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Vi sco elastic danping in a piping system FlIELD OF THE
I NVENTI ON AND PRI OR ART The present invention rel ates
W 200&/1piops Nng system for visco el astic danpi ng, PeWB2005/001351

systemoscillates with high frequency, small anplitude
oscillations. In particular, the invention has been

devel oped in connection with the grow ng probl em of
acoustic oscillations in piping structures or systens
used for transport of fluids. The problemnmay rise to
serious wismnelasisci fanpisgpimpespipids a¥$Getat ed pi pe

and structural details have natural frequencies which

FIE#]?' @g V&ﬁ%ﬁ{%ﬁ%ﬁ ?&i el fr%quency in such a way

resonance ari ses. |onal anplification may
arise if the natural frequency of the pipes and

Thea§§9§éﬁEeﬂn@éﬂ%&éﬂ“&éﬂdﬂéﬁlﬁ&“a Féhbssyﬁﬁéﬁ 85r visco

port arrangene ttached ves an
128008 CeamereS; o Tt UL S0 (I AddS e “APUPPT Troduency,
small eguehit @de soundi Theatidrdaui d- structure interaction
occurs. Such types of resonance have in some cases
caused ruptures in the affected piping systens with

In paskagelahd By sEyRHiqn dlesofoesiplisyrdpeedsip connection
w1tﬁoﬂﬁ§qyﬁﬂﬁ§ngﬁﬁﬁ&ﬁagﬁidﬂ’éﬂﬂd@ti@h%s@ﬁthﬁﬁbhﬁ @ddpmglng

ional stiffeni onpo ents ha e i ff
stx(EChERR Ot TYRTG O, CHangel HE inafurdrias. The problen
mayf régqeenci esrbbus tr@m:e:msand d@&m@tesr emdveseprhared pipe
andtggrﬁégﬁfgi'&gE§HI§h%ﬂ&?%&&ﬂ&%leQ%%%%enéléstQﬁlch coincide

tatiron spectrumis relatively broad with typical
WltUan@seWbW%mequ%n%deﬂ% Pe¥a¥h&Rabf FeSREPERAR
aribase ﬁd@it;@ém&m AfETUeTEt AT insy \eirtikepri€ssteenandral

erefRBREcoF e URTT o Gy s e b 1B g BRgLckuras
details, such as support arrangements, attached Valves and
measuring devices etc., coincides with acoustic natural
frequencies such that fluid-structure interaction occurs. Such
types of resonance have in some cases caused ruptures in the
affected piping systems with leakage and subsequent risk of

explogions as a consequence.

Attempts to solve the problem by adding additional stiffening
components have littlé effect, as such stiffening only changes
the natural frequencies of the system and does not remove
either the excitation or the response energy. As the excitation
spectrum is relatively broad with typical values from above 50
Hz and multiples thereof, and the base excitation frequency
varies with pressure and speed, it is extremely difficult to
significantly improve the situation by the use of stiffening

components alone.
For a suspended vibrating element there are four different

physical forces acting directly on the element: gas pressure,

inertial forces (mass acceleration), spring forces (stiffness-

CONFIRMATION COPY
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conmponents al one. For a suspended vi brating el enent

there are four different physical forces acting
wal2oosai4oys on t he el enent: gas pressure, inertiBCT/ARCH®1351

(mass acceleration) , spring forces

(stiffnessdisplacement) anddanping forces. It is

t hese forces which govern the response energy. Danping

forces have the characteri stic that they take energy

t _of the sY, eI ast i gi.ves forces
disp F3PoPET ohat (f av“@%ﬁ ty rc§<§cor¥%a ngéﬁ% ﬁoﬁﬁﬁso‘@&b?h
govehr otigh fespiismn anendye supporting arrangenent and air

st ream danmpi ng. Wthout danping, a free oscillation
continue to infinity and the response a
Dam?%%%n%%%%ﬁ%umqvqlﬁﬂﬁe ﬁé?teﬁﬂﬁﬁﬂFythPﬁsFBFVl hgke energy
out s f fleai sgs teamp onienics atrde iof dafn@ﬁngxgﬁmlee lfat:eels Wi |
C t e 5 rt| a. Mta LpLn
proé)&%/lgﬁ;ﬁa%% tH eorcfe tfajr e%%l ﬁ@@r atur gllngama?’nog Gira %lﬁrough
frlﬁ?"sl%rltlllytlt&heswmﬂ%@trrﬁégéﬁl&ﬁéeabdc@W‘Essarpa@bd@mplng

wltﬁé@elam@ﬁi damerss o%&ﬁl@%l@&s%lédL@”E?ﬁ@:Lnﬁ@uggeiﬁflnlty
andd%_elraul i c danpers, sfl asnma danpers and "Cerb ers

TofSTRARAT G WSO Eon péHSFeF‘ﬁsdtPnl’aEé%%
Instrabelyg hsighf fareique roynpdicoad hadguecy fepeekaapaad steel

w1lfn3$+¥g$?%ns e VISC%%%Isglgnﬁpaﬂggtgg d@?P%EgPlplng

0SCl ast

syswrﬂ%em‘ce e e rAaT sretiffdd-of @etagallydﬁ@pmgs Voi@iots partly

he 0BEPENY {110 R dHhaTWR] SFeoisCh pEeplegated in an
environnment with tenperature variations beyond the

wor ki ng range of the visco elastic material and in

' Tradiht tdnd hedandmat i egngthase meesy dsmekisanphitbbdes, Hpéraulic

damﬂ;@fé er d *@an&é%}%e%%ginc‘%e%at dbh le§sd' Ii&' HHU f&x‘?ctlon
|ed% e necessar ef ormati on Fn t e HE
wel%mﬁ%” type of load in question, namely hlg frequency,

broad frequency spectra and small amplitudes.

A possible method of damping oscillations is visco elastic
damping, but there is hitherto no known method for applying
thig form of damping to piping systems which are located in an
environment with temperature variations beyond the working
range of the visco elastic material and in which the vibrations
have very small amplitudes. The latter has the consequence that
it is difficult to achieve the necessary deformation in the

damping material.

Visco elastic damping of pipelines which are excited and set
into oscillation by wind forces, is already public knowledge,
see for example US patent no. 5,193,644. The method of damping
disclosed in this US patent includes suspension of mass
elements on the pipeline by means of elastic elements which are

subjected to shear forces.



10

15

20

25

30

35

Vi sco el astic danpi ng of pipelines which are excited

and set into oscillation by wind forces, is already
weombsileiobhow edge, see for exanple US patent nBCT/IB2005/001351

5,193, 644. The nethod of danping disclosed in this US

patent includes suspension of, mass el ements on the

pi pel ine by means of elastic”elements which are

subj ected to shear forces. Arrangenents where visco

n has bee ed to danp out vibrations
A e R T, A R gt Rge G, B4 BeoRnbeed b damp
OU%Lﬁﬁbﬁﬂﬁkﬁﬂﬁnmﬂnhead&wpﬁwq Eaampnal1hasube&mn@ba0£ﬁe also

kn$WﬂVW¥H‘édﬁhfﬁﬂfg(%?MQ%%%e@Eﬁﬁ?ﬁﬁshggggygfs?ﬁs ee%¥ %}aced

exanpl e US 4 ese caSes
PR HE M D i 4 Tt WO TERE S 8T by LEREERRAF s efeecEar agrhmple US
4, a3, CEMperldcs aarr’rmmdcagteweeaeaaﬁmxeg §&r3§.'§r¥1 r&s@MMations

t
Ca&%@gﬁiﬁ&%ﬁ?*1aalf’22f§ﬁe?t?"n§8§te Bk FeMBET it 1y Shosy hetveen a
%ﬁﬁnﬁqﬁ?QiﬂﬁQI%ﬂﬁ ¢ire endf PAi ncepducpibgtilpesn or pi pe

structures in which harnful and/or destruch|¥e
t ci atlons may occur in the hig requency
W?Fﬂ%ﬁv Pm 50 to 100 0 Hz and with small
anpl i t udes, typlcally | ess than 0.1 mm mnthgut
t i i invention to these
Thésﬂfégéﬁk 1n.§thgF.? dggfﬁgpﬁly at%eé F é%ﬂﬁ%ﬁﬁ of

requenc ranges
OSGiHd Ariegientlny rﬁxlélﬁfiu ﬁnﬁgctmgrl@w@@ Qr PipaEisystemes in

whifdli heirsE@lekbast/ioe dagpk-08t Mk Chcbis @i Prasd i Al may
ffectl counteracts the interna

bst anti al |
o %I téﬁcﬁaég %FS&FFHBKCE%H%?%Ssﬁ¥%ﬁ%%ﬁ4¥ﬂﬁ%ﬂﬂ;5q o 1000
Hz pmg mlpmngm@yétamplﬁnudedertYpu@mnn@ Dédercidt Ngs. mm,
w1ﬂH@%&e%%%1EQQgS@Eﬁ&¥1ngh€hﬁ3§9e8§$@ fnéf&h”ﬁv %%%?
i s achi eved Pl Pl NG SyStEm as My
fregaendd angh éF‘Q&tléPiii edaRges hat t he

One main object of the present invention is to provide a piping
system for visco elastic damping which in a practical and
effective way substantially counteracts the internal loads,
such as flow induced pressure variations, in the piping system,
in order to among other things increase the safety.

The main object of the invention is achieved by means of the

piping system as initially defined, characterized in that the
system comprises one or more autonomous vigco elastic damper

links of the type which comprises one or more layers of visco
elastic damping material fixedly bonded between a first stiff
member and a second stiff member.

According to a preferred embodiment of the invention the visco
elastic damper or damper links is/are stiffly joined between
mutually connected pipe sections (pipes) or pipe details in the
piping system.
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system conpri ses one or nmore autonompus visco elastic
damper |inks of the type which conprises one or nore

WO 2908184063 Vi sco el astic danping naterial fiXxeRClIB2005/001351
bonded between a first stiff nmenber and a second stiff
menber. According to a preferred enbodi nent of the
i nvention the visco elastic éanper or danper |inks
is/are stiffly joined between nmutually connected pipe

j pi or_pipe details . iin the piping. ,
R A Bl R Brar. BRePeiPettoRbobrHEvBIEion o
vigee ¢lpaintd oirmper so tdleastiid teppelsobrrhrgeadi ot y@enping
fiSs@Tangeshd o da@iRg 9t ,asaLh ! at ; € f£i -
° on itqﬂgﬁg% df}eqtion g? ga?ﬁ?gta%%%g§géﬁ 5? %ndl¥$Euplpe
”Jt)vvog%ﬂ‘ictd“aéﬂ ds1q Iiggmperestict AemBard eypehareaid type are
areETgE etbd atangdmg g @fsc?l&ﬁiatléahboélér%§é 0§§i§a1§&1gitudina1
| A NG ' .dj raction of said pipe. According to
drgnotcéfqgfg%%$% gighbodinent of the invention two
visco elastic danpers are arranged nutually rotated 90

AcdtRgriers do skt Heangibidi-pal Shbsgihon: and {Rstentdicion two
bet [ bend._ According to

, t.h i pe | eqgs of a pi
VL e o FETPEd SoHESAPFEATISE THEHAhLE T GHEGhe0 degrees
in rdepdorigiewiised eiastitodaaperfist@ioyisietiedt ik pipe

ra nrolling el ement and that the visco
lqufggfﬁb%ggﬁb%%ghﬁateriaI and the tenperature

controlling el enment are surrounded by an insul ation

AcdaayEmngwticC BnosherC ppstkated Mbda et Uehd™®aintion the
' usi ng. t enper at ur e

ch.as a.protective jacket. B
re st 1% B8R0t at et e Ganptt T R bed  Cemperature
Cofﬁ{r@rlééf@igsEﬂ@m(enenpedathaie:)tln:@nwﬁscucmreslafsjiceaidmaing material
and R@eVicdialr¥t8cR ebastber ?ﬁeﬁéhé“§¥gléﬂkfgaﬁ ¥ by an
., secuyred. _A fundanental |dea of the present invention
ins, aF&o&aﬁﬁyer which is encapsulated by a protective means,
such as a protective jacket. By using temperature controlled
visco elastic dampers the necessary prerequisite (temperature)
conditions for each individual visco elastic damper in question

may be secured.

A fundamental idea of the present invention is to damp
oscillations of a pipe or pipe detail(s) in a piping system by
means of one or more autonomous, i.e. self-damping, visco
elastic dampers or damper links by connecting two different
parts of the piping system with each other and/or between the
piping system or structure and another free standing object,
such as a supporting structure, via one or more of said dampers
or damper links, which dampers or damper links are stiffly
attached to the pipe or pipe detail(s) to be damped and the
piping structure. Thus, the damping of the pipe or pipe
detail (s) substantially limit the relative displacements
between the two different parts of the piping system, thereby
limiting the oscillating material strain which is what causes

fatigue failure.
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oscillations of a pipe or pipe detail (s) in a piping
system by neans of one or nore autononous, i.e. self
WO d@spi4eg; vi sco el astic danpers or danper | i nRGT/B2005/001351
connecting two different parts of the piping system
wi th each ot her and/or betme%p the pi ping system or
structure and anot her free standi ng object, such as a
supporti ng structure V|a one or nore of said danpers
er |inks are

or _danper |i nks, ers ,or, danmp
The  §3Py” % M&?ﬁ %&g@ dimiitge "Herake tER9tl e
compapesbrane. t eo g rtglgmsrl udEt daepetbyse. yheviaopi afaefic cerb
upst
aadhfe ) 85 Ofe MR SER AR e, BAhbBhlYabplikat Hne wicn
Sm@$1t?@41%%N%mﬂ%%%ﬁ%%ﬁ“¥héh@byolNﬁrﬂﬁﬁgoﬂhénoébatiatl¢@ﬂs or

teﬂ@éﬁ&t@&efﬂdéﬂdW\MﬂﬂyﬁﬂdéﬂMﬁ@h Q@M&Q%n&agbgﬂg of application
failure. The danmper or danper limted stroke

S
18| SR M S i s Switth 8F 5&8@ bSFwa‘aﬂp%r%upl%O@t
lowaston edrasthe n@rrb dampetsuandres ahieanepope bbietedcd de
da ing applications with snall relative deformation
ue to variation in static |oads or tenperature | oads.
A typical non-limting scope of application is to
Tharl SN ger tdlies dlarme dadipiganeekenkthik hak@@emtapégﬁpl@lé to

|l ocation_ ,on the [ i.pe structu
i SRS ot e B IBE A PR TalNara o Tal Bhend cvotems
fonakJe@sulds puskidsisest d doadrlyase, istiutturdl padanpi oy séctions

of 0864 | 4RI QNS FHL RIIRIIS 2 ShapR rEOhall B gégQPge@aé§S
| ocal 'y to individual parts or sections of "the system

COMPRIGHR ST 1At i@ Wsith SIS WRE B&or é&ﬁﬁaéh}c‘égr%%np%é?ﬂ?scan be
st Al d ached b etomee tadd tSJUb&hreurChéligﬁbo\MaLﬁ@ ganfHees. The

acﬁ%&étéégégla@ %&p%_t %aa%Eh%r n% ghgoggifgtrurf gg&'a
eV|scoeaS|cda ers w
sub$¢ﬁﬁﬁxﬁknqmount of the vibration-deformation energy into
heat during the course of each vibration or oscillation cycle
and thereby damping the vibrations. The present invention
solves the above-mentioned types of oscillation problems in
piping systems through the targeted introduction of a practical
form of structural damping, instead of modifying the stiffness

and/or inertia of the system as in the prior art.

The loss factor of a damping material is a measure for how much
of the oscillation energy that transforms to heat in the
damping material. A high loss factor means that the
displacement damper will transfer a substantial part of the
oscillation energy to heat for each oscillation cycle. For
visco elastic damping in a piping system, this is an
irreversible process. The energy loss to the surroundings is
due to the hysteresis in the tension-strain curve in the
damping material. The most effective hysteresis is obtained by
letting a layer of damping material experience shear

deformations.
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substanti al anount of the vibration-deformation energy

into heat during the course of each vibration or
wos@siii#Bs on cycl e and thereby danpi ng the vi bPEl/IBM683001351

The present invention solves the above-nentioned types

of oscillation problens in piping systens through the

targeted introduction of a pﬁactlcal form of

structural danping, instead of nodifying the stiffness

and/or jnertia of the systemas in the_prior art. The
Som%s%afrwgarm%ﬁe%%rpuswgweﬁpal exgNRl ApHEEFR S hHb

di@lhhgh oﬁ%ﬁmmn IHaa4d @;lrmee@%@yﬁcitaa&stﬁfansfq@t Mhé O1beat factor
e mpLn r| a SS ac

i R TN O ARt GHFREP RS EPARSTEr ge T4 vibration
fregbetent i sge phirqunsf 1t-h&hes tembatratnrendeggndentigatt fiore loss
fa@@&l.h pschdat | Q- sde cHERr ivkSaRpehashibG Qﬁ'TPféQuér@c@ When

ing system this is an irreversible process
?@;ﬁ#%%fslq YR Sdr ASuNdPAgE OF s 9auBEE Phecscillations,
1th@§tﬁﬂéfafbré1ﬂdusésary @R ketpatheCcuaverialt hetWamps ngiven

rf%%féﬁﬂe {Jhe émcSt gaftfa%%t LYe %é%&%%?sggérké opLal ned; by
ria errence. shear
termﬁmtrmﬁ oWsngeSd{?e O@éﬁcﬁudn@hﬁamrkang rgugﬁ &erfipransition

re &XSP! &F Vﬂ&cafle.dcaﬁteu%s@%puaa rabenhebeiahaveni &g is
in harac erjiﬁ the | oss ?cto i s degendent

on
PETPdr afuré94RE Vi bf 3 bRperatures
bqusxeqlzbEm:yram Hheguwriescd elibéitenpeeratal ebdepeadeficygile and

0 f 0 r t
T e oy i TP o as e THE obbffla) | Semperatuge
range sy majre |hﬁ§9@ﬁso§@ﬁFléﬁﬁoﬁ§bb?¥ iﬁkﬁherefore
necessary to keep the material within a given

t t bt t f
i i e
1nw¢mﬂmpn|wnﬂl@ﬁppgﬁﬁ dgfrotmhéhei sodepkngent damphmgand the
suﬁ@gﬁﬁéﬁﬂ’déggfﬁbﬂf%n.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be explained in more detail with
reference to the appended drawings which show examples of

embodiments, and where:

Figure 1 shows module of elasticity and loss factor for a wvisco

elastic material as a function of temperature,

Figure 2 schematically shows a cross section of a visco elastic
damper with an optional temperature control, according to one

embodiment of the invention,

Figure 3 shows visco elastic dampers between a pipe and an

attachment, according to another embodiment of the invention,
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indicated with a double arrowin figure 1 . For
tenperatures below this range the visco elastic
woraioeni4Bs becones fragil e and gl ass-1i ke. For PCT/1B2005/001351
tenperatures above the optimal tenperature range the
mat eri al becones soft and rubber- |ike. Further
preferred enbodi nents and features of the present
invention will appear fromthe independent clains and
., the subsequent, descri ption. BRI EF DESCRI PTI ON OF THE
P R NS PTG § Y SROWEI B A5RSBeSEXpFF nearPenFslar to
thaletaidimdimalefemcenc aclcaibheaapprodadidr awgngs hi ch
show exanpl es of enbodi nents, and where: Figure 1
. shows nmpdul e of elasticity and |oss factor for a visco
Figiesstd chateriidiccaslastincepprest peapedabakecerrigiy e
att%'ltcﬁ'ﬁritﬁi. i d,i cald Yedt t%h\é@l @n@tr _@@Stiﬁécﬁtgﬁc%eﬁtéﬂ a?r@c? a Ipipe,
el asti c .danper_ .wi n _optiponal tenperature control,
2cSRBRAE i PO e MBACTERE CoPEt HBS) LUGRRT O i gur e 3
shows visco el astic danpers between a pipe and an
FiéﬂﬂéﬂaUEHHwS %PQQ%%bﬂglggtéﬂo&FﬁZef”H89ﬁ9§@tiﬁfatIEb.de ree
_1nvention, Figure 4 schematica shows a cross sectio
PiRfe it QACRE Gt ke PIRGREHIFHAPIERSRE QBcEhoningention,
shown in figure 3, Figure 5 shows visco elastic
: s..pl.aced hetween two_attach ts,.and betwee
r o N SEREn kg ot bPBE. P obHif iy A itk Thgure 6,
anot her enbodi nent of the invention, Figure 6 shows a
FiMh: 3 eRsld G datRer sBBUALRd, 1808 480 f8QL € DI Ne rigure 6,
end, according to another enbodi nent of the
i nvention, Figure 7 shows a cross section along the
Fidumee SAshdws fiigioe eBastEegaaep8rshavsntedr s e SEEldedftee
pi WG, & h%clc'og}%liﬁ' Bt'o”a&b@ﬂé% g o) gjl_rgélrrlt? c?f SOONS; W3t C:lLon,
¢ danpers 7o rn-a 99 %egree

el asti unt e

Figure 10 shows a ring type damper, according to another

embodiment of the invention,
Figure 11 shows a cut along the line C-C in figure 10,

Figure 12 shows a subsea assembly of visco elastic dampers

according to another embodiment of the invention, and
Figures 13 to 23 show different types of adapters.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION

Figure 1 shows how the modulus of elasticity and loss factor
for a visco elastic material vary both as a function of
increasing surrounding temperature when vibration frequency is
held constant and decreasing vibration frequency when
surrounding temperature is held constant, with the visco
elastic materials working temperature given as the temperature

range between glass-1like and rubber-like behaviour states.
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pi pe bend, according to another enbodi ment of the
i nvention, Figure 10 shows a ring type danper,
w@ewsndiosyy t o anot her enbodi ment of the i nvent PGIB2005/001351
Figure 11 shows a cut along the line CCin figure 10,
Figure 12 shows a subsea ass%nbly of visco elastic
danpers according to anot her ®enbodi nent of the
i nvention, and Figures 13 to 23 show different types
,of adapters. DETAI LED DESCRI PTI ON OF PREFERRED
FIEVEOD VENTS OF SAEETa0ENFTORSFE§GEECR Shofs VhERPt pbastic

dampeit| L5 Dfcwddstderitiyprgnaihiess dhagter cfaﬁétatutégoa damper

a r 0 a_funct fipereasin
1l§%r§%ﬁﬁ |né§€%%%§?a ﬁ?@’&ﬂg%%5fﬁraPa gque cyrpd system
an@épy Qﬁﬁwﬂ%mﬂﬂéhdﬂdééme&MSﬁ@mvandaanghhéreQQeﬁcyt@n@nng

obfélétf oufigh Ngh bR ariatu rc%mpilfé%l dacenskanteipet He&ﬂa@r
VI SCO, el astic erature |ven

%g*la S work g i
COPREL T HP iR (RS G5 GR3FE wkeh FgPaeE el PREMERE and 3
formbbera |TkehdEhataay ssicaties., Fegdr en2eatiopard of a strut 6

orsgﬁgnPfﬁé eretssaicie &%&P%%.Qe%f %ovhgcg?u%8§ﬁlg gﬁgpef?fﬁtfﬁke

Cross section, anper const i es a d

(£ Eohrediad Lerimarre W diber enenengar esdof aeg@pqin@tlff member
in Stylsd eﬁ.’BzﬁtﬂCU@farb%tdﬁﬁ@&ﬂth©fpbpfmgt3}é§£ﬁm andrafet hefke, or a

f bj [ ink
D475 SR TLITT TR CSHSErS g0 KBoSPatcaR apart Bhp fflat
stpliate @t aifentlsike anthi®Hf exiriengsabetwsbapeher vgs plate
eléﬁéﬁﬂs‘?rb 33"5% a1y ec'}fj b%ardtlsggfs%dsgvﬁ‘:‘%ilﬁ Q?l&hﬁ.}étge ?ments

connected thereto so as ork
2 3ok} rirctaarelwdcherke PsheegRdPosRdtAe stk @%ﬁerﬂernts 2,3

an@mrré@dd’iﬁ\f@rﬂ@c@fs af end pantpattacf| aheStratt Jelit 7
th or_-a t.e eI?pent fixe att ched to

bt TRl SRR o8P L RBVFTKE T Eh oostic
ma@&whﬁUs4b@vméewxﬁhélmw@lg1épedeﬂehentbe21@nsn Bsced e the

twdli Rosed Wty $aisd plateebBBBB e faces of the end part
of the strut 7 (or the plate element). The deformation of the
thin layer of visco elastic material 4 at maximum amplitudes in
both directions of oscillation is indicated at reference number
5 (greatly exaggerated). The two plates 2,3 are connected by
and to a strut 6.

The damper is provided with a surrounding thermal insulation 8,
which is encapsulated by a water proof layer 9. An electric
heating element comprising electrical heating cables 10 which
are embedded in the insulation 8 at the damper 2,3,4 itself.
Alternatively, a corresponding electric cooling element may be
used. Such a damper can be maintained at a specific temperature
or within a specific temperature range through the use of the
temperature controlled heating element. It is within the
knowledge of a person skilled in the art to modify the
temperature controlling arrangement, i.e. the heating/cooling
elements, the control system and the placement of possible

sensors, to maintain a desired temperature range for the damper



10

15

20

25

30

35

2,3. There is sandw ched between both the plate

el ements 2,3 and the respective faces of the end part
wo@tooshetoBs at strut 7 (or the plate el enment) a P¢I/MB2005/001351

shear | ayer of visco elastic material 4 which are

fixedly bonded to the inner faces of the two plate

el emrents 3,4 and the opposite9 faces of the end part of

the strut 7 (or the plate elenent) . The deforrration

he thin.layer of, visco eI%Qtlc material 4

in 3 S0l AP R SR Vil BBER i FREL FERTPOE cetfetarings of
sel%s ¢onlinelkihathaedfiagdcoelingbel ehefigeeat| yables may be

us&%agﬂfftﬁ{@% a t%g)etr\é@,u@eatsgﬁsgr mggef&g nﬁfgrhﬁlge bYe aé:]fjranged

t.0, a strut . danper is provi

vitdiin Rindithd i érradiphsuPEerdRigy, ofinfa visco elastic
matescipsul ated by a water proof layer 9 . An electric

heati ng el enent conprising electrical heating cables

10 which are enbedded in the insulation 8 at the
Figiirgsers 218l 4 ishosl Bn Ahbedimehvebycondtog res pomeli rgrention

coﬁﬁﬁiﬁfﬂéin¥HH'E%m%&%@%%tvﬁgﬁobglgéggc SHRPe As mper
an be maintained at a specific tenperature or wt

BRI YPETuPePrRAgE Lt ARGUER #herclieewt Hh@e 12,
connipeirat ufe ac vaflvel hedwheat anglehgﬁem A dlsownh tHH rthe

£ NS LN RAGRPL,A BE BONRSKT 1L AR Dol 18 A4 1P i Ty

eratur contr arrang eneh
lnml%/%&h%@l@u@%ﬁvgtemheTb@mimpesgsa:ean ehdchehgype

w1tFH anaiRiMatelrPessithbe 58N8AKGN 1R FBGRLAI N, arklesidigfhr or

sl Atode TR0 CBRRIPPeCo Gt ML AP s Tbf el fono! hdinal
dimgmritiral Idihghieeatibrglicoattagheliehetvsewrticalbgse may el the
attitfthedBInkt 13 /4SBT ALULE § 8§n§9£u@9v1504 §xappl e be

arranged F ox1 m't y of the
re%ﬂ@é‘r,tow&lé{st ffélenrﬁi:éidFal 18 Fi@u@@gr%sm@ﬂ&csrrdw grkruts 6 and

7 emmdiurent .ageer depgtt 08t he §BVEAL{ Ok tached to the valve
flange 14. The strut 19 is stiffly attached to a collar 20,
which is a part of an adapter 21 placed on and around the pipe
11. The two cross-wise mounted dampers or damper links 16, 17
for damping oscillations in the cross direction of the pipe are
attached to the valve flange 14 and the adapter 21 by means of
the struts 24, 25 and 26, 27 respectively in a similar manner
to the attachment of the damper link 15. The struts 24-27
correspond to the struts 6 and 7 in figure 2.

Figure 5 shows an embodiment according to the invention
comprising three visco elastic dampers or damper links in a
piping system. Two cross-wise mounted dampers or damper links
(one 34 of which can be seen in the figure) are mounted on a
pipe 30 between a blind flange 31 on attachment 28 and a yoke
32 respectively, as in the embodiment according to figure 4.
The other damper or damper link 33 (schematically shown in a
cross section and without temperature control) is attached
between the blind flange 31 and the attachment 29.
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conpri sing which conprises visco elastic danpers or
danper |inks arranged between a pipe 11 and an
w@rdoaaeent (pi pe) 12, conprising of a val ve 1BCTB20%001351
flange 14 . As shown in the figures three danpers or
danper |inks 15,16 and 17 arﬁ installed in the piping
system The danpers are of t % type with tenperature
control as shown in figure 2 . The danper or danper
link 15 for danping oscillations in the Iongitudina
direction of the pipe is attached between the pipe 11
Fiqumcke t esladtsachnmmt Heralewdotizmddtbycoeatsnof tSt thié SidBention

coffhdbog sshecklusli Al : iy 13, gher SeopIAg:

belgyeen | Fhatkemherf o 18e d@&tr@é Pieagbend. 3TheTher uwo Idampers
35) %6 Sd#d faﬁtﬁg@; hed (g: @a21€0l,| 8ut2Rucwhieh Lstace@rgo of

an adapter., 21 pl ac araqund t he pi 11. The
degiertr oss. i SethmR %gngéﬁs%swpaaﬁpsﬁa?f RE GgToqEature
coffitgro deadpi argd dswidd dted previldetihhwithosbedinatcinonlafidhess,

seé)'z{)fs@rﬁﬁﬁltéacﬂq%rt %lettlgﬁl%al s Eh@ngggég Qm}j é%& %,7 the

adapt er means of the_struts 24
da%%%&weﬁ yﬂien sgl@%tﬂgﬁ AEnABP"Rolfha ﬁi—”?%%hﬁ%?ﬁl@? as
indheattedrpercd inka kb A-Fhanst Bubsid4f2dueer sespond to the
struts 6 and 7 in figure 2 . Figure 5 shows an
enbodi ment according to the invention conprising three
A siwcr|emiddingmipdos or 9Qadpereki nksei henad pd pi hy shown in

£1QVSd &N FND-LCIIRS QMR FREAY 89 gﬁmﬁréaaﬁegén@ﬁrdém&&s links
one 34 of which can be seen in the f I gure)

A HRRYL D P 4 fEBE hérdedh dSbRiAg Pﬁﬁﬁgén@llc%‘?ﬁd that
theat tachmedul2 andnd tekeedatuespechtvel Yyedas2in the

enbodi nent according to figure 4 . The other danper or

danper link 33 (schematically shown in a cross section
Figeesi thand tldmsdoa ar eisentype) desiant aEheddamper wherein

stiff plate elements 43 are attached to a pipe 44 which is to
be damped. A ring element 45 with a U-shaped cross section is
placed around the pipe 44. As shown in the figures, the ring
element 45 is clamped around the plates 43 protruding from the
pipe 44, and visco elastic damping material 46 is arranged
between the plates 43 and the ring element 45, see detail in
figure 11. This damper embodiment is designed to damp pipe wall
oscillation modes. Temperature control may be utilized, but is

not shown in the figure.

Figure 12 shows a possible embodiment of according to the
invention in a subsea assembly. A yoke 47 is lowered down and
placed on a pipe 48. The yoke 47 is secured in place with a
collar 49 or the like, before the visco elastic dampers or
damper links 50 and 51 are mounted with ROV (Remotely Operated
Vehicle) bolts 52-55. Two buoyancy tanks 56 and 57 are shown in
the figure, but may be excluded.
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between the blind flange 31 and the attachnent
29. Figure 6 shows a further enbodi nent according to
W0 b@sitmpent i on conpri sing two danpers or danpePCT/IBpES/001351
35 and 36 nounted between the |legs of a 180 degree
pi pe bend 37. The two danperi 35,36 are arranged in
parallel, but nutually rotat b 90 degrees . It is
i ntended that the danpers shall be tenperature
controlled and hence be praovided with therma
The meefhed of 38t ng 405 ivgEce 21p6E1detaIPers| ATt frmper
11ﬁkgu1§sln?pcau‘tchr8: Irhexdtrngiens t35s3heab€é shheabbireadéycribed

flgure% %{1 rﬁ it esc%%e %ns%% I gglgﬁw%%dlw E? %bnSﬁo@b i fferent
ad@le@m@ablf@@%rﬁ 3gaptestsowtiriich fergube 9sedwherechirve the

atﬁgén@rfmﬁwaéﬁ Ye 51 Q¥ Fa@eﬁs d%p@@rr@%kbl etssaap@pe in a
denoted by 40 and 41 and it
DiTRS SHRLRLy ot i e ARE oReer e RO i BRarST B g

elasEing&mpéibenuidepdumMmmhg aqetﬁpstdaedgnootha adapters in

sugl"i‘”é’ewa}‘/"“@rﬁ ﬂlfafce‘?rLe da%%g‘énkﬁ %ﬁeaﬁﬁngI:aSPeﬁarﬂﬁer

I's to rnn
1lWFt?hn<%1 r@fsw&pefch%ra&st@%ﬁntom §hg| aééa grehnghefethe energy
taRéReodd. £ ASn 1§!L1'I<_:J'1%yfs4t@lvhr @%, thReughngnhel aggafmél@mn in

i s.clanped around the es pr truding. fro
his CAEMGRE S BT T PGt Pela tholhs Seope of
tharpzw@ﬁmtkﬁnwmﬂnﬂdﬂnxhauﬂnae ¢3 andetMescpnglebemendampers
cogﬁd 288 q@é %ﬁtacrhéa %gt%,elell al B daﬁaegngaaegtg?ntfa>§

esi gned danp pi wal_ | oscil I'at.i on
exﬁ%ﬂﬁ%r%ﬁtﬁﬁﬁ(ﬁﬁﬁW(ﬂ ﬁhfxﬁéa&bllﬂféé ERuthpsPABE / shbRwnthe
V1S?ot@Ea§t£hH&amﬂéﬁﬂMﬁ3dbﬁeihﬁmsdamp@ﬁsbhtGVEBb@ﬁLﬁE@tdlrectly
of acc the | nventiion in a subsea assembly. A
as?%%%aﬁﬁéu%% omere omneghd pl aced on a pipe 48. The
yoke 47 is secured in place with a collar 49 or the

rilhke, 1DeL8Rs te M SRQLhATH & ¢ABRGI $i0F 58 which is
fastened to a foundation, that is the pipe 59, with glue 60.
The clamp ring 58 is pre-tensioned around the pipe 59 by means
of bolts 61. One strut 62, for example corresponding to the
strut 25 or 27 in figures 3 and 4, is fastened to the clamp
ring 58 with a specially fabricated component with conical pins
63. Figure 14 shows an alternative of a clamp ring 58~ where

the glue 60" is applied into the gap in the clamp ring.

Figure 15 shows solutions with adapters around a flange, where
conical pins 63 are placed in tapered holes. In addition, glue
64 is used. Figures 16 and 17 are cross sections along the

lines XVI and XVII respectively in figure 15.

Figure 18 shows three types of screwed adapters 65,66,67
mounted on a bolted flange 68. The damper or damper link
(struts) 69-71 is fastened to the adapters with conical pins
72.
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danper links 50 and 51 are nounted with ROV (Renotely

Qperated Vehicle) bolts 52-55. Two buoyancy tanks 56
W@r@s574035 e shown in the figure, but may be  PCT/IB2005/001351

excl uded. The nmet hod of attaching the visco elastic

danpers or danper links is igportant. In addition to

sone of the above descri bed gures show ng an

adapter, the figures 13 to 23 show different

.addi tiopal types of ters ich can be used to
P g0RrR, B0 e L rn e et QHAp Sis VBT AABL O P
73t ©4a7pi pe, Th opihiendaystmm78,t79 Jondposhant thafittees 20
kngi yi d Vi i d er el | e .
e heAt3 The adaotare L Rets Shel SEBRE! bBAZeAE ®pins o,
814p8PI &¢ehntn&rg i thhe ddeveesor 9darpernPi AR - and
not in the attachnment to the pipe such that the energy
aken t fr t.he pi-pi stem i s through the
LIRF STt | &R 4h i Tapar GF HANSEF CPPRKSSHGHRVRESS | of
pogsgihi ¢ hiprefrraviope diptars pmesgrtinitsvent i on t hat one

or nore visco elastic danpers could al so be attached
bet ween ﬁgfipe and an adapter, for exanple in the form

Thef iveRtidn 1% iHeFAFIh &Y p& 2 a"BHe r§PEEHCEPASEP cthe
prdfapesd i émasdiererites dargred beudt abbbéatbﬁnShdLéeﬁtkary, many
| at e | t pi [l Figure., ows_an
eoRR20PL AL E0h 4 o e M L ELR B3 B0 et o
rergonddt iorordinary skidd pipéhsoarii whthbue 66paThéng from

th€| BaIPié | e T HY exrkheRYiRed @hod8datRenREPen 5OndYappended
nmeans of bolts 61. One strut 62, for exanple

clgbffesponding to the strut 25 or 27 in figures 3 and 4
, is fastened to the clanp ring 58 with a specially

Foiaéié&§§é¥’é%%ﬂ%yﬁﬂgfémvﬁgc%o%h%@kieiBé 8§E figﬁéec&41d be
shows an al ternative of a clanp ring g ere the g$ue .

arBYIES HpRIE i o1t HE gaFies PHeatVafpmbingtien gupereot if
so 1@eshewd SdHdions oM ttheadpriers capgund1ac {bA89€s be damped

ou@mgég the piping system application in question. Thus, two or
more visco elastic dampers can extend in parallel and/or series
between the object (pipe detail) to be damped and a support

location on the piping system.

Several shear layers or sheets of visco elastic material which
are fixedly bonded to the inner faces of the two plate elements
(first stiff member) and the opposite faces of the end part of
the strut (second stiff member) may for example also be used,
instead of only one layer of visco elastic material. Further, a
mixture of different visco elastic materials may be used
depending on the specific oscillations to be damped out in the
piping system, instead of only one kind of visco elastic

material.

The above-described embodiment examples show different types of
attachments of the damper or damper link to the pipe object or
detail to be damped and the pipe structure. However, other



conical pins 63 are placed in tapered holes. In
addition, glue 64 is used. Figures 16 and 17 are cross
W@ ewsilonss al ong the |ines XVl and XVI| respectP(\*/Hllgzooamomﬂ
figure 15. Figure 18 shows three types of screwed
adapters 65,66,6 7 nmounted on,a bolted flange 68. The
danper or danper |ink (strut 69-71 is fastened to
t he adapters mﬁth coni cal pins 72 .Figures 19 to 23
shom1 i ff r ms  of JOIntS 73 ,74,75, 76
i TASErEnIg FOSroRts SRBWRBPIT fGueten0
embﬂdﬂ@ﬂnt exﬁmgiaswnﬁheaét&mnangeﬁéytwelhebasesed for example
jcal di,ca in_t i gures
w R R gl B TRt EkE My el
under st ood as exanpl es of possible, preferable
Fo:ﬁdﬁpstn@’l?e Aanthg - mpeahethcmteat:éoaomgrﬂé11@@%1@@ W UL EE

t t th
W SIS WY B8 SRLIEaPESERLRED Si ot R Prtediate end
eh@%@iﬁﬁa@mﬁ%ﬂ@@tNh@ﬂeﬁheV\pﬂEtbeeéptpam’eﬂtam@ theersbrpart of
thaVddv@ diname sKidel '1BSE€§daBE %m.@ﬂg Qﬁ@atm%@%é& om

the basi ¢ i dea .of the invention such defin n the
FERPHLFERI £GP Eyanﬁﬂéteﬁmbno?nwven giece.
el astic danper links could be arranged in parallel or
in series or any conbination thereof if so desired
dependi ng on the specific oscillations to be danped
out and the piping systemapplication in question.
Thus, two or nore visco elastic danpers can extend in
paral l el and/or series between the object (pipe
detail) to be danped and a support | ocation on the
pi pi ng system Several shear |ayers or sheets of visco
elastic material which are fixedly bonded to the inner
faces of the two plate el enents
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(first stiff menber) and the opposite faces of the end

part of the strut (second stiff nmenber) may for
wezxasple3al so be used, instead of only one | ayRP€T/tH2005/001351

visco elastic material. Further, a mxture of

di fferent visco elastic nateﬁ als may be used

depending on the specific oscillations to be danped

out in the piping system instead of only one kind of

PA%@%ngﬁ% §|c material . The above-descri bed

exanpl es show different types of
attachnments of the danper or danper link to the pipe

1. Q@Jﬁiﬁlﬁg é&gﬁgﬂ ﬂd% W%é%%ﬁgqgsﬂqg hgﬁ gh?ﬁaﬁﬁiﬁﬁt%%gtem

However,™ ot'hertypes of such attachnen
OSShbiREe % W%él%ofdﬁ%@caxaﬁwﬁé% papLlarvde naseiklgtions,
chawd dtdxei s din lftﬂfatﬁkamﬂs?swélndbﬁﬂprﬁfﬁélsdﬁﬂ@LfﬁLtHbf@
r_ hol t.in etc. For e S
au scltn%/(ﬁﬁ:ijt) u%eﬁcson%r?lsﬁs%dﬁ ﬁ%mip rngnRSI' 9;1?53 8 ehent SRRy Which
Comﬁﬁ%ﬁﬁﬁnqnﬁtQﬁquﬂa'hﬂyﬁnﬁnOinVesnedeéaetendd@mpn@mtmaterlal
<4>arf_@m d, hedeen Hé't%ze%lnataef?clrggeQE§f§nQeﬁﬂ9§re@% PRrdng a

e s the like, instead of formng t
Se%?%%dﬁéﬂﬁiﬁﬁﬁg%ﬁe (7donprising the two plates in one
singl e pi ece. PATENT CLAI M5 1 . A piping systemfor

VZL ggﬁﬂpflﬁegassé}scte% a\lfr{g: Xgﬁﬁnﬁ.osgft’xgi'géteerlzéé] in that

ncy, sma e oscill
th%h‘élrsa%,q erliagdd g miatnmtr pﬁfedgv@ﬁ@m ¢bRpE6 588) ohe/ ore MO fly

§ o BAH D NS WkSerY inf 181185 botindatpar §1 64 5sd8e 1dns 011 My, 37, 39)

t i.ch .conprises gQne ers of visco
or :ggiwﬁ Hp3ﬁ§P rF&Itgﬁ)pFP%@ﬂl YBofled between a
first stlff menber (2,3) and a second stiff nmenber (7)
3 A ﬁap ﬂ% j@ﬂ@% %¥§kﬁ%ﬁﬁ%095d5591$020|éﬁg%;cterlzed in that a

characterlzed In e Visco elastic

VigfimserS tArs OPEEY) (i18) apé Shef srid| bm%dl%eme@med for
danpiiriealdsy cxinaekednpi pa sREt 16A§1€ddisdl 3TidDtion of a

first pipe (11), and that two visco elastic dampers (16,17) of
the said type are arranged for damping of oscillations across

said longitudinal direction of said pipe.

4. A piping system according to claims 3, characterized in that
the visco elastic dampers are stiffly attached between a main
pipe (11) and an attachment (12,13).

5. A piping system according to claims 3 or 4, characterized in
that each one of the visco elastic dampers (15,16,17) is
connected to the respective pipes (11,12,30,37,39,59) via
respective struts (18,19,24,25,26,27), where the gtruts are
connected to the pipes by means of adapters (20,21,58,65,66,67)
fitted to the pipes.

6. A piping system according to claim 2, characterized in that
one or more visco elastic dampers (35,36;40,41) is fastened

between the pipe legs of a pipe bend (37;39).
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or pipe details (13,29) in the piping system 3 A
pi pi ng system according to claim2 , characterized in
W0 b@bs/184095 sco el astic danper (15) of the sai d PgPBBA065/001351
arranged for danping of oscillations in the
| ongi tudi nal direction of a f rst pipe (11), and that
two visco el astic danpers (1é 17) of the said type are
arranged for danping of oscillations across said
l ongitudi nal direction of said_pipe. 4 . A pipin )
7 B P COPUr T 10 G 9 CUGHEY Get SPREBHTPRIPAG in that
twbhelsiscol adtabt | dandeaneer @ 5336 ﬂmlmﬂlyaaEtamhadgbetMﬁeﬁally

rofa FBE Mo @1 REyddd fH“EHH*fﬁﬁgﬁﬁyaaﬁag(é%r%ékloﬁ

piping system according toclains
characterized in that each one of the visco elastic

s.d@npegs;smﬁ lél'v_)zéiﬁerﬂa)c%cgrdélg@e@ edatia nhechae?eeékyeed in that
i pes via re c e stru
el BE5ed S S8 S0 Shydhg e it ERRE bekFthiRnBipga (44 ana
a EMEP@¢¢Enﬂiﬁﬂ¢m§nB tﬁSadapﬁem&dézg,2L§58;§5,66,67)
fitted to the pipes. 6 . A piping systemaccording to
claim2 , characterized in that gne or nore visco
2. e?a@%?%n%dﬁ%%F%m(%EF°¥Q§HQM§° Efﬁlms8ﬁa§PéﬁéStS§%ﬁE@nln that
thé heupbquet 18 Se DEmen tpi 65 )baAms3 6ne38F tihe. sAifl PLDYF members

o VR R 0y Dl LSRR T5 olpela e

mut ual |'y rotated 90 degrees in the | ongitudina

10di K66t Oy Hrstdin RAUIWH IS M6 ar i NghhPactabMdd. in that
characterized in that, the visco eiastic da anpers are

a %P g Het WetATRE i it AR ReMd PETYEEBORt PRES ePRiEE
ad§@dSer sin ridundidgn tdfe piquellad fikepi ppnghsypipe via the visco

elg@gfgcggﬁ?ép claim8 , characterized in that the

supporti el enent (45) forns one of the said stiff
nmenbers in the respectively arranged visco elastic

11daApsisidg®ystem according to any of the preceding claims,
characterized in that the respective visco elastic damper is

provided with temperature controlling element (10).

12. A piping system according to claim 11, characterized in
that the visco elastic damping material (4) and the temperature
controlling element (10) are surrounded by an insulation layer

(8) which is encapsulated by a protective means (9).

13. A piping system according to claim 11 or 12, characterized
in that the temperature controlling element (10) is an electric

heating element.

14. A piping system according to claim 11 or 12, characterized
in that the temperature controlling element (10) is an electric

cooling element.



10. A piping systemaccording to claim1l ,

characterized in that a visco elastic danper is
w@raoaahmas bet ween a pi pe and an adapter in theP¢DIBRO@T001351

a collar fixed to the pipe via the visco elastic

danper. 11. A piping systen1ﬁ§cord|ng to any of the

preceding claims, characterized in that the respective

visco elastic danper is provided with tenperature

5 SR il Y EE ChRG 561 GPFSBA TA-Lhat CPRERSESELFed in

th®¢a%tﬁemnﬁﬁﬂﬁuﬂfrﬁﬁnaqraHS(¢yrangedh91thmpeoatumethe

imfOM 4 g eliees (1) v%%osgﬁageeéeﬂabxrggl (4)
insul ation layer (8) which is encapsul ated
protective neans (9) . 13. A piping systen1accord|ng
to claim1l or 12, characterized in that the
tenperature controlling element (10) is an electric
heating el enent . 14. A piping systemaccording to
claim1l or 12, characterized in that the tenperature
controlling elenment (10) is an electric cooling
el enent .15. A piping systemaccording to clains
11-13, characterized in that a tenperature sensor is
arranged within or in the inmediate proximty of the
visco elastic material (4)



