5 where the ing | ayers haye the sa |l ength and width as the outer
rigid rrerrb@'g@.mﬁlﬁge HT‘%'%@E’Y‘F@P Qes%%%',"%m@fs, angra dampaestuciusal at i ons
mey be sel ected jugmber and/oR i oRELAighl el i ealofl Ons as
o sadiof B el il Reber s dBlpip el s BERS 8

|l ong as all factors previous hav een suli count ed
for. Additional | gnough tyi transfedforges betwebresaithmeriliers. Disgustien of toled)ddweled any
combi nati on of net;hods,.f.or e le, Fig. 4 sh an . el ement whose
outer rigid rrenb@d{f J‘ﬁf‘?ﬁﬁ'ﬁ@%BV’&@'mi%{%ﬂ&wmm@ Sth douel
pins. Any bolt CcRdifiorgdathbiediby ) Shigle aid OXC Misthié, PablisA& By MEGRAAGHN ai nts on
t he danper and design | oads on the bolts and other parts “are not exceeded.
Sinil ar comsi ¥8Pati ons apply to other fastening nethods. 15

I nstal | ati onypf the il B (of dHwe1 2t . The -

nodul ar danper of thel\@lgj}ll g%'nt in?/te(ﬁ{lonl’%g:ﬁséé&wwll*ﬁa&“’fﬂwﬁaﬁﬁwﬂﬁs of
structures i ncl vatddipaduantages andishouldbe selectell based upeihe giatdpidis usidu@d thedr | dges,

t owers, (such as er rs, equipnent towers etc.) c¢himeys,
machi nes, equi pnaé'ﬁ?'?%%%WB8F§‘%§@§d&?gVWF@V%§WW%§b Balht yes,
scul ptures, sol gattpanifdhsdes boltsuneERRBsing the perithdtsS SEthe oﬁﬁFﬁIg_lid nbers oft C-
The nodul ar danpgr of ,the invenfign installed in the ultimte
structure to bet

_ &, fatening element a5 indig, lggyﬁmrirmmﬁmmglewﬁa possible desi red
damping effent . Hok‘pafisdiiiofes b Stiet BEBHIR bn SRR ARNFRC1 S BRIy | 2 1 1S

danmper 25. structural nenbers to secondary struct t he
structure to be (Hignp¥ edges only(of thetoutes rigidonerbietrs The prefeered bole oy ddwely

structural nenb f .St tyure are then . ypi cal | onnect ed
directly to t heee%% ér%r’anﬁ%@ rg?énu%%? on erfﬁ%‘f’swﬁﬁmlqtfeﬁéf‘%/&é'mﬂ'@yqt ¢ jggut
danped. See Fi g.loddowieedampehduriigdpbitioflanper is connected via its danper

structural nenbers 8%?. nd 810 to secqndary structural menpbers 816, 820 and
822 30 of the stru lﬁlﬁée{aén own for welding in Fig. 16a where the entire

20  widthwise edge has been welded, Fig. 16b where the entire lengthwise edge has

Uao

been welded, and Fig. 16c where spot welds have been placed around the perimeter
of the outer rigid member. Figs. 15d and 15e show two representative dowel pin
hole arrangements.
The following factors are taken into account in determining a bolting
25  configuration: the possible buckling of a rigid member, the size of the parts
involved in bolting (for example, rigid members and damper structural members
may need to be lengthenéd and/or widened to accomodate bolt holes), the size and
quantitity of bolts adequate to generate sufficient friction to prevent slippage of the
damping element rigid members against the damper structural members; the need to
30  access the bolts for installation and removal; and the need to have clearance for

installation and removal of the damping elements.
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PCT/ US96/ 09901 The term"primary structural nenbers,"” as
used herein, refer to | oad bearing colums, girders, walls, and
braces of the superstructure. "Secondary structural menbers, " as used

herein, refer Wdomaaecti ng nenbers between primary struct ur gerasesos9o1
menbers and danper structural nenbers. In the absence of a danper, these
5 secondary struct (Fgll7sbovss genemlized aptdr yigideerhten dectioed intorregionsdhiddt hei r
own wei ght. Anot her, h f._inst.al lation i ves
connecting the sﬁ"fiaé?QF%ﬁthWéﬁﬁ‘&ei)ggé angcggﬁ(vﬂg'“ﬂﬁ §?s)’a‘}"rdé§¥ﬁjm.8r)t he
primary struct urgie boendaey bet@ben the eddes it thé. intérivr Bhe edge of titrioad surfade inhi S
ci rcunstance the structural nenbers of the_danper wou]d typ'l cally,

need to be el ongantest with theadiapesh damping layss, Note,that evsyeslampmg ¥l ¢ hey
| d- be 10 ' s h
o e 10, 5 41 By R L T UL e

structure to be acement "and
| ocati on of the Figduvhere therdampingflayetsdave the samentergth achwidth as thdeutertrigidt ure to

6 SRS 1 S o, b i g e

The present invehf® apee i _ _

foll owi ng fi gur Qay pattern in any one or mbteChf tHesé tegiohb EFloRS aralliaéthts iyl e _
conprising outer rigid nmenbers 2 and 6 and vi bration danpi n‘%wématerl al
| ayer 4. Quter rinentignedchaye beey suitablyacsountsdfary Hdditionally, a givenidgmpingelement 2 i n

order to facjjit t | | : ' r '
Bolt hol es Siolare (;.Ur‘ftagtlg %Heeg%&%h%%dﬁ&rnlgé?dm gtél%sg?ﬂg%ﬁirgﬂgF%Q%rar and F2
represent the 2Qlenieat whoseatitdr figidanerhbees ateateiched byogicimbination of boltsand Fig. 3

illustrates a danppi ng nodul e congri sing outer rigid nenbers 42, .
adhesi ve | ayer s dowebpigs. vAmy balt configuatinntgn he employgd asdong as sige constraints on

Fig. 4 illustrat | mQ: L Sd I LOi §hekr 92, an
outer rigid marrbtgt?d \ flg;r;:d ?%}%?&g%(?%ﬂ%re@{t% %ﬁh%ﬁgg%%éﬁ{%%g&\?l&%r ation
danpi ng 25 matoensiddratiomy epply fbotherdadehingAnéthadsve | ayers 54 are used between

the rigid er and vibration danping material |ayer interfaces.
Bolt hol es and dowel holes 78 are present in the outer rigid

menbers 52 and Qfstallation of the Modulalr Dampér ihtolal8thichireés a danpi hg nodul e havi ng

S TR T R T Ty S E T g
vi bration danpi ngn et inchldidg®ie hot iMiRE t6:8R Following: buildings, bridges, towers,
(such as water towers, equipment towers etc.) chimneys, machines, equipment,
20 floors, facades, vehicles, monuments, statues, sculptures, solar panels, telescopes,
trusses, dams, roofs, etc.

The modular damper of the invention may be installed in the ultimate
structure to be damped in a variety of locations depending upon the desired
damping effect. For example, the modular damper may be connected via its damper

25  structural members to secondary structural members of the structure to be damped
(such as a building). These secondary structural members of the structure are then
typically connected directly to the primary structural members of the structure to be
damped. See Fig. 20 where the modular damper is connected via its damper
structural members 806 and 810 to secondary structural members 816, 820 and 822

30  of the structure to be damped.
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PCT/ US96/ 09901 Fig. 6 illustrates a danpi ng nodul e conpri sing
outer rigid nenbers 104 and vi bration danping material |ayers 106
with filleted edges. An inner rigid nenber | ayer 108 is bonded

between the vi iogrqidsdanpi ng material |ayers 106. The inner pepmso jd
menber extends beyond the danping |ayers 106 and the outer rigid nenbers 5
104. Fi g.Thé térii ‘ipiinani siictarabmembersl” aeoded herein, raftd Rad Baarmgr  of

the invention. The danper conprises outer structylyral nbers 114 and
cent er structural°°"r’é'??5’e$"‘fj°rs'%sﬂ'€§f&f‘ 9 %@Perﬁpé,c&"&orﬁff?@gg'ﬁtrﬁ dual
danpi ng el ement s nichibess,"t @aidedherein, refePR! coRfiRtihg MeMbére betbeérisnmbnperdBRERET S
114 and the center structural menber 116 via 10 bolts 150, nuts 151 and

dowel s 161 and 1@vembersanddamper sifuetneshmembers. 7ingheghserce of a dampergheser ri gi d

menbers 140, ignn lagll : ' | I n terial
| ayers 144. OJst efsE%c{n?%gs W%@B&éﬁc@% “yrtgé %%Jri]ge 3@ \91"3}'%”%%“{” \ggightr ods
122 and bol t s 1ZGotherimethod bf installatioh invelvesdoandclidg thestradtanl méhResied to

primary structural nber 120. Shoul der rods 122 and 124 pass through
hol es 160 in the %Qm@mpi‘g‘ﬁr ¥‘9¢‘ﬁﬁ?‘é’?‘a’ﬁé’i%‘ﬂm‘1‘!ﬂ‘.‘b°rs of the structure toge; ough

the danping el eme@inped. 1ih tAik BircuRiRiaASENE SFhchREIShdmiRs mmw woﬁaf,g,fcggy For

i ndi vi dual danping elenment 117 coul d have a different st ness Vv :
exampl e, two el emeed to beplongated inralatiorstothe previows ease infondas ¢hat thiew would bewo ot her

danpi ng el engpt S BBIEFGEhC g&gwwéﬁc@galﬁ{ﬁhgé{g??ﬁw sﬁ‘P. !%t&ggg{]n?s I ni ng

two 20 danpi ng el enents na strTfness,
resulting in 65 unitsQOsher methods of plidemestang &rcatioriss the imbdulersiampér dfthe he

center structural. nmepber 6 if dappin . el ements 117 haying,.the sane
stiffness were pd%® ﬁ"ﬁh‘@ﬁ’]% “Bﬂ%%% ‘&"H@%“’B‘fheﬂ‘? erstood YH’@FR%PI{‘]’SF}@& ur al
menber 116. art. Fig. 8 illustrates a nodul ar danper havi ng outer
structural menbers 166, and 25 inner structural nenber 168. The danper
further conprises danpPRBressndjaveptionmay be better undersioodibyrefeydng tadhet ed bet ween
the inner stryct WWW& 168 and the outer structural nenbers 166.
Danmpi ng el enment 172 co I ses outer rigid nenbers 180, i nner rigid
menbers 182 and vi br aFigoh iltstrgesaydampingriaduld comprising 8utebrigid edmbers 2aad 6

and 50° vibrati 310 GRRRPR BerefETRerar s £ OBl B o et HEBRY obEhp ng
el ements 174 rigidanetiber 26n ordecto fidilate theindtaiationlOhe inbMlE intd Hlldnpepnber
200, and vibrati %%Itqi%lggisgge contained in outer rigid members 2 and 6. F, and F; represent the
20 forces acting on the damping module. - _
Fig. 3 illustrates a damping module comprising outer rigid members 42,
adhesive layers 44 and vibration damping material layer 46.
Fig. 4 illustrates a damping module comprising an 6uter rigid member 52, an
outer rigid member 68, an inner extended rigid member 60 and vibration damping
25  material layers 56 and 64. Adhesive layers 54 are used between the rigid member
and vibration damping material layer interfaces. Bolt holes 70 and dowel holes 78
are present in the outer rigid members 52 and 68.
Fig. 5 illustrates a damping module having outer rigid members 86 and
vibration damping material layers 90 and 94. Adhesive layers 88 are present

30  between the rigid member and vibration damping material layer interfaces.
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PCT/ US96/ 09901 .material layers 198. The outer rigid nenbers on all

t he danpi ng el enents extend beyond the vibration danping nateri al

| ayers and any inner rigid nmenbers, if present, to facilitate bolting
of the danpi ngootefigsnts to the inner 168 and outer 166 PCIIUSYS$99612 |

menbers via bolts 216. Shoul der rods 124 which pass through holes 160 5
in inner structural Figrfibusttés a dempingaiodoletcompssingioitentigid members 30466 vi a
bolts 158

using a "seri es“b%‘t"”blmé'?gqmg al USt[}?E ?ﬁ&g‘i& %BE‘? ons rﬁ'lrjglt o

menbers 226 andiayetdos tsmcﬁaedgdmwﬁahbranon danmmg:mﬁter?a%thye:@nds datmm
el enents 227 and 237. ;g ng, el epent, 227 which i baql ted between

outer structur amslﬁm%@w EWOP%H@ﬁaWWEWdeﬁ mmputzsng*dmmbers bol t s

250 conpris o] rigid menbers 228 and vi bration danping material |ayer
230 bonded there étmeen. The outer rigid nmenbers 228 extend beyond the
vi brati on danpi ng nﬂﬁgzﬂixﬂthstﬂategene&aﬁbdnmmg:oéthlmm:npeﬂmhemaes outer

rigid 246, i nper r| i.d 40, .and vi bration da
material | ayers I@\—)%mper COmMATISER) QY Nﬁ%@ﬂb“t‘ﬂ@e 0164 sluct E‘é&’ﬂe‘ﬂ
rigid menber 24ﬁeexh@m§pepmaanﬁr§e§ taewtdaﬂedmtmfg éiedi@tfﬂf’ﬁﬁ aftdbheand t he

vi bration danpi ng material |ayers 2 Fig. 10 illustrates a

nodul ar darrper kebeenithg wgermetur%memb@r@rl&t angthe egnter structurapmamberd 16 iger

©her abet weeld v ot 430, muBESY ol dBREKH EPafd Y622 B BlhoblaCel i, P57 comprise
menber s 2ofteraripit me:hbm 140) ud!éﬂﬁgxd fhefmibére 142hnd ﬁbﬁﬁo@&aﬁn gerial

t her ebet ween. Darrplgge nodul e 268 conpri ses outer ';9"-'? nmenbers 286,
i nner rigid menBears MoOuteq structural membess 1 14areieonpedied vias 49!"'@&}3?%“@88

bonded t her ebetysgeiss THEteP erEur létgén‘?uﬁsIMaré@m dazgpﬂ&qgﬁ%@ o end

beyond the inner rigid ne resent atlon
danpi ng nat er i ahethbeyd2¢ Shotldencodsd82 and l%lpmmmudhhplentﬁ%hehnamm

269, 264, 2 Sho ods 124, two of which pass through holes 160
LR A

in 25 1nner” st r 258, connect outer structural menbers 254.
Fig. 11 illustrates ﬂtmgtutlﬁrdaﬂpmneremem? are ¢prévehted hértin A€ identidal, eRdiber s

308, center stru menbey 310 | emens 314 and 316 wel ded
t her ebet ween ﬁi‘&dH‘g é‘l“B‘l'i'ﬁﬁle"‘S’M” U\@a’@é@ gﬁéﬁ“Fﬂ%’Gﬁa“lah‘St &rent 308 and
al so déaﬂb ?e&fdh%\?@b At il WhBRa bR BMEr 316 1S
al so wel ded to 30 center struc ural menber 310 via wel ds 344. Danpi ng

el ement 314 condampingslements may each hayey] Qunits ebdiffpes3whilathe remuiningtwgi d menber
338 ‘ijd vi bjpati &ﬂlpﬂ@?éﬂ%qts may each have 50 units of stiffness, thus resulting in 65 units of - 40-

stiffness per side with respect to the center structural member 116 if damping

elements 117 having the same stiffhess were positioned on opposite sides of the
center structural member 116.
Fig. 8 illustrates a modular damper having outer structural members 166 and

25  inner structural member 168. The damper further comprises damping elements 172,

176, and 174, bolted between the inner structural member 168 and the outer

structural members 166. Damping element 172 comprises outer rigid members 180,

inner rigid members 182 and vibration damping material layers 184 bonded between

the rigid members. Damping elements 176 comprises outer rigid members 190 and
30 vibration damping material layer 192 bonded therebetween. Damping elements 174

comprise outer rigid members 196, inner rigid member 200, and vibration damping
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PCT/ US96/ 09901 material |ayers 336 and 340, which have different

t hi cknesses, bonded t her ebet ween. Danpi ng el ement 316 conprises outer
rigid menbers 346 and vi bration danping material |ayer 347 bonded

t her ebet ween. wfd4-Rlrost r uct ur al menbers 308 are connect ger¥dogodded t S

326 and shoul der rods 324 Shoul der rods 5 324 pass through structural

menber 310 via hol es ose, of 324 i to keep
outer structural™ Y?‘s é%ge'ﬂ%r ”é‘g‘dd'ﬂﬁ“? %‘&i’tg?m?"fﬁé??’ﬂ@ts extdnd danper .
Fig. 12 ill ustr akpfndaheabrdtion dﬁrﬁﬁﬂgﬁﬂat&m&erﬁ amDarUhief rigid mibefspif nenber s
380 and 384, inner structural nenber 382,.and danping. el enents 386  and 388
10 wel ded t he PERseRt Jedrrilitat bpkting of the dampipg elements fothe innersth§ and apter 195 out er
rigid ”ema&a&urgg,ﬁerﬁws%{maﬁémn BT 3645 Bl Y palsihRfug BBle 012

t her ebet ween enment nprises out rg ers 394
and vibrati o danmnergtructural memberr1i68) cohaqc&:out&%mbmmlmtmbhsrléﬁda\behmlSSF[ err]

illustrates force in_puter structu 380. ,F2 il lustrates
force in outer st rucflglba‘ﬁ“m@rm%%%"dWeF'IWﬂg'E‘%FPé’é'“EB Sengs <P£LAF'HP‘?"nner

structural menbefodgRe coﬁﬁn#nﬁé Siithr situSidrdl BRmb&s 226 Xrﬁl ﬂBsﬂh&%ﬁ'ﬂ&ﬂM
between the two outer rigid nenbers 394 of each danp i ng nodul es 386 and

388. AX i imember 23deand damping elamepts 237 and &Hepempms emen227whichddit er
structural ”e”b%xtéﬁb?etweenoute?@ﬁ’u&@%l rﬁ?élﬁ@hﬁ%n‘sdﬁérgéges 1t ggﬁéﬁbe?%% Ed 384 of

t he nodul ar danper
conpri sing aot eibolts ZﬁO(bonipﬁbasruateﬂagleﬁhmbeerSmwbﬂﬁomﬂirm@mmgal Il@y:er s of

vi brati on danpi terial |ayers 422 and ri 428 bonded
t her ebet ween. O%%FBMF‘W%W TA&@%&@SWS}‘W#&F&’C&%W theer 432,
whi ch extends b%b%ﬂn%%ﬁhgﬁaﬁ&ﬁgl IBRY DS, ﬂﬂﬂpm?él&rherﬁ%?@&ﬁprﬂ@i&utem id holes

436. | lustrates a ng nodul e conp r|S|ng3outer

ri gi dmenbers 450‘@31’5 2&6.dnmngdmer %4%&!4 Y‘l@fatl@ly@f@"!ﬁm%tpw dayers@3&anmi ng
material |ayersy grgp%g%&q\ze pﬁrn%d é’é Eodh gﬁt@pﬁ%ﬁ m%ﬁn%er.zr{&%d ﬂcp' d
npI Ng nat er | a

menbers 454 exten eyon |on ers 452.
The out er ril§i dthmmbengldmmmmﬁﬂth@wbmﬁmdlmtl;nng'matenalhgbmﬁﬂ?Z and dowel

hol es 480. 1 0S. | Lustrate various re ent tive
danpi ng el ement bol t Figol‘ﬂ‘ﬂﬂmﬁs %ﬁ"’aB flamper comprising outer strubtura
-41- 254 and inner structural member 258. Damping modules 264 and 268 are bolted

therebetween via bolts 255. Damping module 264 comprises outer rigid members
272 and vibration damping material layer 274 bonded therebetween. Damping
20 module 268 comprises outer rigid members 286, inner rigid member 290 and
vibration damping material layers 288 bonded therebetween. The outer rigid
members 272 and 286 extend be-yond the inner rigid members 290, if present, and
the vibration damping material layers 274 and 288 for all the damping elements,
269, 264, and 268. Shoulder rods 124, two of which pass through holes 160 in
25  inner structural member 258, connect outer structural members 254,
Fig. 11 illustrates a modular damper comprising outer structural members
308, center structural member 310 and damping elements 314 and 316 welded
therebetween. Damping element 314 is welded to structural element 308 and also
to damping element 316 via welds 344. Damping element 316 is also welded to
30 center structural member 310 via welds 344. Damping element 314 comprises

outer rigid members 334 and inner rigid member 338 and vibration damping
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PCT/ US96/ 09901 Fig. 15a illustrates a danping el enent 496
having an outer rigid nenber 490 having bolt hol es 492 positioned

al ong the ends only. Fig. 15b illustrates a danping el enent
havi ng an outg ofpddbsl NMenber 502 having bolt hol es 500 wiraide/b9961 Si des
only. 5 Fig. 15c illustrates a danping el enent having an outer

rigid menber 506 . ... havl “B lL.es 504 al tﬂﬁ. nds d sides.

Figs. 15d-e il | fatsial layegt i gf'&’e‘?’lﬂg’ hayp difrgen f°§@°sé‘fsg$$ﬂf‘.l’

Fig. 15d il ust giréetvechlaDRmnpigg elemeBrB16kombrigs oliteLHEie nehibgisGaomnder 520
havi ng dowel pin_holes 522 in an ordered row pattern. 10 Fig. 15e

i lustrates a dibptien damping materiallayes 347, bended thereogiwgencHpIST stgggral havi ng
dovel pin hol es aiflelsRof a&tc@?%{e‘aqiijﬂ Eifs B2 Llfif ﬁoul?er rods 324. Shoulﬁéﬂéfls 16a-c

Il lustrate welding patterns tor a danping el enen g. 1l6a
il lustrates & da24pasythrbwghstructoral membenB 10viacholasil§0.d Thepdrposeof@houlder havi ng

conti nuous wel ded s 542. 1 i 6b g llustrates a npi ng
cFeneht havi ng. S8 O kbén et msmber 308 patallel e s biod pE¥el s
548. dampdrd. 16c illustrates a danping el ement having an outer
rigid nmenber 556 and spot wel ds 554 around the ends and si des.

Fig 17 illustrates aFigold nstrategiamernas dpmpa somansingoutenstiuptyral semberid edges
20 564, 566, 388 adshier stmcmral member 385 fhd dhiphf shSHeh@1588 afs U a1
outer s an

danper conpri si ng ructural nmenbers an I nner T-shaped
structural renbeveldéd therebenvedmniaiweldsal08 1 Bamping @léement 386 camprisds @dter rigid

t her ebet ween. Each, danpi ng, €] enent 7Q4 conprises, alternating rigid
members 712 and WF’&BB% Agmw%émwmﬁ%ky&@#mdﬁ% ebet ween.
25 The darrperljgmf,o éﬁ%ﬂf‘ﬁ@ : TbidYdniby Lo bol t
hol es 710. “Eeel 1 g. 1‘%“1‘*‘%55"?%5?‘ g{g a rroeﬁug;ggrahg;ﬁg%? ﬁﬂﬁaﬁ?ﬁ% a
"tube" confi gur aatesial layer 390 bended therebgtwegn.cF: iustrates foreg ineuiten stractegi and

i nner structural meaber @ﬁgﬁf@%ﬁmg in %&{m%?g#gﬂﬁgﬁﬁé%ﬂﬁ&&ﬁ@ed

t her ebet ween. Danping el e rirse outér rigrd menbers
602, inner npgi foroeintimier Sicturaldnamber 382, o illastntds ghed@lativerdisplacement ayer s 604
bonded ther ebet %ﬂ%v%n the two outer rigid members 394 of each damping modules 386 and 388.4 2
AX illustrates the relative displacement between the center structural member 382
and the outer structural members 380 and 384 of the modular damper..
Fig. 13 illustrates a damping module comprising outer rigid members 420
20  and 432 and alternating layers of vibration damping material layers 422 and rigid
members 428 bonded therebetween. OQuter rigid member 420 and outer rigid
member 432, which extends beyond outer rigid member 420, both possess bolt
holes 436.
Fig. 14 illustrates a damping module comprising outer rigid-members 450
25  and 451 and alternating layers of vibration damping material layers 452 and inner
rigid members 454. The inner rigid members 454 extend beyond the vibration
damping material layers 452. The outer rigid members 450 and 451 contain bolt
holes 472 and dowel holes 480.
Figs. 15a-c illustrate various representative damping element bolt

30 configurations.
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PCT/ US96/ 09901 Fig. 20 illustrates a nodul ar danper
conprising outer structural nenbers 810, cent'er structural nenber 806
and danpi ng nodul es 812 connected via bolts and dowel s t her ebet ween.
Danpi ng el enery, g%&ﬂﬁpnprises outer rigid nenbers 814 ppgruéddadoddii on
danpi ng nateria? ayer 815. Support nenber 820 is secured 5  between the
outer structural nenbBigslBilustraiss adarapine dementtiff having: ppeyteryigid member socyr es

Lhe support membegy BhelsdudidRsdba ostionbd fBnd the Bhdstnfied L 0 beam 80O,

Center structura I's"attac gusset 16 which'is attached to
beam 800. Shoul Higr 15tdthsstiat2s a dampihg glamentthaving gmoutes rigid mewber$08ent er
uter, structural nenbers 810 via bolts

structural nenber . 806, _.connegt
811. 10 La‘ﬁ?ﬂg‘tﬂl@‘%éoﬁlﬁ‘{&ﬂ%ﬁpéﬁg§°‘ﬂy‘5i npl e buckling situation where

rigid nember §00 is g .15chmﬁﬁéshauﬂﬂﬁgémeﬂtwﬁﬁg&D&nerﬂg&lmémwsoenber i s
of length 910, wdth 9I4, and thi ckness 912, and is attached to the

danper st r uct ur ahavingikoles 504 @long theamis andgides. bol ts 906 through bolt holes

904. Distributed | o0ad.916 .i,S e t area of the
danpi ng | ayer. 15 F'SS-G‘S"*F@S%%%"%EB%Z’?n‘?‘?g %oge?e%?‘t't he situation
illustrated in Fig. 2B Biillestidtes a damping tlement having bty ostenigid meuiberi3g0d menber

908, which is attached at ground_poi n'ﬁ?&?lo Fig. 24

i1 lustrates a noheying deylpirholes 322 inanopdereroNaRatisly m out er structural
menbers 980, jgquare tpje m&a & amipihg Slkmem hatiREBe6utSSihid Membersa2

el enent s com:l)§i sing ou é% rgl &ﬁegggélsgwo and outer vibration danping
material 20 | aybadn®ddyel pincholes S3@ incx staggered rw paftesw.t ach the outer rigid

menbers to the square t.4b eam.in C Eigarm,ter 986. Shoul der
rods 982, which pass FW'OWBT?'Hugmgv{?ca"&&%ﬂg?‘%%t%g{p? uar e tube beam i nner
structural menber 986Fig0Gilliistrates & dahping elemedtdavingan eutersigidimembex|546eber s

980 via fasteners 988. F|49 25 illustrates a nodul ar danper of

the invention cohb\"i‘&?‘??&““‘?“s"ff@&#ﬁs outer structural nenbers 950, inner

structural er 956 ;od f6pilinGratds @ WRMping element HaGAP ik SutBErighineiberi 50 @nd
menber s 958@€?brat i onlggarrpi ng:mat eri gl gI ayers 92%, and B adhesi ve

| ayers 964. Wl dsoipoussidecwelds 8t ach t he danpi ng el enents via outer

rigid nenbers 958 to ?}é?%gﬁgﬂ%gﬁ%pig?%% hgﬁg%%ﬁggy%mgﬂgé 5384nathi Cch

pass t hrough ho I'n 1 nner ructura connect outer
structural menbesgpotiklds 554 @round tHecxntizandrsile@52.
"43 Fig. 17 illustrates an outer rigid member 563 having interior 562 and edges
20 564, 566, 568 and 570. '
Fig. 18 illustrates a modular damper comprising outer structural members
708 and an inner T-shapeﬁ structural member 702, and damping elements 704
attached therebetween. Each damping element 704 comprises alternating rigid
members 712 and vibration dampimg material layers 714 bonded tllerebetween.
.25 The damper may be connected to the structure to be damped via bolt holes 710.
Fig. 19 illustrates a modular damper having a “tube” configuration
comprising outer structural members 594 and inner structural member 598, and
damping elements 584 attached therebetween. Damping elements 584 each
comprise outer rigid members 602, inner rigid member 606 and vibration damping

30 material layers 604 bonded therebetween.
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PCT/ US96/ 09901 TEST METHOD The follow ng test nethod
was utilized herein. Dynam ¢ Test of Danper - A nodul ar
danper of the invention was installed between the load cell and 5 the
actuator of awgé@Rigdynan c test machi ne commercial |y avai | abbprkédasbdyTS
Syst ens Cor porati on, Eden Prairie, M\, such that the nodul ar danper center

t t I nb and ut er
:twgtﬂ:gl " errrgla s WET € gonngg@ga‘;%gfg pé'élnﬁgf‘% gtmﬁi\l'g:gf'g?{‘ob%chi ne
had the follow rtgo center stnemealfRinber 806/dad dimpidgd modules81d dohAdteed via Bélgel 445

controller, a Md 204.41 .10 actuator, .and a Mbdel 3317 106 | oad cell
comercially aveﬂ"ﬁé‘ﬂ?”é‘s thegsbetwesy, JDamping e!&ﬁ@%‘cﬁ@ﬁ@%’?“%@“‘“@ﬁ‘ﬂw

M chi gan. 814 and wbmi’oﬂ darhfifig ﬁ‘ﬁfe}fﬁtlﬁr’}‘eg ISH] g%l%pggﬁt Uehiber §30 ¥ gécﬂge% menber s

wer e “di spl aced si nmul t aneous wavef orm at 5 Hertz
for 5 cycless TH:Gtweenthemtqptm@m:émmma&rﬁachmmmdmembgr&mmers of

a danping el ene IS enen en raI tructural
menber- and one &w%&h%ug&@r ﬁefn(tijl’g'f%roa‘lo gusse% 3*@%@&?5‘%@?@? asur ed
usi ng a Mdel Cﬂbnﬂé&ﬁddﬂ@ﬂnémbt]?806isaiﬂﬁﬂbﬂwogussaSldlwilﬂﬂ)a@ﬁf&ﬁédtbfb%ﬂﬂucer
LVDT), conmerci e ro Schaevit z I neerin
I(Denns?auken 8%ﬂe)éb &5 ‘Eﬁ 8§08 arhic m&%ﬁhf%hhelaﬁl%npergmmﬁ@rmmer
were fed 1hto awscwﬁectwanéapanmgngmtea 1pystem comercial ly

available 20 from N col et [nstrument oration, di son, W, from which

force-di spl d@enment  Figure @aalbjwmneaemlpltnmchm situation wheretrighd/Rieber 900 is

The foll ow ng furthe i s ates, but. doe mi, the present 25
Gh SO1°H] Rl

i nventi on. toﬁi@mB'@E rLhe rigid member is of jp: E»(‘HH’HT 214, a0d ¢ he
ost of the thicBREF9 12 ﬁﬂf:h%cﬁécﬁoq}ie WP strdteBiSentt (o b} T W1 S€-
EXAMPLE 1 A nodul ar danper e present nti1o

illustrated in Mols 90Gthrough bolt hales 9043 Distributed Iiad 91<26@ppl@d aptosﬁ)ﬁ:eehbaas

foll ows. area of the damping layer. - 44

15 Fig. 23b represents a model of the situation illustrated in Fig. 23a Force P
acts on simply supported rigid member 908, which is attached at ground point 910.
Fig. 24 illustrates a modular damper comprising channel beam outer
structural members 980, square tube beam inner structural member 986, damping
elements comprising outer rigid members 990 and outer vibration damping material
20  layers 992, and fasteners 994 which attach the outer rigid members to the square
tube beam inner structural member 986. Shoulder rods 982, which pass through
holes 160 in the square tube bea.m inner structural member 986 connect channel
beam outer structural members 980 via fasteners 988.
Fig. 25 illustrates a modular damper of the invention comprising "I" beam
25  outer structural members 950, inne; structural member 956, damping elements
comprising outer rigid members 958, vibration damping material layers 962, and
adhesive layers 964. Welds 960 serve to attach the damping elements via outer
rigid members 958 to outer structural members 950. Shoulder rods 954 which pass
through holes 160 in inner structural member 956 connect outer structural members
30 950 via fasteners 952.
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PCT/ US96/ 09901 First, two danping elenents 1002 were
assenbl ed, each conpri sing outer rigid menbers 1004 and 1009 and two
inner rigid nmenbers 1008 | ayered with three danping material |ayers
1006 and adhes; rs 1003 between all interfaces. t wo
outer rigid neﬁ%g?é 504 and 1009 were Anerican Iron and SteeIT"Ema&Ba
Institute (AlSI) ’g% Qo |l ed steel plates. The first outer rigid.nmenber
pl ate 1009 was—Z2&#-0U 1 nches (610 mm |ong by 12.00 i nches (305 nm

wi de by 0.470 |‘fl1'bdnﬁﬂioﬁhgtéktnmﬂ10dmas:imhzahhmnh end, four 1 1/16 inch
(27 nn) di aneter bolt holes were dri]Jled equally spaced 3 inches

(76.2 apart na'imE:Q‘é‘stRﬁ ggl WI t h the wi dt hwi se edge of the
pl at e: The first o nches
| A il Pl che o 10 e

(38.1 mm fromthe Ien W|se e ge an

\(M dt hwi se edge x mbﬂ adu'gedjgfahﬂ‘l(tﬂstmﬁhﬂé cqwhméraaﬂﬁﬁﬂﬂahm&&ﬁnﬂts( i nCherSTTT')
495 y 12.0Q inches (30 970 inches (24.6
thick. On §&3¢m%€%wemgm@éen Peire, WS@M%“@WQ whadaawafmts'f t hr eaded

bolt hol es were art in
oot Rlinenbr sl B0iALosk SAREIRE Colftad W SAet Blfer irlErgh

a row parall el edges 0 and tapped at 8
t hreads per i nchmefibersfwerastonnéctedtodhe dctiator. Whetest machldedietaﬁlsdblhlmm di st ance

of 2.07 inches (52.6 W se

(36.1 mm) "1 om ¢ FEBedRy, et 13 1 SRR S M BT ongolh  pirl 284120
ri gi d nenber 19asa@bftor dnd 4 ModélCB3@7 206load el dothmierclallyivaiabié fivaCLeboweasur ed
roughness of 63 m cro-inches > x 10[err] nm. Quter rigid nenbers of

di fferent 20 di“ﬁ%’ﬁ@%"m@#’él’ﬁw@@ﬂ -hat rigid nenber 1009 vvoul d extend
beyond the other 85#9&‘1&:&51@3}'\&3 %%té{%tzrg&hfai Mén é?s‘wglpe

structural nenmbers 100 1001 The f snD th sur face of
the outer plat esslmmwmwmdd“@vdmaﬁ5Hertzfor15i¢)'de$:6fherC| ally

avai | abl e deor eagi g Sabiild QlbnEkANLAY Hlid RerBROSHS, iy Mement and 4  2CE

ready for bonding nner ri1gi wer e 12
I nches (305 %) dnspleceh\,enﬂlfetween the mtraisstr(xél&?al mehbdr and)odieyof thBouteratruétiral  mm)

thick AISI 1020 hot,rolled s eeI at es surface,of each
side of each ri gMemPErRwEre &WF&WW&%&E&&?"”“’VM > 127 mm)
and had a ”EaSUFGﬁplﬁ&klﬁhn?&ﬂuéekmvbwﬁ:oﬁ&emaﬂyQvalilﬁlﬂ@ﬂ‘&m(s%ha'%v?fz 10[6”1

nmm. The flat, snooth surfaces of the ri nbers were cleaned with a 30
comercial |y avaEngineangfspesaakengNL oThaq ta‘s&‘%ﬁ?@(ﬁ&f"ﬁb‘f‘ﬂrﬂé‘i

were fed into a Nicolet Model 420 data acquisition system commercially available
20 from Nicolet Instrument Corporation, Madison, WI, from which force-displacement

graphs were obtained.

EXAMPLE
The following Example further illustrates but does not limit the present
25 invention. All parts, percentages, ratios, etc., in the Example and the rest of the

specification are by weight unless indicated otherwise.

EXAMPLE 1
A modular damper of the present invention illustrated in Fig. 26a, Fig. 26b,

30 and Fig. 26c was prepared as follows.
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PCT/ US96/ 09901 Each of the three vibration danping nateri al
| ayers 1006 were 0.53 inches (13.5 M) thick by 12 inches (305 mm
wi de by 15 inches (381 mm |ong. The danmpi ng material used was

Scot chdanp| er riwo9904493.5X-t ype 109, avail able from M ””%9 b0
and Manufacturing Co., St. Paul, M. Each major surface of %’ﬁb

vi scoel asti c danpi ng materlal was textured with an abrasjve pad prior to

bondi ng. Firsh twiplamping elspisnty 190f were\pssembled; qagh gampffsingopteadhesi ve

I\I:)/btlinfjl1ES gct uring Co'%s Ceﬂ%f}a’?t}loexgmi %I\’Rﬁ{"%nn%n ﬂ% B%g%@egep 'tq'o‘”‘f'h‘é“e& ean,
abraded surface @Jrﬁﬂh?iﬁuht%ﬁil 1&*}%?@00@ b &ihddive laﬁe@pﬂw@ between Al itdpfacdsh €

Rhostve coat ed sur  aft P S TiRRiEY L0 R4 T00here Rgbion ron iy

adhesi've coated surf

coated surfacs Ofnsfithte (AESH1020 héteolled sterl platas] hite firsk duber eigidifiélitber platee Was
taken to pr event alr entr?sonent in the adhesive layer, |In simlar

fashi on, the rent§9%iwas 2N d@ches 10 nyggy Jang byr 12:00 inehen 6305 mumkwide by 0470
danpi ng el enent ﬁ?ﬁ;ﬁ%er i ee?ﬁgzéh%ﬁ&rfoﬁ %GHIGCEZ @gﬁﬁﬁteyﬂél%ﬁcﬁsshe

second outer rigi was a p | ed aken not
to exceed the wowkreldritled quaﬂmwammckmﬂ&ﬂgmniuasarpmwarﬂlhbvidmhpl eted

I t t F, d

fixture to o iSRS P st .*gﬂ#@e{*@eﬁe%ﬁg AipR FUPERE LT g ¢ ne
epoxy cure. Fde inches (38.UaiW)ifitgn the tenpthiwi é S, wmm@apm&gmhtﬁepSI (3.5
x 10[err] Pascal s) for two hours 20 at about 72[er J4F (22[ err C)@ggd 40%

rel ative hum di t yidthwips edgs. Thegecoudouteryigid member platei1004 was 15

extended outer r I

total thickness *5‘?‘5?%@?%@&%‘% gﬁ%%%@ixﬁgg@ﬁ‘ﬁﬁfgﬁ%%g@)(ﬁg?G Py

Ealclh gf theI Ogget;ac}ibﬁ(;lfﬁim(ogj foge‘gb;hrch (M&nﬁﬁhnf&&iﬁhﬁﬁ&d&bltﬂbl&dw&x@ﬂﬁu&m(305
rolled stee s/ft S structural channe] heam i nches

) 55t de- by REeet SR phes (> D BSSTLiR E RSl itk BRGS0 cach
of these 15 Oséliges oﬁthé Bﬁiéﬂnﬁ'taﬁ&m threh fietl. T8O firsBof thedehdles daed i N

Fig. 26b. Four rows of holes were drilled in rows parallel to the

wi dt hwi se edge olocated atca distance 9 2408 inshes (526nmb®ma lenpthwiserdge anshhRiat e
h bol 1 f
2Lgﬁfdg$ntscrgwt rsmfm’w g’ﬂlfl cat eglgémgg I nc %gm rr%‘#ﬂgrogh#es derog’ga& angl ed

end of the channsgid niEhﬂasewaa/groWﬂaﬁto %005 tlﬁﬂ((ﬁlzm@m):mddndemehnimls wer e

placed 7 inches (179 mm _apart, beginning.2.50 inches (63.5 my_in fromthe
roughness of 63 micro-inches (2.5 x 10-3 mm). Outer rigid members of dxﬂ'erent

20 dimensions were used so that rigid member 1009 would extend beyond the other
rigid member 1004 to bolting to the damper structural members 1000, 1001, and
1028. The flat, smooth surface of the outer plates 1004 and 1009 were cleaned
with a commercially available degreasing solution and abraded to expose a metal
surface ready for bonding.

25 The two inner rigid members 1008 were 12 inches (305 mm) wide by 15
inches (381 mm) long by 1/8 inch (3.2 mm) thick AISI 1020 hot rolled steel plates.

The major surface of each side of each rigid member was ground flat to 0.005 inch

(0.127 mm) and had a measured roughness finish of 63 micro-inches (2.5 x 10-3
mm). The flat, smooth surfaces of the rigid members were cleaned with a

30 commercially available degreasing solution and abraded before bonding.
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PCT/ US96/ 09901 | engt hwi se edge on both parts. The second row of
shoul der screw hol es was | ocated 32.12 inches (8 1 6 nm fromthe
angl ed end of 1000 and 1001, with the two hol es spaced 7 inches (179

mm) apart and ZySeigagees (63.5 nm) in from each | engt hﬁgg%s%(l79

Additionally, a row of bolt holes was placed both at 7.06 inc

nm and at 28.06 inch A f . : to
acconmodat e bolts 1010. l&é@tﬁe% %g@nr%@m%ﬁﬁﬂg@%gm&g@%?fgiil#ggé(27_0
) di anet &i13.5mme)ksthick by l2 inchesa3Qmm) Nide hyditdachec@8E mm)longy sFhe and

begi nni ng 2. 07 .inch ' ] I n both
parts. damping NalGib) yoif v Sty o8] 1S BRI AREAIERER' 1050 o
rolled 12 inch 1(QMinheiota Miting\wnd Manufacring3Co.) SH Pal /MNITBach aiagbr Birrfikceiofic h
(25.4 mm thick plate wth . the same bolt holes as the first outer
rigid menber Poodghescoelagticdampingimaterishwas textured withemiabrasive pad Priaf 1o ow of f our
equal |y spaced 1bjof1&i§gi nch (27.0 mm) di aneter test equi pnrent | oad
cell attachnment hol'es®1020 were drilled on one end of 1028. These

hol es were spaced 3 i iciwespatiépoRy adhesiog Scotch-Nedd™MrAdhgsive DB-460,cat i on 1. 37

i nches 15 34.8 in fro ne wi dt hwi se edge 1,50 .i nghe 38, 1
fromthe ( | &9 @& a&”@@?%%ﬁww&w&ﬁﬁgwf%m 0132 aﬁﬁ’somk?ad
four slots 1018 MN, wad mixed il 4pplictl tothe dl€in! difaded BEFd¥oS e BEL Rietal PRASUT | NG

1.03 inches (26.2 nm wde b 5.03 inches %12_8 mm long with a 0.52
inch (13.2 niP r @09 andie O@aeﬁthe peepared gurfaces of the wibrgtion depingmatesial dayer

shoul der screws ' | I ' .jon of
She damper - T AP08 e ARt lobidd KRS G s Qpaf el Y tp 4P SR BIe
apart, begi nni ng cdated surfacé efithé Mstabplatgjto fornif adbesiviekayet HOGt [Careswastdigen tof 1028

and 3.5 i nches (88.9 in framthe w dthw.s dge  opposi.te the row
of load cel | PROvER i dnbraRTIons i1 the adhosts leye L IR TS o b FUingG DO o

simlarly spaced wer fifti6$between thé refiainifip) dadiditigleletidfl IR, 84MA8L QRA YR B0 29. 12
inches (740 mm) fromthe center of 25 the first set of slots 1018 and 2.50

i nches (63.5 1dm theamingte unfikthe sacgudionterigidimember plate 10049yas gpplieda ICareowaser
1028. é '| %“ (a§f i t . r re
fabricated from takeg%{bﬁo 3% co ?er%:q; ée% Csi ‘e’%ﬁgqﬁ‘gg&(ﬁ%‘r ?ﬁ?%g&eﬁeof
each screw was 10amiBate oeritsising layers af ilo€ratetin Rigd26cheasgiledinadfivineeveen t he
shoul der surfaces .\1\@3 7.74 !iﬂnchest %#97 30 lﬁr%:gd .Bo%hh ends of _lshhoul der
screw 1016 were tTHEAARPPAT AIENREN 0L e (VREOUP ufing the epoxy cure. 1he

damping element was then pressed to about 5 psi (3.5 x 104 Pascals) for two hours

20  at about 72°F (22°C) and 40% relative humidity. A press stop located at each end
between the extended outer rigid members 1004 and 1009 was set such that the

total thickness of the damping element 1002 was 3.37 inches (85.6 mm).
Each of the outer structural members 1000 and 1001 was an AISI 1020 hot
rolled steel 20.7 Ibs/ft (30.9 kg/m) structural channel beam 12 inches (305 mm) '
25  wide by 37.62 (966 mm) long. A 45° angle was cut in one end of each of these
outer structural members 1000 and 1001 as illustrated in Fig. 26b. Four rows of
holes were drilled in rows parallel to the widthwise edge of structural members
1000 and 1001 to accommodate attachment bolts 1010 and shoulder screw 1016.
The first row of shoulder screw holes was located 3.00 inches (76.2 mm) from the
30 angled end of the channel. These two 13/16 inch (20.6 mm) diameter holes were
placed 7 inches (179 mm) apart, beginning 2.50 inches (63.5 mm) in from the
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PCT/ US96/ 09901 di aneter and 10 threads per inch for a distance of 1.26
inches (32.0 nm fromthe end of the screw. The danper
was assenbled in the foll ow ng manner. One end of a 20.00 i nch (508

mm by 15. 50 woneins94 mm) by 2 inch (51 mm) thick steel pl kg Was

attached via weld 1030 to the non-angled end of outer structural nenber

1000 to prlmgtmsaedgem@etﬁpahs aTh@SdabMbroin 6f sHEIBR scred Holt8 wagSt machi ne
actuator. Four es 1024 were drilled in this flange plate, each
| ocated at a cdpFated %?FI%ﬂ&heﬁﬁ%]@é“m) ﬁ°m2h%8]°ﬁ@ﬁ‘é9f’(°9‘?aﬂd2981 Whﬁhmceach

that the flat side of 1000 romthe 20.00
inch (508 nm) dengthwise edge. ﬂlddmgmllmomewﬁlmitémhawamphcﬁdmm at 7.06 inehiegt h of

t hat “ed th
fl Zt gi gg of off%]mm)and a@'@c’f’%ﬁeﬂ “5 Pﬂ‘ﬁm{%@ﬁf@qd& toet he
flange 1022. Thecdifhbddi®bsits 1010. Each ofﬂie&@fowshﬁuhmeamexruw& ﬁb d:hﬁ)danpl ng

el ement were aljgned with the bolt holes in 15 . One inc 25. 4

di aneter - 8 tmmgf/ht’kémwy;pased%aﬁn\cb@(ﬁﬁfmwaﬂandbeg!nwmezm pl at ed
carbon steel b f ed bolt holes in

1000, into theq‘!tl g @% ﬁ‘h‘qﬁﬁlén n.“h%oeg&% angﬁH&gsht ened with a pneunatic

g or que | WenchThNemitemnttﬁralﬂﬂnberthmghﬁaﬁmmlh | 1maﬂomﬂedoilmad on the
anping e nt t 0 ol es were_in alignpent

Li lr<ne)vm' ge elﬁe 30 me) %%Y@L@dmh éﬁémﬁﬂmﬁkyﬂ ‘Wé!k 2514 pm)thick pl Qigwghed on
1028 wi th 1009 ypd salridhofi Hiofs ds ﬁnhﬁﬁ? bter l‘l%lg ggﬁ%&%{/@b%ﬁ%ﬁbéﬂé‘&ﬂgﬁ&k Wi th

1028. Bolts 1012 simlar to those escr measuring 3 1/4
i nches (82. 6 nddditiongllyye rew of fodr equallypspaeddy] biiGingk (27@men) dizmeter gésel

menbers 1009 and .cent u ral 1028 | hex
nut s 101 q“’&ﬂ'&"‘é%ﬁ"reg é&“?‘g\ﬁl"lﬁ%%é\% ﬁ’é@?‘i 8’a°'f°rﬁ“§l9§ﬁg’§gd4ﬂ‘ ot 1018
in 1028, 25 tmonuwaradpecamwrﬁemszsmwam GegdimhinPitaescatifl 9.3 7frchécd with a
3/4 inch (ﬁg gIre hex né‘1026 and tightened in place with a
pneumat i c t'9r q df frompne s ngeedgeandd,ﬁofgpchgq (%dtmgﬁoﬁéh%er 1001 was
then placed on idraAfeapd 'ﬁ‘%&ggﬁl&gﬁg%emb 1028 A slckSrd1g2l Surface

in contact with T004 of the secon i ng el enent h that all

bolt hol es al i genningsaraliel toshelangthvisgedges, emeasmmgﬂéﬂdmlps(igZGhmMe 002 30
dth h d | .1010 1026
tere o aaded R fzg i) BANMERD. SR 2 Biidnton i bad o °

remai ni ng nut s sloG1018 allow the shoulder screws 1016 to move with respect to 1028 during- 48-

edge. The flangﬁ,legqggcegaqnc%gg Hiitgla R ﬂfgesr&?(gwh%ogp i oned such

20  operation of the damper. Two of these slots 1018 were centered 7 inches (178 mm)
apart, beginning 2.50 inches (63.5 mm) in from the lengthwise edge of 1028 and 3.5
inches (88.9 mm) in from the widthwise edge opposite the row of load cell
attachment holes 1020. The other two slots 1018 were similarly spaced 7 inches
(178 mm) apart and centered beginning 29.12 inches (740 mm) from the center of

25  the first set of slots 1018 and 2.50 inches (63.5 mm) in from the lengthwise edge of
structural member 1028.

Four 1 inch (25.4) diameter shoulder screws 1016 were fabricated from
AISI 1018 cold rolled steel. The overall length of each screw was 10.23 inches
(260 mm) and the distance between the shoulder surfaces was 7.74 inches (197
30 mm). Bothends gf shoulder screw 1016 were threaded at 3/4 inch (19.1 mm)
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PCT/ US96/ 09901 were tightened. Finally, the end of the second outer
structural member 1001 t hat was not angled was wel ded to flange plate
1022 via weld 1032. The nodul ar danper was inserted into the
test equi prrentwag od1851 ed according to the Danper Dynagicgus:

: 65709901
descri bed herei nabove. Testing was done 5 at 70[err]F (21[err]C). The
mexi mum di spl acedmﬁéte:ediiﬁlmtthtdaisms:nm for a distan¢erofan2e inchil €32.0 mm) figanther
di ssi pated appr oxi rrg 30,000 I b-inch (3,500 Nm in each cycle. Test
results are grap l}e)%fei“ﬁ ustrated in Figs. 21 and 22. Fig. 21 represents
the di spl acerrermetaam)saemstabenibm imtht ésllowirg sanmer h@uesendfof #20.00f t he

two danpi ng | enent.s versuys. the f d
represents the dﬂébﬁsgﬁm%’ 1f(§°"?‘15‘e@§ﬁe@g‘ Y?@knbt(?]g?‘“@%aﬁt?ﬁfgﬂmﬂéﬁﬂer and
one outer stryl \HM 2B wild rlﬁmottﬁgnon-angleﬁ%&&' duler s@ctirRember 1000 ar ea

I n each eII|pt| 00p represents the energy di ssi pated |n one cycle
of di spl acenent . tofirgrde @flange for aABacliing/the dampes to the testmachine aciiatop| Bewsment

| oops and ener gy ati on..c

connection betwe'éﬂ stsl?f l@ﬁ@ﬁ;@&uéﬁ)&a ﬁEChJQ%p%f&tgtscPt% ht;tg?ﬁlatenbers was
15  good and nozg$ inamqm P Gfn)ii GOmfeach édge.s Thefdnge 0021 dridatructural member

While this invention has been describe co 8 tio

enbodi ments, it K98rege pesitigned such dhst the Es‘ﬁiqdln@ @ g1oﬁn"!5£ @Gf

modi {1 cat i 0g Mivay from Ble30150 k(S8 m) Edg eerﬁmmgéaadC&mfedta%mhyarl ations

whi ch one ski e art recogni ze as the equival ent of what
has been descri bbngthef&amdge

The first damping element 1002 was placed on the flat side of outér
structural member 1000 that had been welded to the flange 1022. The bolt holes in
. outer rigid member 1004 of the damping element were aligned with the bolt holes in

15 1000. One inch (25.4 mm) diameter - 8 threads/inch by 1.5 inch (38 mm) long
Grade 5 plated carbon steel bolts 1010 were inserted into the drilled bolt holes in
1000, into the threaded bolt holes in. 1004, and tightened with a pneumatic torque
Wrmch. Next center structural member 1028 was placed on the damping element
1002 such that the bolt holes were in alignment. Likewise, the second damping

20 element 1002 was placed and aligned on 1028 with 1009 of the second element
1002 placed in contact with 1028. Bolts 1012 similar to those described above but
measuring 3 1/4 inches (82.6 mm) long were used to loosely engage the outer rigid
members 1009 and center structural member 1028 with 1 inch (25.4 mm) hex nuts
1014. One should screw 1016, was inserted through each slot 1018 in 1028,

25  through the shoulder screw hole in member 1000, fitted with a 3/4 inch (19.1 mm)
hex nut 1026, and tightened in place with a pneumatic torque wrench. The second
outer structural member 1001 was then placed on the second damping element
1002 with its flat surface in contact with 1004 of the second dambing element 1002
such that all bolt holes aligned with the matching holes in the damping element 1002

30  and the threaded ends of the shoulder screws. Bolts 1010 and hex nuts 1026 were |
added and tightened with a pneumatic torque wrench. All remaining nuts 1014
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PCT/ US96/ 09901 It is clained:
THI S SHEET HAS BEEN
REPLACED 1. A nodul ar danper conpri sing: two or nore

structural mewberasmber ein each structural nmenber is attachegr isesnds; at
| east one danpi ng nenber selected fromthe group consisting of danping
el enent (s), danperedighteast: Kinallythe end) of thaweconsiaviterstrucmeal memberd0P1 that
wherein each dagpi | gﬁgqﬂﬂ!&q; 2L | .
(1) two outer rugbﬁéﬁ%ﬁgﬂ%ﬁ i 1 Lh'%ﬁsl(oﬁlz) at | east one
| ayer of a vibrati orlteangshulsy dampariwaa instreddvintorthe test ehQipnientanduéseed ri gi d -

nb X . Wi) . tioonally, one . or re inner rigid
grrbg::, posi t | fging to me'?ﬂ@&b&?‘z@%%&ﬁé‘eﬁ&k"é‘hﬁ@bﬁ% E'P%‘,”a%\ﬂl@'&ee?n each
I gid nenberg i AN . | | a 0] ot her. rigid
eaber by at | 05 70% CASRY Ohe i Bt aRPRIACHETY 3 ItHT OB Tn,' T
(i \r% . opt iOI onaLdmpqﬂis}pntc'i @pmximays?,o?o beih?e(e;sodwnoin éabﬁfcydealihﬁst_ ]
menbers and vi brati on danpi ng.aterj.al.layer(s); _. erein eac
danpi ng el enent'e@tééﬁﬁfﬂﬁ‘?aﬂg@'g?‘fw‘BF‘E%D%B'H_%)%?F&;H represeqs Higent s at t ached
t oget her, disp}acment‘%ﬁé??heﬁgib%g%ghﬁﬁlﬁd efb JFORD6F th Wdﬁﬁ&s g%struct ural

menbers and sai d i nner gi ers, 1T present, . have nmodul i
greater than t ielemantsversus thedareginige damper. Figt 22 represends the dispiacement

wher ei n eaolla S tHeWéeH rﬂ% C%%Cé&@e%bgp QQ% 8;100 Olﬁ&' sltr%%t%;'al Om%&ﬂgﬁv%s ﬁ?re uctural

menber via at | east one

danpi ng nenber (fojce i the dampér. e drea iiréach Hﬁ?tidﬁﬁl@bﬁfép?@ém@ﬂﬂreﬁéfgﬁf’ applied
to the danper sjructuyral rrerrbergs) is at |east partially dissipated by at

| east ondlisgipated injonecyple of displacement. Figs. 21 gudR2gbowrsindlanfiwee-conpr i si ng:

From the. or oup Beerary Rpspd bl Baipufatapiifly MRIRaEE e P Tt
danpi ng sormestion betweqethel darhjpey clementrand éie: damper structural members was
' 15 good and no slippage occurred for this test condition.
Wahile this invention has been described in connection with specific
embodiments, it should be understood that it is capable of further modification. The
claims herein are intended to cover those variations which one skilled in the art

would recognize as the equivalent of what has been described herein.
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pg% U896/| u"mmlll “mmi" ﬂ“193 (1) one outer rigid nmenber;

(1) an*oufert| ayers of* vibrati on danping naterial attached to the
outer rigid nenber, and optionally a |ayer of adhesive on the side of the

outer layer  wooeffezVi bration danping naterial layer farthggraidofigobne
outer rigid nmenber. 5 (iii1) optionally one or nore I nner

rigid nenbers pogiit bigiafd: bet ween the outer rigid menbdr ' t

| ayer of vibrat i_or: danpi ng materi al wherein each rigig @%*Eﬁﬁﬁétm
first danping elenent is separated from anot her rigid nbeRE%‘yAQﬁD _
lleast one layer f Vi RigdduPdAR5EP coprigiiger- al ; (iv)

optionally a layer(s) of adhesive between any of the rigid 10  menber(s)
and vi bration danpi ngtwoeerandra strictiyral members wherein each structurahmemberiisattached one

or nore danping nenbhers sel ected fromthe.gro copsi sting.of second
danpi ng el emeﬂt( m?&:%?aﬁa%mﬂ‘%gﬁ%m%?m&g%?}m “fine 8 d B¥bi nat i ons
thereof, element(S)RIMPIng eRARH: stAKRY) thnd 35MbingioRs MeRpf, | ndependent |y
conprises: 15 ) i) two outer rjigid nenbers;

(ii) at |least one |whereingachadappingelement dadependgnthqomprises: bet ween t he

two outer rigid nmenbers; ter rigid membedsi 1 1) optionally one or nore
i nner rigid nmenbers, positq)oneéwoou BET ] or to the outer rigid nmenbers,

wherei n each rigid nmenber @i thatledstiope lagerdfa vibedtiondamping naterial betvestn ftiieo m
anot her rigid nmenber bly.aa Iegesrt_ one | ayer of vibration danpi ng
material ; an two outer rigid my (iv) optionally a layer(s) of adhesive

between any of the rigid gy opRéHRY bR oriishe TrineF Adid ARmBGSHostonedt 1 i al
| ayer (s); .. wherein each second danpi ng el enent stack conprises
two or nore secolMpripsto the guter rigjd aembens; whesein sachaigid mejoben isrthe damping

wh : Cd out D , . I o
Fi'gi d member (o), el B plER o andfet i bEbU G o WAL Ry@tbAldSy 070
danpi ng mat dampihg inatgrial] sy and wherein each structural

romber is atjached 1o at 'l egel ope g DEhe?S o aebiihiliath LI PRE gl

members and vibration damping material layer(s); '
wherein each damping element stack comprises two or mote damping
elements attached together;
wherein said outer rigid members and said structural members and said inner
20  rigid members, if present, have shear moduli greater than the vibration damping
material layer(s),
wherein each structural member is attached to at least one other structural
member via at least one damping member, and
wherein the damping member(s) are positioned such that mechanical energy
25  applied to the damper structural member(s) is at least partially dissipated by at least

one damping member.

2. A modular damper comprising:
two or more structural members and at least one damping member selected
30 from the group consisting of first damping element(s); wherein each first damping

element independently comprises:
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ggfugggmumlﬂmmmﬁ“ﬂ wher ei nV\Ph(g?{jgfr;?ﬁg nmenber (s) are positioned

such that” mechani Cal ener gy applied to the danper structural _
rrerrber(s) is at least partially dissipated by at | east _ one danpi ng
menber . S WO37/04193 The nodul ar danper of claim1 or clai Mmge-MERERdp; t NE
danpi ng nenber (s) are attached to the structural nenbers via an
attachment means sel ect eddf r oene puter rigid megberuip consi sting of bolts, dowels,

wel di ng, adhesi ves, i nterd.pcki C ations
thereo? 10 4. The drrgdulaﬁrgu%ﬁ%%O?X?’%Bdﬁ‘f‘?mép%"gﬁﬂaﬁﬁﬁmgqﬁ n each
danpi ng el enent outer rigid inembet] hfdaipnemllsl&meﬂ&‘ ddRésivel onl the SNEHLthe otites Byer

t hi ckness of about The” nmodul ar

danmper of cl ai n?P“QS‘r‘“@I% %%milaueftweg&fr%ﬂwromwm@bem are sel ect ed

fromthe gragup consi sti nggef b g@ﬁﬂf m%eﬁ?%&‘ Bhitiorg 9! €S-
flat netal plat es and tglggs P oneor dﬂﬁ gﬁ?rmé? of clalml
or cl.aim2 wher N&ewtml‘!gld‘rmnbberandthetdu&r layer of wia-atpnmmph%ml;émar e .

| at es ans,

f
Eg;eﬁgt egh;:\gg} t eans équ@em %5}9 E“(&)S‘és?gﬁfeﬁ'v%ﬁgmém Is separated from s f odul ar

danper of clai mmmemwwm%gmﬁbﬁyérGMrﬁbw% tlmﬁf@ﬁpersh CIoijterat
rigid menbers and inner [ nenmber esen ave a shear nodul us
| east about 10 times gr egf’ r Pmaltl%lay%fs)P%hﬁlﬁmwﬁnﬁthﬂggﬁat eri al

| ayers. 25 10 mensber(s) mﬁvﬁgﬁ&t%ﬁt@gﬂ# ﬁe, 7ast one nodul ar danper of

claiml1 or claim?2 I ncorp
and optionally one or more dampmg members selected from the group

consisting of second damping element(s), second damping element stack(s), and
combinations thereof;
wherein each second damping element independently comprises:
15 @ two outer rigid members;
(i)  atleast one layer of a vibration damping material 53tween the
two outer rigid members;
(i)  optionally one or more inner rigid members, positioned
interior to the outer rigid members, wherein each rigid member in the damping
20  element is separated from another rigid member by at least one layer of vibration
daﬁping material; and
(iv)  optionally a layer(s) of adhesive between any of the rigid
member(s) and vibration damping material layer(s);
wherein each second damping element stack comprises two or more second
25  damping elements attached together; |
wherein said outer rigid members, said structural members and said inner
rigid member(s), if present, have shear moduli greater than the vibration dampmg
material layer(s);
and wherein each structural member is attached to at least one other
30  structural member via at least one damping member, and
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: Pg'/ US%/H“‘“H“I“I““'“MW‘ 93The structure of claiml or claim2 wherein the

nmodul ar dahper its #8ttéche via its structural nenbers to secondary
structural nenbers of the structure, wherein the secondary
structural rre%%ﬁ“ the structure are also attached t

structural ers of the structure. 10. The structure o clalml

or claim2 wherein t Reheraitihe dampiagpemberts) ate{posikionkd such thet medhbmsical emengyt ur al
menbers to prinaf Xllesdttg"{l?t&jamper sqe rTeral memfbexl(sB is asttlealsjtC ;Eamﬁy dlssxpatecP by at least

one damping member.

5 3. The modular damper of claim 1 or claim 2 wherein the damping member(s)
are attached to the structural members via an attachment means selected from the
group consisting of bolts, dowels, welding, adhesives, interlocking surface features

and combinations thereof.

10 4. The modular damper of claim 1 or claim 2 wherein each damping element
has vibration damping material layer(s) with thickness of about 1.5 mm to about
127 mm.

5. The modular damper of claim 1 or claim 2 wherein the structural members
15  are selected from the group consisting of 1 beams, T beams, channel beams, angles,
flat metal plates, and tubes.

6. The modular damper of claim 1 or claim 2 wherein the rigid members of the
damping element are selected from the group consisting of bars, rods, plates, I

20 beams, T beams, channel beams, angles, and tube sections.

7. The modular damper of claim 1 or claim 2 wherein the structural members,
outer rigid members and inner rigid member(s) if bresent have a shear modulus at
least about 10 times greater than that of the vibration damping magerial layers.

25
8. A structure having at least one modular damper of claim 1 or claim 2

incorporated therein.
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9. The structure of claim 1 or claim 2 wherein the modular damper is attached
via its structural members to secondary structural members of the structure,
wherein the secondary structural members of the structure are also attached

to primary structural members of the structure.

10.  The structure of claim 1 or claim 2 wherein the modular damper is attached

via its structural members to primary structural members of the structure.

10
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