1 Title of the invention Vibration absorber for danpi ng nmechani cal

vi brations Description The present invention relates to a vibration

absor ber for danping nechanical vibrations. Al though the present invention
can be applied for the purpose of danging nmechanical vibrations to a wide
range of structures which are capable of vibration at |east in sone
portions, the invention is described in greater detail in the following in
connection with the absorption of structure-borne sound which propagates as
nechanlélg oftheinyentionyi t hi n t he supporting construction of a bridge
structure. Wthin supporting constructions such as steel bridge structures
for railways, nechanical vibrations may be triggered and, consequently,
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construction, which sound radiation is also referred to as a drone in a
specific f[equency range. This drone is, however, often perceived by people
to be BescERY@Rt and disturbing. Thus, it would be desirable to danp as far
as possible this type of | ow frequency sound radiation originating from
bridge structures, particularly where the structure is |ocated in a densely
popul at&g Pseseat '"R@@Wdﬁ@@%ﬁ@o‘f@fép%" ai?ﬁoeti?réwedqniﬁ'%a'@ah%ca? é‘@[ﬁ?@"% br ati ons
of a body to be danped and which operate according to the prinC|pIe of
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different |engths are provide for exanp| e are each a|t_ltached on one
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shows a resonance absorber for danping structure-borne vibrations, in which

freel y congirustivn gf aiBtggestiustifies are provided, a danping |ining being
squeezed between the two el enents of the tongue. In the case of the

resonance absorber described therein, a nunber of tongues of
| engt hdVilhin sepRosingeePnsretions sushas sleeLhiidoR sfrurtres for & @ﬂ\é{?ﬁ w%?%a"'giiéf s, the
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means of clanpi'ng screws on a base ate nts in the form
of doulingto the vibrating body of the construction which sound rad| on a so re erredtoas a
drone in a specific frequency range. This drone is, however, often perceived by people to be
unpleasant and disturbing. Thus, it would be desirable to damp as far as possible this type of
low-frequency sound radiation originating from bridge structures, particularly where the

structure is located in a densely populated area.

Resonance absorbers which are intended to reduce vibrations of a body to be damped and
which operate according to the principle of rod-shaped vibrating elements which are fixed on
either one or both sides were described, for example, in DE 21 63 798 C2. In order to cover
a particular range of frequencies to be damped, a number of parallel rods of different lengths
are provided, for example, and are each attached on one side to a frame. The resonance
absorber in DE 21 63 798 C2 is attached with a non-positive fit to the body to be damped via

the frame.

DE 43 43 008 C1 shows a resonance absorber for damping structure-borne vibrations, in
which freely vibrating double tongues are provided, a damping lining being squeezed be-
tween the two elements of the tongue. In the case of the resonance absorber described
therein, a number of tongues of varying lengths are arranged parallel to one another in a
plurality of layers, the layers being separated from one another by spacers and held together

by means of clamping screws on a base plate. The damping elements in the form of double



2 tongues described in DE 43 43 008 C are, however, nerely capabl e of
effectively absorbing vibrations in a single direction of action,
specifically normal to the plane, in which the tongues and the danping
lining extend. However, with the afoResaid bridge structures, it nmay be
necessary to absorb or danp nechani cal vibrations occurring in several
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the structure hi s object is achieved by a vibration absor havi ng t he
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whi ch 8% Waﬁﬁ%naepe?@i'?wm@rs siyptgre. Furt her provided is a support nodul e
conprising at |east two non-parallel support plates and an attachnent
device, In this case, for the purpose of attaching the vibration absorber
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support plate. Furthernore, the support plates are interconnected in th| S
case |Hr£tl.ﬁf??té’°§\1ay t hat the mechanical vibrations can be transferred from
the first support plate to a second support plate. A first vibrating
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This object is achieved by a vibration absorber having the features of claim 1.

Said claim provides a vibration absorber for damping mechanical vibrations of a structure
which is capable of vibration at least in some portions, comprising at least two rod-shaped
vibrating elements which each have a longitudinal axis. Further provided is a support module
comprising at least two non-parallel support plates and an attachment device. In this case,
for the purpose of attaching the vibration absorber to the structure, the attachment device is
constructed in such a way that mechanical vibrations of the structure can be passed into at
least a first support plate. Furthermore, the support plates are interconnected in this case in
such a way that the mechanical vibrations can be transferred from the first support plate to a
second support plate. A first vibrating element is coupled at a first position along the longitu-
dinal axis of the first vibrating element to the first support plate in order to transfer the me-
chanical vibrations from the first support plate to the first vibrating element. In addition, a

second vibrating element is coupled at a second position along the longitudinal axis of the



second vibrating element to the second support plate in order to transfer
t he mechani cal vibrations fromthe second support plate to the second
vibrating el enment. The concept behind the present invention is that of
initially passing the nmechanical vibra&ions of the structure to be danped
at least into the first support plate of the support nodule. In this case,
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owing to an enhancement of the energy removal by the vibrating elements.



According to a devel opnent, the coupling of the vibrating elenents to the
support plates is constructed in each case as a non-positive and
nonent - act uat ed screw connection. The screw connection occurs in particular
by means of two screws in each case. 4Fhe use of a non-positive and
nmonment - act uat ed screw connection allows both sinple and secure nounting and
good replaceability of individual vibrating elenents, and brings about

cal cul abl e contact pressures and reliable transfer, in a manner entailing
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In an advantageous embodiment of the invention, the vibrating elements are arranged with
respect to the support plates in such a way that a main direction of action of each of the vi-
brating elements extends substantially perpendicular to the support plate to which this vibrat-
ing element is coupled. As a result, each of the vibrating elements is able to damp mechani-

cal vibrations in a direction which is perpendicular to the support plate to which the vibrating



According to a devel opnent of the vibration absorber according to the

i nvention, each vibrating elenent is forned so as to have two tongues which
are arranged substantially parallel to one another and have the sane
dimensions. In this case, a |layer of & danping material, in particular a
permanently resilient material, is arranged between the tongues. The
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tructure. result, the overall surface area with
whi ch tffae vibration of the vibrating elements together with a space- savmg arrangement thereof,

without individual vibrating elements colliding with one another.

In another embodiment, the plurality of vibrating elements are stacked in a plurality of layers
along a direction which is perpendicular to the at least one support plate. In addition, the
vibrating elements are in contact with spacing plates arranged between the vibrating ele-
ments. This reduces considerably the amount of space required by the entire module, the
spacers ensuring that, in spite of the layered module, free vibration of the vibrating elements

remains possible without the risk of collision.

According to a development of the vibration absorber according to the invention, each vibrat-
ing element is formed so as to have two tongues which are arranged substantially parallel to
one another and have the same dimensions. In this case, a layer of a damping material, in

particular a permanently resilient material, is arranged between the tongues. The removal of



7 support nmodule is applied to the structure which is capable of vibration
at least in sone portions increases and the efficacy of the transfer of the
vibrations fromthe structure to the support plates of the support nodul es
is inproved further. In an advantageo@s enbodi nent, the attachnent device
conprises a tie rod and a clanping elenent. In this case, the clanping f

el emengpd t; Gk i no

The. ot Eoeph R i R L S I g ko ek B He Bl AR o) e
t o t heMaErighdhesabipigirovingthe danmpingrifest efithe mgrasioembaerben such a way that a
tensile force can be applied to the tie rod and that support nodul e can
hereby be cl anped against the portion of the structure. By clanping the
suppor f\CeRiding éo apembedinepb the \dbrating elemestsrane comsiructelddor the potheseiobn gf
attach iolies ) (== n be
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opt i muffPi Brkd 1o0iPOts Gropt thestruetiee whieh istdapablalieé wbtaion it leasitiesdee poo- be
attachgghd o the structure at a point at which the introduction of holes is
not permtted on account of the nechanical |oad-bearing capacity of the
structure at this point, or where the nunber of attachnent hol es introduced
i's intgnslesh W] oY ol o¥ i.rent, a

| ongi t udi n_alérgfﬁ)%o‘l)gfﬁ@rﬁth{eh@tt?nedureg(?meh%]t\)césr;l1 té&dsqéu%rg% @%% ?% Woyngﬁ%ﬁ%%gf to the
first B@elt plate. This advantageously makes it possible to achieve a
particularly | arge contact pressure of the first support plate on the
structure. According to a deveIanentz the support plates are produced from
met al . Inenegerpkadiment axdarening matgiial whigh i registsot to orodelaed thmradiatipn ixderoed.
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to be integrally connected. This allows a particularly’good transter of
mechani cal vi brations between the support plates to be achi eved. According

to yet | pdHtie erfbRYR MR RS Hambii§ o4 Eiﬁtaﬂfrﬁ}tgﬁlpwamr@g irpé"ﬁﬂﬁé%ﬁﬁﬁ\ whi ch

are fornmed using a netal are electroplat nproves the“resilience of
t hese OmSoRe®Os Cadbis aiso furifiarimpioses Kie senfica lifn obthe vibratiniratisothearpagiiat nst
corrosj } : i [N T=REVA, i
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sur r outhgdnflience piesalariiradiantg- el ements of the vibrating absorber in such a
way that, in the event that the coupling of one of the vibrating el enents
to the associated support plate fails, for exanple owing to one of the

at t achifehéevelapsient pf tg vibrgflontahsorber aeqoeding fantha invegtien, érecaitachmenhdeyite wi t hi n

the retdmsieas aifstidnar bonth&irScdTWIREis pfdvided oRARS Fifdt Suppdridift¥ e ordor
more holes in one end portion or a plurality of end portions of the first support plate. In this
case, the holes are constructed to accommodate attachment screws for non-positive and
moment-actuated attachment of the support module by means of applying the first planar
contact face to the structure. A planar contact face advantageously allows full-surface rest-
ing on an associated portion of the structure. The use of attachment screws for non-positive
and moment-actuated attachment of the support module on the structure allows simple
mounting and dismounting of the vibration absorber on the structure. Furthermore, the con-
tact pressures of the first planar contact face on the structure, which are intended for reliabie
transfer of the vibrations from the structure to the first support plate, are able to be brought
about by tightening the attachment screws with a predetermined torque. In this embodiment,
it is possible, where necessary, to secure the screws in a simple manner against unintended

autonomous loosening by means of suitable locking washers.

In another embodiment, the attachment device comprises a second planar contact face,
which is provided on the second support plate. The second planar contact face is likewise

provided for application to the structure. As a result, the overall surface area with which the



B particular when the vibration absorber is used on a bridge structure, the
vibrating elenment fromdetaching itself fromthe bridge structure in the
event that the coupling of the vibrating elenent to the associ ated support
plate fails and fromfalling on objects, vehicles or people bel ow. Another
enbodi ment provides an arrester cable which is connected to the structure

and thg, ﬁbﬁ??ﬁlbﬁul@‘?éj%;ﬁled |t6‘tﬁemtﬁjcfmé‘ﬂ/ﬁfch |é Baﬁéb% of VidrBGdr athédbR inysdmid pérel vy -

event that the attachnent device fails, possi ble for the vibration
absor bdipng @C@S@%a%thqﬁﬁ'%&ﬁ&“@fﬂ%nﬁ@rQF W@%téatlcmmw Hestiusturataifeakage of

the emsb{;ﬁ‘od’blgfe%tdf% APBRPRIdUIR iDfnRtoYERIREr. | n the follow ng, the

present Tnvention is described in nore detail on the basis of emnbodinents
with reference to the acconpanying figures of the drawi ng, in which

fi gur ©$n af by dar&aééb%‘é’%n%oﬁfn?éﬁ tﬁ@%‘tbéﬁ?’néﬁct d@vMé BoRblisdy Ahs RIdhAd @élﬁl‘i’lbﬁ\gng to

a first enbodi ment of the invention, Fig. 2 is a plan view of the vibration
absor belenegntondhiagase te gampingmiemer is sonstiyried for egaging Sebing ek igashPatbs or ber

accor dijpg Bﬂlo"ﬁ ﬂmcﬂi‘@qfllrmé%o@f in'thR dnibtRiithéNthe fieJod fan Se Boddiétetovi ew of
t he V|bra|on absorber according to Fi 3, viewed in the direction A-A

Fig. 5 thesecondsnppart platerindthe clamping slemenbissupia V‘é?ddb?tcﬁ tegsiteforsegande
vi ewed agﬁllécgt% E%[I@F(;d Y tﬁa?’sup‘ﬁbﬂ mcﬁidlegczﬂﬂ rﬁ&é%@&ﬂbﬁﬁeg%ﬁgéﬂgﬂ Mk @ortieh of he

vi brat i er according to Fig. i S aﬁ)?ers ective plan view
of t he the siruatirenByplempingrthe seeralt mgdwle aga'@st gportigy et hestripture. e iBtei eval

basket ’dugfl%eof\%t%t!%’én%l%@{@ét%cﬁ%eﬁt HHHRRH bl it fHRSdtfukfid 84h BE adoiddd uct ure

to which 't ration absorber according to the first, second or third

enbodi mbleast is part Ehisds preticiiaiyv adyaniagepyrewhers. @aﬁaﬂrﬁw@w&}sﬁw akgPtigni ons;

and the vibration absorber is intended to be attached to the structure at a point at which the in-
troduction of holes is not permitted on account of the mechanical load-bearing capacity of
the structure at this point, or where the number of attachment holes introduced is intended to

be kept to a minimum for this reason.

In one embodiment, a longitudinal axis of the tie rod extends substantially perpendicular to
the first support plate. This advantageously makes it possible to achieve a particularly large

contact pressure of the first support plate on the structure.

According to a development, the support plates are produced from metal. As a result, a ro-

bust and rigid support module can be produced.

According to another development, the support plates are constructed so as to be integrally
connected. This allows a particularly good transfer of mechanical vibrations between the

support plates to be achieved.

According to yet another development, the components of the vibration absorber which are
formed using a metal are electroplated. This improves the resilience of these components

against environmental influences, in particular against corrosion, to a considerable degree.

One embodiment of the vibration absorber according to the invention provides a retrieval
basket which surrounds all the vibrating elements of the vibrating absorber in such a way
that, in the event that the coupling of one of the vibrating elements to the associated support
plate fails, for example owing to one of the attachment screws breaking, the affected vibrat-

ing element is caught within the retrieval basket. In this manner, it is possible to prevent, in



Fig. 9 is a schematic representation of a front view of a vibration
absorber according to a third enbodi nent of the invention. 9 In the
figures of the drawi ng, the sane reference nunerals denote |ike or
operationally like elenments and featuges, unless stated otherwise. Fig. 8
is asinplified perspective view of a part of a supporting construction of
a St r UGt Barlvith A8 vibfatoA RBRLBePE u‘é?@&ﬁ‘é'b@ia 8kl Gars!t treVich 2fy QQ&FhP”S- By
way of exanple, this 1s a portion of a Sub- ConstFuction o rail way

bri dgefrom tdgg&h'ng dselbemithe Midge Bruchyse intthe event dhat theecauplingrpl the eibrating

| ongi t gig i ; i . ] el

tr ansvﬂ??gﬁﬂgtio%%ﬁgogla\?/\eﬁ I %bg& g%gér %2% 8@8’5%@? %@%bl{‘ é@bﬁgﬁg@ lljécﬁ ‘%{413%8 %r ders 2,
are coPfi®¥ted thereto and each have a web 4 and a flange 5. In order to
reduce | owfrequency sound radiation originating fromrailway bridges or,
in other words, in order to "deaden the sound" of the structure 1, a

vi br at Meatheregmhadimenttrrovides ansarresigricablg whigh isisoningctert toutbe sirecture aridghe

nmeasurd ' ai jhd i od of
ot o RORTRhICE PRI or W Biq CaS Ahy uRBla bvehPhha R HRaBn o 07 e
i n whi\dee tall® s pogsikle éoritke vibestian absorber toibercatightdpyi reeanstflthe artnesder cadle s t he
di rect} I (Ne i } j ould therefore occur and
t he fr%gﬂghgﬁﬁgﬁﬁg%auﬁ?%ﬂmgﬁgﬂ?%*§%§%§%£gfggggﬁggﬁged. For exanpl e,

vi brati on danpi ng may prove necessary for vibrations along a horizontal

di 1 ect inQRe 180 g ¥ rddehPinvaliloRGe Hﬁé&riyed AR UFAH §Ptnk Babis $f efibofit 9- 1
shows the transverse girder 3 of the structure I'n cross-section and a

vi br at Ments aiibdeliseance tathercgpmganingfiguresef thedeawing in wbichfigereshvent i on. The
cross-sectional girder 3 conprises a vertically extending web 4 and a
horizontal |l y extending flange 5. The vibration absorber 6 according to the
first EEbbHNMENA crossrpestivasf a viipinsrabsather pecording i first embpdimephef the
conpriiggsntibyo support plates 8 and 9. The first support plate 8 and the
second support plate 9 are arranged substantially parallel to one another
and are interconnected in a corner region 10, preferably in an integral
mannergiql ist i SHEOWVBraki j acl isch:t he vibration absorber 6 is
aIreaJ?gﬁgﬁﬁpgg$gﬁhﬁﬂe tragg§é§%g”g%fgg?d£@t?Egipirst support plate 8
extends in a vertical direction, substantially parallel to the web 4 of the
transy i< iewof WY ; I ; : allel to
the fl fg%.zﬁ.sg %?ﬁlglﬁg, q[fr anéélﬁ‘sée&g{br%gg?%?'ﬁ#ﬁggﬁ%%@éﬁ@%&é é@?ﬁﬁe Ig%rﬁrt her
conpri®¥®s a number of rod-shaped vibrating elements 11, a plurality of

vi brating el enents 11 being arranged on each of the support plates 8, 9. In
other words, with the vibration absorber 6 in Fig. 1, a plurality of first
vi br at Fiagft 8lacHidmview of theavilrationphsesbear @ceordingite &ig. guﬁpwed inghadisegiondlés eas a
plurality of second vibrating elenents 11b are coupled to the second
support plate 9. For illustrative purposes, only two vibrating elenents are
provi daa fistairend viemeefdee Mibration [@bserheraegording torfig Hb viewed in therditgctian BtBie
vibrating elenents 11 are |ikewi se shown in cross-section. The |ongitudi nal
axes L_of the vibrating elenents 11 extend substantially in parallel and
ext end 9+ 1§ a RRESRACHYRbetfon Miewdhf Mg yibratigmabsarberaccerginglte Fig. B0 nents 11 are
coupled in a non-positive and nonent-actuated manner to the first and
second_support plates 8 9 by nmeans of a screw connection 12 in each case.
As shoif SiSracRfEsneackys plan view ¢f the vibeadien absasber aqegrdinasiedta. 31 odethesmithiaded

wi th gehls pMBk&h is arranged approximately in the centre of the
cross-section and through which a threaded screw 13, for exanple having a
hex head, is guided in each case. Each screw 13 engages with an associ at ed

t hr eadeg. dehdivsldh dantgheof 4 Eﬁgoﬁmﬂ'{@ﬁf%&tr@tiﬁﬁ f%f 8 sRlicthif ﬁﬁﬁ@gﬂe %%F%B'ht plate

9. By tightening the screw 1 a SpeCI_IC,_SUItgg y selected torque, a
non- pcARSPrags 26¢Rding frthe-fisktt sreead ot hirg ismbgdistent fscakle torba aprjiedincerdatty 11 to
the SURBRY MeBhaHi®s vibratidné:sar@chi eved. The first vibrating elements 118 are
pressed onto the first support plate 8 with a contact pressure which is
suitable for reliable transfer of vibrations. In the same way, the second
Vi br atgigQ BlLImRBMatIE Fdprédehtdiibk 81 #Bnii&T 884 vBRItBNHBEoBEF R SitPRO4 T Pl ate 9

w th an adequate contact pressure.
third embodiment of the invention.



As can also be inferred fromFig. 1, a plurality of vibrating elements 1la
are coupled to the first support plate 8 in such a way that the main
directions of action Wof the vibrating elenents 11 a coupled to the first
support plate 8 extend substantially @arallel to one another and are
substantially perpendicular to the first support plate 8 and to the web 4

of the |4 FRARURLSH 1 8@Ringd thddarkORiférahide n@merally ddriote/likefor\opbratibhdlly likk ement s
l1b are I'i kewi se coupled to the second support plate 9, the main directions

of act ienantyand featuyes uplass StaedABLRMMESE| b coupl ed to the second support
plate 9 for their part extending substantially parallel to one another. The

mai n directions of action W of the vibrating elenents |Ib couPI ed %o t he
second Fig;§is prsimplified pespgetive igwet 2 part gEa ﬁEPRﬁrErﬂﬂ senstrycaneef SEINRYS hippor t
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transverse girder 3. the vibrating el enents 11 shown in Fi
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parall el to one anot her and extend6§arallel to the | ongitudi na\@ axis L of
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of the  lahRDa fdhge & qn%@e? té%dmea WGy lsaurhd/rabnﬁoﬁ éf@inﬁlﬁd@ifﬂﬁh eqis and

are, in particular, of the sane thickness. A |laye

mat er i A8y bridops Pt itethar wardseinaidrnie (Jeadgathe %Qﬂndnai*BPuSHPctUies1 ér‘f'%rgb%
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16 in such a way that, in the event of a bending of the vibrati nglael enent s
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mai n dig; r@Eﬁdr\QH ngc@ﬁtwrﬁéh MeQirufure ishehanRbNOvibRLRY istdstabiishdie ab ay@e 16 is
subjected to a shearing load. In this case, instances of in ernal friction
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web 4 QhnddWehith @HéM@Pseeergbry%rda%pe'auFbmramm@,wsram)rsmdg s RpRGVe cat e 9

conprises a second anar contact face 18 which | i kew se shown in Fig.
1, is ;ﬁ’SéWd@roV"Pfﬁt'@?sdﬂ?"Q a hpazqnta) direstion [ aBd ayefficabdiractien ¥| Fhigercatedrint he
transvefgeg girder 3 of the structure 1. A hole 21 is provided in an end
portion 19 of the first support plate 8, through which hole the shank of an
attachnent screw 22 is guided. In the exanple shown in Fig. 1, the

at t aChrBity SHIuRWhE rahsvefRGiFded Bld? thePstrR i a8 FbsE REERIEShdSEVIBIIiOY apay  Of
exanple. A hole is Iikew se introduced in the web 4 of the transyerse
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the structure 1 by nmeans of the first planar contact face 17 resting on the

web 4. 9 areRiENgPGRUbsiaRtially prralieldn °ﬁ%§6?‘B§Fa'B’ ARINRTGORNESIRd In@ GRTBG 'Ges a tie

rod 24 €0, r@l@rébW‘m% |ﬁl%§ﬂal tanked in the statd 8RE%N hﬁﬂ:IQV\ﬂ tim@hichang ebftisnd
substantialI'y parall he bottom thereof. Furthernore, a cla
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the end of the flange 5 he transverse projection 28 is

const r Uk&cend é@W'@é&ﬁW@?W'P'ﬂtﬁ?ga@Ge &Héthﬁt'@”ﬂ‘ﬁ!s?ﬂ"q,e&r?’ be coupl ed to
the projection 28 and the clanping elenent 25 in such a manner that a
tensile force can be applied to the tie rod 24. For exanple, the r?j ection
28 can e yibrgtiowiabsarpent rtsen soamarises pnwmbes ohgdsshaged t"ﬁf"é‘”ﬂﬁfeﬁ?}%’g
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a through-hole, in order draw said ¢ ement agai nst the portion
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can be SfbRWad tirst dUpBoktiphaté BdwRkérea¥Bipfltality of Sdcohd @fbpétﬁlg(élﬁiﬁéﬁtslﬁﬂ Bdreas a

threaded rod. In other words, the clanping element 25 is able to be
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cooperate and replace sone of the otherw se necessary attachnent holes in
the transverse girder 3. This makes it possible to advantageously mnimse
weakeni ng of the transverse girder 3 and thus a reduction in its nmechani cal
Ioad bear| ng capaC| ty through the |ntroduct| on of attachrrent hoI es. The tie
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As can be inferred fromthe overview of Fig. 1 and 2, the support nodule 7
of the vibration absorber 6 according to the first enbodinent is
substantially L-shaped, which shape is fornmed by the two support plates 8
and 9. In Fig. 2, the further extensiion of the second support plate 9 is
indicated in dashed lines. In a variant of the first enbodi ment, the second
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angle a of less than 900 with respect to the longitudinal axis L of the

secondSYAPBHRateR,8. nprans afia screw capractipn 134N eark @é@dws@mmhﬁmllat eis
denot eghjdirt PlPt hesdcBvragIdHamMalis Brovfd‘éﬂ lelh'ashd{é‘%%Htls Qrfraﬁdéﬁ e{?gt owi ng to

enbodi ment of the vibration absorber 6. Fig. her shows t
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how a vi brati on absor ber according to a
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enmbodi nrent of the vibration absorber in the sane manner as 1 n the first
enmbodi Fhehire sHRANtRYY pRzpendisvlar @ﬁb%ﬁ@éﬁuﬂi@“ﬁﬁ%ﬁ@ 8 andtipithe wely4 ofithedranse above
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to the second enbodi nent Accordin he second enbodi ment e support
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to the second enbodi nent, said retrieval basket may, if provided with a

sui t abkg_5RAPEIRAVbWfithe!RbiiBh FBES k

vi br atlign absgﬁ1 bers accoré‘g to %a?@r&éﬁg %ﬁh?ﬁﬁ?amn%nﬁn?%%hgmﬂl ch is
descri Bddg-i hapgef a Qplltlgwphtjﬂe tnﬁngver e gidars of the iricture dwNof alkthe ivipratingon
absorb&ém@néoﬂqg(iﬁé‘flbltaﬂo@aﬁﬂrﬁéjréelﬁm? ling tshQ\Ln'frhﬁ '@W?tfthr}z l%@'illﬁ@

vi bration absor P . The

kewi se co rise ratln
vi br at iratas s epgleyibmting elemenhy bas a Ilvé\gtttmlmaj devmzim Lt loogitusiirial dlr@zsloas

modi fi cat ih%mﬁré’ur{ghé?erﬁ&ﬁgw 3%%%:};5&5%:,1" %ﬁauleﬂf) ag.E{hreP' A&ﬁﬂgdé 5’@{9

second support plate 9a an are integral l

inter c@?ﬂ*@c?é‘éﬁtVﬂ?faitﬂgrﬂﬁm@éd‘l@mcmlﬂdyatﬁémﬁSJ%lﬂlOla%ﬂi aleag ﬂm)lnn@ltndmay pl ate
37 whi r iaLl rt

ol ate gue Lot FTRAIR TRt A IRFBREEDGH ple OSBRI RaiEg |
suppor i SyFapvayzs tp plow Fanwet @frrgewaatcel drations frae theHirsiupnerolate Btat e 9b

I'i kew fﬁ% firQNBrating sitAeR g 1SrR§§Iresa%$ltéxBBﬁ1ledW98feré%cte't5 ¥ %WHR@& %meaIt e 8,
which, for its part, conprises a first planar contact

appl i cEeNHoW, ﬁcrg‘ﬂ?ﬂééée @nov'de@1rrqzrétauﬁ0eprqducs@rn@xmwlve angd moraentf ace of a

t r ansvgdsfedsERG coRn&dtiod 12 hWEA thé ‘fl%@@lgrdtiﬁ ré%ér{%ﬁ’g LA gﬁé ﬁ?gﬂg@&&ﬁd in the
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side of either the second support plate 9a or the third support plate 9b in
a preferably perpendi cul ar manner. Th&3l ateral tabs 39a, 39b both conprise
a substantially planar | ower surface 41. For the purpose of nounting the

vi br at kggh AGARREE |r5th€¢6§16|‘jbf‘lﬁeta@ dcbBt schew 33 RHABAS alflé t@VibRENTBEY iBkes are
first introduced in the part of Le structure 1 at which the vr@rrtgélon

absor bé&gien pthe freesads 3% b, afa. a%f‘hetﬂ' the gmbrdimerh AR, dro0#T €I¢m b4 of

the trapguense39h LASH2B differ PIIeNdtH oAk WH?the@trﬁ ERNDEMRE |&RftRsSof tHEBacaét er
attachnent screws 22 comng fromone side of the web are |nserted through

t he holmentaate, 33pi Ianaep ﬁ§a¢1?%ﬁﬁtﬂﬁéatt5‘9r?é?m%’?tﬂé1 Savhreequahonevennas inithe ¢
suppor R/af?%] tgeoﬁthe‘é’@éémi supPoR 'ﬁ%té’%w @&ﬁ o%@@rbr&%relém&ﬂ% R KX BWIng Qs

sui tabl e holes 21 for accomm atrnajlut e attach rrent screws 22, is fitted via

the fi estadiustabie positgre30banddhusman adiusiable resitiopef thescrewsrid Fieely Wikrating

Screws p22. LRt RES 34 Hra4gBo8 bedifsre ROEARGRS altt, SRthZslithble sBRcBéoftAédd ons 20a
and 20b. Thereafter, in a second step he sup ort E@at es 9a, 9b whi ch are

i nt egr &Nghscie ﬁﬁél@f‘@twnt%”bﬁhé dinensis Qirﬁ'ﬁ? 10699% dhigknesses ef the re-ar e
fitted, é&%tla%rrs 5 Wibrhtish dAmRpiAg blér £i&dmARqldndy).raAds coupl ed thereto. In
this process ‘ower surfaces 41 of the tabs 39a, 39b are rested on an
upper surface 42 of the first support plate 8, in the region of the end
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elements 11 are of substantially the same length according the embodiment in Fig. 3, it also
being possible to use vibrating elements 11 of different lengths. Whereas, in the embodiment
in Fig. 3, the first support plate 8 extends so as to be inclined at an angle a of less than 90°,
for example of approximately 45°, with respect to the longitudinal direction L of the vibrating
elements 11, the screws 13, by means of which the vibrating elements 11a coupled to the
first support plate 8 are attached in a non-positive and moment-actuated manner to the first
support plate 8, are likewise arranged so as to be offset along a direction which is inclined
about an angle a of less than 90°, in particular of approximately 45°, with respect to the lon-
gitudinal direction L. In this manner, the vibrating elements 11a which are located side by
side and coupled to the first support plate 8 form bar elements 31a, 32a of different lengths,
which lengths are graduated in a specific ratio, thereby rendering it possible for vibrations to

be absorbed over a broad frequency range.

As Fig. 3 further shows, the first support plate 8 is provided with holes in the region of the
two end portions 20a, 20b, which are constructed in the second embodiment of the invention
in a tab-like manner, which holes are used to accommodate the attachment screws 22 for

non-positive and moment-actuated attachment of the support module 7 to the structure 1.

Fig. 4 is a side view of the vibration absorber 6 according to the second embodiment. As Fig.
4 shows, the vibrating elements 11b and 11c¢ coupled to the second support plate 9a and to
the third support plate 9b, respectively, are each coupled to the corresponding support plate
in such a way that vibrating elements 11 which are arranged side by side form bar elements

31a-c, 32a-c of equal length.

Fig. 5 is a front view of the vibration absorber 6 according to the second embodiment,
viewed in the direction B-B (Fig. 3). It can be seen that the first support plate 8, the second
support plate 9a and the third support plate 9b are, when viewed in this direction, arranged
in a U-shape with respect to one another, the second support plate 9a and the third support
plate 9b projecting from the same side of the first support plate 8. Furthermore, Fig. 5 shows
that, in this embodiment, the vibrating elements 11b and 11c coupled to the second and third
support plates 9a, 9b, respectively, are arranged on the lateral faces of the second and third
support plates 9a, 9b, respectively, which face away from the interior of the U. The second
vibrating elements 11b coupled to the second support plate 9a are arranged side by side.
The same applies to the third vibrating elements 11c coupled to the third support plate 9b. In
the second embodiment shown, a plurality of first vibrating elements 11a are likewise cou-
pled to the first support plate 8. These first vibrating elements are stacked in a plurality of
layers 35 along a direction which is perpendicular to the support plate 8. In the embodiment



8First support plate 9, 9aSecond support plate 9 Second support plate
(variant) 9bThird support plate 10Corner region 11Vibrating el enent 11
aFirst vibrating element 11 bSecond vibrating elenent 11 cThird vibrating
el ement 12Screw connection 15

shown, three vibrating elements 11a per layer 35 are arranged side by side. To ensure un-
impeded free vibration of the free ends 33a, 34a of the vibrating elements 11a, spacing
plates 36 are provided between the vibrating elements 11a which are stacked in a plurality of
layers 35. By means of the screws 13, the vibrating elements 11a are tensioned together
with the spacing plates 36 against the first support plate 8, thereby ensuring reliable transfer
of the vibrations from the first support plate 8 to the vibrating elements 11a. For overview

purposes, only some of the vibrating elements have been provided with reference numerals.

It can additionally be seen in Fig. 5 that the first support plate 8 comprises, for its part, a first
planar contact face 17. When attaching the vibration absorber 6 according to the second
embodiment to the structure 1, the first contact face 17 rests on a surface of the structure 1,
for example the surface of the web 4. The attachment screws 22 press the first contact face
17 against the surface of the structure 1, thereby ensuring good transfer of vibrations. In this
embodiment, however, the second support plate 9a and the third support plate 9b do not

have a contact face for resting on the structure 1.

Fig. 6 and 7 are both perspective views of the vibration absorber 6 according to the second
embodiment. The particularly favourable, space-saving arrangement of the vibrating ele-
ments 11 and the particularly favourable accessibility of the screw connections are evident in
Fig. 6 and 7.

Furthermore, Fig. 7 additionally also shows an optional retrieval basket 40, which surrounds
all the vibrating elements 11 of the vibration absorber 6 in such a way that in the - albeit
highly unlikely - event that one or more of the screws 13 breaks, any vibrating element 11
which, as a result, detaches itself from the support module 7 is caught safely. The retrieval
basket 40 preferably engages around the vibration absorber 6 with a positive fit in some por-
tions. As indicated in Fig. 7, the retrieval basket 40 comprises a wire-grid structure in this
case, thereby also rendering it readily possible for the vibration absorber 6 to be visually
inspected. Even if the retrieval basket 40 has been depicted here merely with respect to the
second embodiment, said retrieval basket may, if provided with a suitable shape and suit-
able dimensions, also be used in the case of vibration absorbers 6 according to the first or

third embodiment, which is described in the following.

Fig. 9 shows a front view of a vibration absorber 6 according to a third embodiment of the
invention, which vibration absorber likewise comprises vibrating element 11, 11a-c. The vi-
bration absorber 6 according to the third embodiment constitutes a modification to the sec-

ond embodiment.
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In the third embodiment, a second support plate 9a and a third support plate 9b are integrally
interconnected in corner regions 38 by means of a planar connecting plate 37 which is ar-
ranged substantially perpendicular to the second support plate 9a and to the third support
plate 9b. In other words, the second support plate 9a, the connecting plate 37 and the third
support plate 9b likewise form a U-shaped cross-sectional shape. A first support plate 8,
which, for its part, comprises a first planar contact face 17 for application to a surface of a
structure 1, for example to a surface of a transverse girder 3 of a railway bridge, is non-
integrally connected in the third embodiment to the second and third support plates 9a,
9b.The first support plate 8 is constructed substantially planar and closes the U-shape
formed by the support plates 9a, 9b and the connecting plate 37 at the side of said U-shape
which remains open. Viewed differently, the connecting plate 37 connects the second sup-
port plate 9a and the third support plate 9b in the region of an open side of the U-shape
formed by the first, second and third support plates 8, 9a, 9b.

In the case of the vibration absorber 6 in Fig. 9, too, the first support plate 8 can extend so
as to be inclined with respect to the longitudinal direction L of the vibrating elements 11 at an
angle a of less than 90°, for example of approximately 45°. The connecting plate 37 can ex-
tend substantially parallel to the first support plate 8 and likewise so as to be inclined about

an angle a with respect to the longitudinal axis L.

In the vibration absorber 6 shown in Fig. 9, the vibrating elements 11, 11a-c are constructed
in the same manner, as already described in relation to the first two embodiments, meaning
that reference can be made to the relevant foregoing explanations. In the embodiment ac-
cording to Fig. 9, too, spacing plates 36 (not shown here) may also be provided in order to
ensure the free vibration of vibrating elements 11 - the first vibrating elements 11a being
shown here by way of example - which are stacked in layers. Attachment of the vibrating
elements 11, 11a-c is also achieved in the third embodiment by means of screw connections
13, which, however, are not shown in detail in Fig. 9 for overview purposes. According to Fig.
9, the vibrating elements 11b, 11c are arranged side by side on the faces of the second sup-
port plate 9a and of the third support plate 9b which face the interior of the U-shape. As can
be seen in Fig. 9, the vibrating elements 11 are thus enclosed transverse to the longitudinal
direction L of the vibrating elements 11 by the support module formed by the first support
plate 8, the second and third support plates 9a and 9b and the connecting plate 37.

In the case of the vibration absorber 6 in Fig. 9, the connection of the first support plate 8 to

the second and third support plates 9a, 9b is achieved by means of a non-positive and mo-
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ment-actuated screw connection. For this purpose, two lateral tabs 39a, 39b are provided,
which are both arranged so as to project outwardly from the side of either the second sup-
port plate 9a or the third support plate 9b in a preferably perpendicular manner. The lateral

tabs 39a, 39b both comprise a substantially planar lower surface 41.

For the purpose of mounting the vibration absorber 6 according to Fig. 9, a number of at-
tachment holes are first introduced in the part of the structure 1 at which the vibration ab-
sorber 6 is intended to be attached. In the example shown, the web 4 of the transverse
girder 3 is provided with attachment holes. Thereafter, attachment screws 22 coming from
one side of the web 4 are inserted through the holes and, originating from the other side of
the web 4, the first support plate 8, which, in end portions 20a, 20b, likewise comprises suit-
able holes 21 for accommodating the attachment screws 22, is fitted via the first contact face
17 to the surface of the web 4. The attachment screws 22 thus pass through the associated
holes 21 in the end portions 20a and 20b. Thereafter, in a second step, the support plates
9a, 9b, which are integrally connected to one another and to the connecting plate 37, are
fitted, together with the vibrating elements 11b, 11c coupled thereto. In this process, the
lower surfaces 41 of the tabs 39a, 39b are rested on an upper surface 42 of the first support
plate 8, in the region of the end portions 20a, 20b in each case. The lateral tabs 39a, 39b
likewise comprise holes through which the attachment screws 22 are guided. Ultimately, by
means of attachment nuts 23, a non-positive and moment-actuated connection of the first
support plate 8 to the second and third support plates 9a, 9b is produced and, at the same
time, a non-positive and moment-actuated connection of the vibration absorber 6 to the web
4 and a pressing of the first contact face 17 against said web is achieved for the purpose of

good transfer of mechanical vibrations.

Owing to the two-part construction of the support module 7, the vibration absorber 6 accord-
ing to Fig. 9 advantageously allows mounting by a single person, even if the vibration ab-
sorber 6 as a whole is heavy, for example on account of a large number of necessary vibrat-
ing elements 11. Even if the web 4 extends in a perpendicular manner in the case of the
structure 1, it is possible to first suspend the support plate 8 having the first vibrating ele-
ments 11a on the penetrating attachment screws 22. Only in a second step is the second
part of the support module 7 then, as described, fitted with the remaining vibrating elements
11b, 11c. The mass of the vibration absorber 6 is thus spilit into two lighter parts, which can

be handled more readily still.

Furthermore, Fig. 1 to 7 and 9 show the main directions of action W, W’, W” of the first, sec-
ond and third vibrating elements 11a, 11b and 11c, respectively, to provide an illustration for
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all three of the embodiments described. It can be seen that the vibration absorbers 6 accord-
ing to the first, second and third embodiment of the invention allow vibrations to be damped

along two mutually parallel directions in space.

In the two embodiments shown according to Fig. 1 to 7 and 9, described above, the tongues
15 of the vibrating elements 11 are preferably produced from metal. The support plates 8, 9
(or 9') and 8, 9a, 9b are likewise preferably produced from a metal material and are, in the
first and second embodiment, preferably integrally formed with one another. In the third em-
bodiment, the second and third support plates 9a, 9b and the connecting plate 37 are pref-
erably integrally formed with one another and together with the lateral tabs 39a, 39b. This
makes it possible to ensure a high mechanical load-bearing capacity and a good service life.
Preferably, the surfaces of the metal components of the vibration absorber according to the
first, second and third embodiment are additionally electroplated, thereby ensuring improved

resistance with respect to environmental influences.

The vibration absorber 6 according to the first, second and third embodiment comprises vi-
brating elements 11 which, in particular, allow effective absorption of low frequency vibra-
tions in a frequency range of approximately 10 Hz to approximately 200 Hz. In all embodi-
ments, a damping layer 16 is provided between the tongues 15, the damping material form-
ing this layer 16 preferably being resistant to ozone and UV radiation and enduring tempera-

tures in a range of -20 °C to 80 °C, in particular, without damage.

Although, in the foregoing, the invention was described with reference to preferred embodi-
ments, it is not restricted thereto, but may be amended in many ways without departing from

the subject matter of the present invention.

In particular, it is conceivable for the attachment device to be constructed, for attachment of
the vibration absorber, in such a way that the support module is able to be connected to a

portion of the structure by welding.
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2. Vibration absorber according to claim1, characterised in that the first
(8) and second (9; 9a) support plates are arranged substantially

per pendi cul ar to one another. 3. Vibration absorber according to either
claim1 or claim?2, characterised in 2hat the support nodule (7) conprises
a third support plate (9b), which is connected to the first support plate
(8) in such a way that the mechanical vibrations can be transferred from
the first support plate (8) to the third support plate (9b), a third

vi br at &4&im8 enent (11c) being coupled at a third position (30c) along the

| ongi tudi nal axis (L) of the third vibrating elenent (11c) in order to
transfer the mechanical vibrations fromthe third support plate to the

9h
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cl ai m 35p 48 bAGhatLS 8Plehst if Qé‘r’hetp'aﬁlofrtbrc%tmdrﬁ)n and third (9b) support plates

are arranged substantially perpendicular to one another. 5. Vibration
absorber according to either claim3 or claim4, characterised in that the

first Qa?’)easﬁt%oreg | sh&F9d MG tihd blefhen B! 1§Wﬁl§?{éacﬂ|ﬁ&§/8% Iéﬁgﬁtuairnépé}éi@g_bl ) dhda

U-shape wth respect to one another, e second (9a) and third (9b) support
pl ates projecting fromthe sane S|de of the first support plate (8). 6.

Vi brat iy %r‘tpﬁgﬁ g{&f‘afe (@98&59&.&?&; étCIeé‘éthGrhén pERAERRIpB6H PRied (8, Biioal b9 sRCcoNnd

(9a) an ort plates are interconnected in the regi on of an
open s@@@t@ﬁhmﬁ’et @@ﬁé wharew connecting plate (37). 7. Vibration
absorber according to any of the precedlng clainms, characterised in that

the coupling of the vibrating el enents (?)c) to the supgort pl at e %{éS 9; 8,
9a, 9b)oritse purpese atattashing teaahreaeebaerbar iR pesturtuee ehidhaghiaehimett uat ed

Screw %WBQ ?ﬁé)‘?@c&njs?r).lcteti fin B&¢H 4 G| 8at RIecRBRBS VvifrafioM of tHeeMBuctuts]1)icaneach
case brati on absorber according to any of the preceding clains,

char acterFF=‘§§ini infp atieast arfisstiPLefdbe AYPRONGMBRES (11) are arranged with respect
to the support pI ates (8 9; 8, 9a, 9b) in such a way that a main dlrectlon
of action (W W W) of each of the vibrating elenentsag ext ends
subst arthe amngwﬂgéatsekﬁju%ﬁt%a %) ateriptescanpested i) sHad g way that the naechagieal ¢ o whi ch

this V'vﬁfréﬁdn@gsaﬁ|b%rfpdi‘15fe('r%a)frdn$th‘é(ﬂr'§t|sﬁgport BlateV 8?[035 56¢bnalls 03a) @ trragtpr di ng to

any of the preceding clains, characterised in that the position (30a, b;
30a- c) Port plates:@dpl i ng of t he vibrating elements (11) to the support plate
(8, 9; 8, 9a, 9b) is selected in each case in such a way that each

Vi bratlajgg element (11) forns two freely vi bratlnog bars (31la, E
3la-c gt \dhratipg glﬁn@né(mp)(@cpogﬁleg,%a{y $iposition (30a) along the Iongltudlnal aX|s( )

of the first vibrating element (11a) to the first support plate (8) and a second vibrating ele-
ment (11b) is coupled at a second position (30b) along the longitudinal axis (L) of the second
vibrating element (11b) to the second support plate (9; 9a) in order to transfer the mechani-
cal vibrations from the first support plate (8) to the first vibrating element (11a) and from the

second support plate (9; 9a) to the second vibrating element (11b).

2. Vibration absorber according to claim 1, characterised in that the first (8) and second

(9; 9a) support plates are arranged substantially perpendicular to one another.

3. Vibration absorber according to either claim 1 or claim 2, characterised in that the
support module (7) comprises a third support plate (9b), which is connected to the first sup-
port plate (8) in such a way that the mechanical vibrations can be transferred from the first
support plate (8) to the third support plate (9b), a third vibrating element (11c) being coupled
at a third position (30c) along the longitudinal axis (L) of the third vibrating element (11c) in
order to transfer the mechanical vibrations from the third support plate (9b) to the third vibrat-

ing element (11c).



10. Vibration absorber according to any of the preceding clains,
characterised in that a plurality of vibrating elenents (11) are coupled to
at | east one of the support plates (8, 9; 8, 9a, 9b). 11. Vibration
absorber according to claim 10, char@2erised in that the plurality of
vibrating elements (11) are arranged side by side on the at |east one of
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this vibrating element (11) is coupled.

9. Vibration absorber according to any of the preceding claims, characterised in that the
position (30a, b; 30a-c) of the coupling of the vibrating elements (11) to the support plate (8,
9; 8, 9a, 9b) is selected in each case in such a way that each vibrating element (11) forms
two freely vibrating bars (31a, b, 32a, b; 31a-c, 32a-c) which are fixed on one side.

10. Vibration absorber according to any of the preceding claims, characterised in that a

plurality of vibrating elements (11) are coupled to at least one of the support plates (8, 9; 8,
9a, 9b).

11. Vibration absorber according to claim 10, characterised in that the plurality of vibrat-

ing elements (11) are arranged side by side on the at least one of the support plates (8, 9;
9a, 9b).



of the tie rod (24) extends substantially perpendicular to the first
support plate (8).
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12. Vibration absorber according to either claim 10 or claim 11, characterised in that the
plurality of vibrating elements (11) are stacked in a plurality of layers (35) along a direction
which is perpendicular to the at least one support plate (8, 9; 9a, 9b) and are in contact with

spacing plates (36) arranged between the vibrating elements (11).

13. Vibration absorber according to any of the preceding claims, characterised in that
each vibrating element (11) is formed so as to have two tongues (15) which are arranged
substantially parallel to one another and have the same dimensions, a layer (16) of a damp-
ing material, in particular a permanently resilient material, being arranged between the

tongues (15).

14. Vibration absorber according to any of the preceding claims, characterised in that the
attachment device (29) comprises a first planar contact face (17), which is provided on the
first support plate (8), and one or more holes (21) in one end portion (19) or a plurality of end
portions (20a, 20b) of the first support plate (8), the holes (21) being constructed to accom-
modate attachment screws (22) for non-positive and moment-actuated attachment of the

support module (7) by means of applying the first planar contact face (17) to the structure (1).

15. Vibration absorber according to any of the preceding claims, characterised in that the
attachment device (29) comprises a second planar contact face (18), which is provided on
the second support plate (9), said second planar contact face being provided for application

to the structure (1).

16. Vibration absorber according to any of the preceding claims, characterised in that the
attachment element (29) comprises a tie rod (24) and a clamping element (25), the clamping
element (25) being constructed for engaging behind at least part of a portion (27) of the
structure (1) and the tie rod being able to be coupled to the second support plate (9) and the
clamping element (25) in such a way that a tensile force can be applied to the tie rod (24)

and that support module (7) can hereby be clamped against the portion (27) of the structure

(1).

17.  Vibration absorber according to claim 16, characterised in that a longitudinal axis (LZ)

of the tie rod (24) extends substantially perpendicular to the first support plate (8).



