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Visco elastic danping in a piping system FlIELD OF
THE | NVENTI ON AND PRI OR ART 5 The present invention

relates to a piping systemfor visco elastic

danpi ng, which systemoscillates with high frequency,
smal | anplitude oscillations. In particular, the

i nvention has been devel oped in connection 10 with
the grouting problemof acoustic oscillations in

pi ping structures or systems used for transport of
fluids. Thepephlemdanmye rinse ripirgerisbts di mensi ons

i f the pipes and associated pipe and structural

details ha n s which coincide wth
FIFH%<@%§$?a¥§gﬁﬂ%¢§q%gééﬁﬁi§ é%gh a way that resonance

15 arises. Additional anplification may arise if the
rhBappral, . §requency reiai&e B ae§1§an@ §§§@@m atcedvpkpe

and structural det ai , suc

1A F R GRS, MU Che AL e Loers BB oy CHEgrenY
smel T. amlldicnde desciilehiacousti c natural  frequenci es
such that fluid-structure interaction occurs. Such 20
types of resonance have in some cases caysed ru tU{
g iron

Inj parhiculart ebhed Pieprng” SYPst BREN ViTR LPBEKabe Thd®
w1%%b§§QQﬁﬁhuhgsﬁrdﬂiemempli&ﬁuamscaSSanhiaM$emwenteuplng

ts to sol ve t p I t
ceShb BN oL oG RO oI b, A gy ) 0By
magt rﬁsfemm@eghb\_\}s cﬁawgésm% HE BAE urre st ﬁééu%céé%?‘ pipe

an@h%tﬁaéééﬁ@laegtm HAOk zﬁ@mﬁg febdqherc ibhewiexai trat honde
respo erqgy. the excit

wity raf aﬁ}i%ﬁg%‘? o’%(fc%%flﬁyt /ica va"faﬁ/t e Fo?n %tg\%lgg]
ar5@¢s . Hzdaind ol tanglle$ lt:h@x@ofrna‘sfaﬁﬁlsqwéfbébé natural
fﬁ@&y g@§'6§1ﬁ%%eﬂﬁ&ﬂ§¥w@pa¥§6dﬁ§ieﬁﬂéfbéﬂdﬁasﬁtﬁuéﬂuial

s extremnel ult_to
dqgﬁéﬁéves%q¥ba§lFE@Q??%waE RHE ! g@ ot TG Haiéégigndy
méaymaaﬁ@rdéyu@b@netcJ:omcanSLﬁMmemded w¢¢nsﬁ;pnga%%n§@ent

req flefic AL & Jd%ﬂrtgégffi B8Rl structure interaction occurs. Such

types of resonance have in some cases caused ruptures in the
affected piping systems with leakage and subsequent risk of

explosions as a congequence.

Attempts to solve the problem by adding additional stiffening
components have 1itt1é 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-
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35 physical forces acting directly on the el enent:
gas pressure, inertial forces (mass accel eration),
spring forces (stiffness displacenent) and danpi ng
forces, it is these forces which govern the response
energy. Danping forces havg the characteristic that
they take energy 5 out of“the system Visco elastic
danmpi ng gives forces proportional to velocity.
cSecondar danpi ng may occur through friction in the
di éﬁ%féﬁ@@ﬁ%hﬁggﬁasal¥té%%égﬁﬁﬁdﬁﬁﬁﬁﬁ which
govﬂmﬁaﬂ@ Qéﬂpﬁ&@ efefdee oscillation will continue to
infinity and the response at resonance will increase
to infinity. 14 Installing stiffening conponents nade
Pagping gorexanplve, “5¢ e@I2Taf-PFistorl yheffidety tthie energy

Qu§t<bﬁ fines sy andh | ReEtd alaMet al afipingg glﬁé/§tw1~%ebave

refore |ittle n tur ichis
T PG TSRE gt HETOF AL b e 8 Aaenr A RA 0, B e SapthPough
frﬂ¢¢ﬂﬁnjionahedamp@rsmxsauwaasawagsa@dn@ersnanmb@@mgang»
WlﬁMQRawhhﬁlnga@p%Eée $§é¥iqgtgéﬂnﬁﬁ§.€8gtlnue to infinity
%263 - danpers, do not unchon well at the t ge of
ang rﬁsaa%%% .aanreﬁ%Cf Hitgh ¥1¥GE8RCY° 19784
Infreduencyt speoating antbsraks anpd idfudésr 2GnmAlpossididle
t t S: scC ast:i.¢
A A e e D e e e
SY%E&W%uhige F¥WE§QQ§?n¥%ﬁt¥?aﬁﬁFH€F%(9%@@&?%9 %%ﬁ§@eﬁ§ partly
thwhi@scar ehbocatietahfe AlbcoRBYi £ oh@NEnW th tenperature

vari ations beyond the working range of the visco
el astic material and in which the vibrations 25 have

Try@ftyicwal Pampsifsl i sudesis ThES| atarshagngiers, hydraulic

daﬁ§&§£Q%ﬁa§ﬁatiﬁﬂperétmkﬁ Q%EEVC&ﬁﬂpéf@ agdi@ye rhetion

e BT s 1 DoHET 1Y P B PeI TR b CHURTS Gl AU
breed f13Quenty esvitihatidrroy lwemel ftordees, is al ready

public know edge, see for exanple US patent no,

5,193,644. The nethod, of danpin
A possible method of damping oscggiaékons is visco elastic

damping, but there i1s hitherto no known method for applying
this 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 wmaterial.

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
disclogsed in this US patent includes suspension of mass
elements on the pipeline by means of elastic elements which are
subjected to shear forces.
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di sclosed in this US patent includes suspension of
mass el enments on the pipeline by neans of el astic
el enents which are subjected to shear forces. 35
Arrangenents where visco el astic danpi ng has been
used to danp out vibrationg in beans, for example in
bui I dings, are also known.- In such arrangenents
danpi ng naterial has been pl aced between two stiff
conmponen r structur see_for exanple US
Pf 05616500 WS "hSThese LS dEBHaT ak |k?af'louﬁ%‘?rpﬁo damp
owsciibirat i ons ircaused, Hprextenrpial ief bectdnasd the also

Hanper i r u t

end ana§u§%5§§%§|g?%&%€§%$§%§iﬂﬁﬁgr§%i#%é F%@%&%Ié%a

befgrerme CEP eSeitt CAVRMRATGA PE PrIURRPT Ry diafedont exanple US

4 dertpiong. ®50i linathens daret| thd aandyuctd RGP PESi Olations

ciﬂégé % rg£{éﬂf%ﬁ Efeggy %théﬁéﬁdém and/é” f%gStrgqgetweeﬁ a
coustic oscillations my" occur Fn"the Hig

flf’f@q@éﬁwwl%ﬁ@@@ tltl?;/mﬂ@apﬁyaﬁ rwggrt@elmamw Hz and
wth small anplitudes, typically less than 0.1 nm

u ting the present. invention to
E@§§.5F é%%gﬁ&% iﬁg} anplitude ranges. One nain

obj ect of the present invention is to provide a
T pirREen?0iSystebhf o iigge: 8} astikg Q@H%pgznw chin

ractical, ffective way substanti
o EEr 48 i f i e P et et e NP ARS. PEBWE T HeRRoda
wiprgs $arefvardrat/bonge stirmct hee mcmumglsycsicamlatum@m@@r

oé&zaqgnehgtﬁae%m EDLAGANELRASE OB 821 &) %rofi>s NS 1000
mai n. obj ect O e’ | nv nt|o d by nean
7 f@d W%Ehnﬁn%ﬁ@mh@ﬁ%mFwnicgﬁlagf feg than 0.1 |

wichtanacterized, ilant batg the psystrem 6oapTicHesoonge &
f d%nwgtgﬁgqgﬁ%lghggqm%lggtlc danper |links of the

i ses on of nore layers of visco

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 visco 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.



10

15

20

25

30

35

el astic danping material fixedly bonded between a
first stiff 30 member and a second stiff member.
According to a preferred enbodi ment of the invention
the visco elastic danper or danper links is/are
stiffly joined between ¥ally connect ed pi pe
sections (pipes) or pipe details in the 35 piping
system 4 According to another preferred enbodi ment
visco elastic danmper of the said

e P R T S LR g AL
V%Wﬁﬁ@@tmlﬂaﬁpﬁéc@ﬁ aireofadd fiypst 1pi perangrl) fo@mGuping
Qﬁhﬁklﬁm@kﬂhﬁﬁQne{§§ﬁk%€g§ﬁﬁﬁﬁﬁ.gﬂrégﬁuﬁﬁbq gyP%ﬁ r%;ge

rranged_ for da osci |l at1 ons across sa
%alang. FHOdri S Feet 6 G6h2Bf S &PEPBFpet AdCoFdihgvps are
argmoghdr for efepied enbedibenticot hbeoddventi 08ndiWddinal

| ast d rs are arranged nutually rotated
@%%%ggaﬁégishﬁg ?ﬂgfhe | ongi tudinal direction and

fastened between the pipe |egs of a pipe bend,
Addoroidy ng> tamoahet hefefprete rd@@d@ﬂ&@@ldﬁer&hwin&eﬁﬁ ion two

e ectiy a
T heg i CRTREEREE A Bl e BT T RGEE derecs
war"’r&i”et heitgitve ipns c@r@cas@m camhﬁpﬁh@nﬂrhtb@rtwabn ariek phpe
ldgenperatpiie eendrol ling el ement are surrounded by an

insulation layer which is encapsul ated by a
protective nmeans, such as a protective jacket. By
AGFSTAGNY éi?p@mfih@é wederotd ethbodisen: elfashkciganpens the

réé@@cﬂﬁ%%*ﬁi%%b 91£g8¥%uﬁ§&§é% GlepPEy AtdH &) a0, Efm erature
or each i'vidual “visco el astic ﬁp

oo TR 31 e % 50 LOChr i TASF OriiAReACaR-TRiE BRLerial
anchghpr egersrai nventdnomol st edanpnt 0sei lshiatb@nsdObyaan

irRuREt 06y PR At Al (8) o fid, u@'a@é@gﬁ)fya %%Eﬂ: bé/tlve Rgans
ans of one or nore auto onous,
SUrhggg a protective jacket. By u31ng 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 autcnomous, 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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el astic danpers or danper |inks by connecting two
different parts of the piping systemw th each other
and/ or between the piping systemor structure and
anot her free standing object, such as a supporting
structure, via one or nore gf sai d danpers 30 or
danper |inks, which danpers”or danper |inks are
stiffly attached to the pipe or pipe detail(s) to be
] ed and the glng structure. Thus, the danp
T%% Heepi pe @ﬁmpﬁFp inky s P(%am%@sﬁ%@f%mef}g‘ﬁmr%
cbhﬁaﬁxﬂoatwyﬁh(bt&pkatyy@&nts dhetaeenet he tiwaodefferientserb

th u
SRR Shot0F Bl-e0 o ehaa 1 aRe A LT LRl
spat} gtﬁéaf:aw L oT TR e danpervagiiaganpetn |9tk Rakoals or

té‘ﬂnﬁéﬁ&@r@t 1ok | @nuypmm n@@nll@l’:ﬂtﬁ.ﬁg %@ﬂs@ @tfhappw@a;s.,on
i anper ﬁ% Visco ¢ el asti o i qge

Fh"é‘? et &FEgFu T é18 Fo" dd w&aﬂﬁe aplpllni cEFu R’ Wi FHPPO%| |
lpebatdvendefiommni phpe v rugt ver izatd enpipe staerct todds
aQkp aytemperature | oads. A typical non-limting scope

of appllcatlon is to arrange the danper or danper

link between a support |ocation on the main pipe
Tebrued wfedandrerepidpepolj edentot henakdanpedyo\Wibhe use

iRE Al Seretey 5¥HQ§1naFﬁ§ﬁﬂfkaoﬁﬁﬁﬁﬁtﬁEnQQ§§ﬁgkgngosystems

I ncrease, structura ng oscillations in
£BF pi HE 16%'s £ BFEI2 61 1P??q1tﬁya§©ah%dﬂgfd§ié1§1| BElS yrt gections
of ndhyi yakmparies dakcsect idangerofmdyh®esysgemedThe
a S
SrPEIALG HEPRELD PRYvos cRRtei AR ERIR AN can e
ssrpeetlal| yowmiect bd tidest RetHEivgRbeuF i Hgces . The
a%@ﬁ@@%&&tsTBﬁiﬂ&?&h%@opﬁkﬁﬁl@fdiﬁﬁ%fél&@Dlahﬁﬁkﬁerm a

<FREPE 61 GRF B it SR CTRPay PRt BE REAE Ghrihg bt
heetir deriofy ehehcqun§@apfcﬁaqh'vgbnaﬁiQﬂ|o@n0@§qﬂh@tlon 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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and thereby danping the vibrations, The present
i nvention 20 solves the above-nenti oned types of
oscillation problens in piping systenms through the
targeted introduction of a. practical form of
structural danping, instead of nodifying the
stiffness and/or inertia 6f the systemas in the
prior art. 25 The loss factor of a danping material
is a measure for how nmuch of the oscillation energy
Sarkatiany ars ek asiale heathiad the cgampieny it erlsalticA

diﬂp@ﬁg'&é%éﬂﬂ%@%orhiﬂ%aﬁﬁet£E§r§bﬁérl§ﬂiﬂﬂt@§§nﬁﬁé 1d@RPeEctor
éaQ§fer a s%ggtang i al art e E OSCI V’%raglen
ﬁé?@? Ty KEab For-"Each *6%}8% et F%‘FP Fes 3
freigseonce] astd ¢idampilngTha @ﬁmmepangrsykﬂ@nﬁemmysﬁiQhanloss
fdéf%?v§§s$gyé% REO . +he f%@eﬁg eh&éﬁ%ytgntfﬁ%quency When

surroun|n5|s uetot e eresis In
tvéﬁ§Po‘ﬁl%5tfrl§| Aebeirive A i ﬁanﬁ?w%tbér?%@llﬁﬁém'
itgmast teéfetidevachystieresbskées ahtanmed by wietid nggaven

te'a%g%at&fe danpi, ACE g?ntt%r 56\&%&%&&&@? )ff%aacgﬁ This

or mati ons, such as for
te@}p@ﬁfﬁt@r@urs?@aeen»%\sqaléedd’é%mgkﬁﬁﬁeﬁ%es (Chaki@rséion
ranacherdmsd ke skhadlalhec! @agpihacheteriag  dependeant on

t he rro erat re an br t|
P isnoy g tPreE £ PP THE Hahser ot ey BepingssEs®
begfowt hei$ ossds ta@t@ﬁcpsem$@m seEenyelr beranes tisragile and
gf&@%eﬂgﬁgcyFéyqt@&ﬁé&éﬂ@%ﬁs Wen tReVbSCihatl ashp&rature

materjal is us or da of o C|Ila |ons it is
TRV éf‘%r%aﬁ?é:&égsla‘??ﬁ“leg Egtbg‘? Perid ewithin a
glven tenperature range to obtaln the optim
hke‘E PELer U Srpd EREE AL AL FaRgeed sofc%ee ddiee

range (or transition 10 reglon e. Vi sco

l%ﬁ%ﬂﬁ%?@ U%&&n%ﬂ?eﬁﬁtQQQmtheV&HQ9?QP§ %igFeﬂHQMQQ? a
sWlousdatuenar deswdiptiogure 1, For tenperatures bel ow
this range the visco elastic material becomes fragile

and
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 visco

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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gl ass-1ike. For tenperatures above the optinmal
tenperature range the material becones soft and
rubber-like. IS Further preferred enbodi nents and
features of the present invention will appear from
t he i ndependent cl ains and the subsequent
description. 20 BRI EF DESCRI PTI ON OF THE DRAW NGS The
invention will now be explained in nore detail with
reference to the appended drawi ngs whi ch show
Fiexampkesclofnatdnbblly méwtis, 2 aricbasheret 1256 Eirganéidular to
rishows o E@Q&'ir%,lo%r%@séé&hw 2nd-Qssi f aciQref or a
visco  elastic material as a function of tenperature,
Figure 2 schematically shows a cross section of a
Fidiseo Seklastd /1580 dgier whtdean pdptédnaltweenperat ur e
a QU Qht s, AGEONLAL NGt @QNEr SIPOALTENL A5 LAE 4 pipe,

I nvention, Figure 3 shows visco elastic danpers
AGATRESH B0 héﬁde‘%F?Pdlé}?ﬁ*‘acW IBEYriding to

anot her enbodi rent of the invention, 35 J Figure 4

FS%H:" fx!)xgsal |y, 80860 34678 %e%h:?tecgerpsnijéwe e

T %R ongf%ué nal cross se ar e
pipe Ft:e@év 2 GCHhENg Ve dewtepastikeddanperat pﬂhacé@ventlon,
between two 5 attachnents, and between one of the

attachne ts and a accordin nat her .
P e R A P iR e T i B8R A i higse .
el astic danper nmounted in a 100 degree pipe bend,

?&QJ di BEo§9 Anebberseiredi My ehet hend 'E\L%nﬁh Euréoé
|

gure 7 shows a cross section along the Iine A-
figure 6,
Figure 9 shows visco elastic dampers mounted in a 90 degree

pipe bend, according to another embodiment of the invention,

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 ghow 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 viéco
elastic materials working temperature given as the temperature

range between glass-like and rubber-like behaviour states.
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Figure 8 shows a cross section. along the line EE in
figure 6; 15 Figure. 9 shows visco elastic danpers
nounted in a 90 degree pipe bend, according to
anot her enbodi nent of the invention, Figure 10 shows
a ring type danper, according to another enbodi nent
of the invention, 20 Figuret 11 shows a cut al ong the
line CGCin figure 10, Figure 12 shows a subsea
assenbly of visco elastic danpers according to
Fianather siemzodi aeimnagfi ct heodsnwent ion,ofand v25c&igusesc

0:23 d nt I TAI
AR WAL ILLGRNt s it daRb s CELALLED. .
ligr Epgoreel SRBIRSThEW L AL Ho@al uB2 o &ifagt PERIRY gragtem
arldyss baetan therpipivigsegsedashiicanmiiesd dlrevastyaroohh

obv%é:% f'ﬁmCt a,mgegfllﬂ]{]% é?ig& %“FE%I‘%&% ‘ﬁg&gé}:at ure

n vi n frequenc nstant
caiaerieasy rr‘ng |S§ﬁ@¢<ﬁﬁpafrﬁea*aﬂeﬁfcy>lméne163nﬂﬂrt§uﬁoﬁrr¢g 3
£ @NREr At i alps bebdh Genstant anwi &h érﬁﬁ pPeir8COr 3D strut 6

o del LIS P AHGS Bt Reer baesol [ e and bbbl ks
ﬂaleﬁavpbelr stracesre &t Itihgu@ree 2ngdhowsd & selvendat §6 fdr negber

15 QG @Brrﬁ’fofa a‘ﬁ' §ﬁ<9 fhastkc, ﬂ%@@fn&tﬂ ‘7aocir @ﬁ@ llke, or a
SeCt|On nmper constitutes

R SLPEE bt 5 GPET l b nand SRR R pF M gt
stsygt €npraridd aikbetwieem theepigpbrgwsystiem and @ndteher

ezfgn?e%tét éngl g aé 991 k?ectdlsgeéfe@mﬁin | Ly qg@é ' aee%eats

1SN space
2 sti fHeppate S@Pﬁéiﬁsﬁi‘%d iveéﬁaele boI‘tBr Fﬁl%gpla'“@ §Fﬂ“é"b%’ltcsr 6s3
ax&EO:IHeOBes;@é’lﬁl&’@ enckpartt thé encsbrut & tOre thet ldikkat 7

ﬂﬁfc§o%tthstﬁ%ﬁ?i?e%i?kgﬁﬁgg QXL£Q£Ef E%oléfgﬁgic
m@ﬁ@ﬁqalnénwﬁﬂch are fixedly bonded to the inner faces of the
two plate elements 3,4 and the opposite 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 insﬁlation 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
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10 in the formof an end part of a flat strut 7 or
the like, or a plate elenent fixedly attached to the
end part of the flat strut 7 or the like, which
extends between the two plate elenents 2,3 so as to
be di sposed within said plate elenents 2,3. There is
sandwi ched between both thefpl ate elenents 2,3 15 and
the respective faces of the end past of the flat
strut 7 (or the plate elenent) a thin shear |ayer of
19i &0 vehastileingmater falneptwhi'eh earart & xedihprboneéd afo

sébﬁ damer1faceseatit ﬁcoélﬁﬁgpé?éﬁ%n%%e??ﬁ]a?blgf%%n%e
0 e ru

ite faces the end part
u0r- PRECErhe & SFOREREY 2 STRENHRT Qe breBTet Reba g rranged
wibhiim lcayen ofe vingedisl@striosindterifakhd ats ovaxi ammc
nafplifudes in both directions of oscillation is
i ndicated at reference nunber 5 (greatly
exaggerated). The two plates 2,3 are connected by
FagmkdsJBaaﬁﬁr4nsH&w 25 éﬂhbddaﬁpﬁraddbrﬁﬁﬁgHﬂﬁdbﬂﬁIﬁwéhtian

céM%f:l%i ledéig%ro%kl g@%)l@rc&o agstlcwggr%]e lor ?amper

apsulate er proof ayer ric
1 helat ﬁ%fgaéﬁ@%?ﬂtW@@W islingg Ll aed @ncaptwaftanﬁg eHbftles 2,

c&ﬁpml@g ofire enheddedyiitm hhglarrg&eullat I B0 Hhoah tRehe

tern tivel 0 S ondlng
IR e i el Gretiey THU S g B ARG
lﬂaﬁqﬂelredcan Hee mabanai st eat Ehe ploibkice dpér ah@rfefpe
wQEhNéw@eBa@m@%hEk@ltM%Fﬁﬁ Ufe d13nge ﬁhrz@l@gaara&er or

f t ol | ed "heat.ing el enen
FFETE PR Sn CRRUN SE00 b A er Barh e PP o ial
dihectdgrn vd nodirfipet he atttewped ataimeecohbe glilpengl and the
aeﬁmﬂ%@%lvé 18 /15%%%@86 Csoc%teglg%ﬁi %gent s,

the control system and | acenment o ossi b
reaRROrYelY o ?ﬁﬁ ﬁFéPESé“ﬁe%?r%%F?%ﬁﬁ@@?a??w?@eréﬁﬁ%ﬁ?cﬁ and
7t he danper2i Mia gitven woriki agiefivwi ropaeEdd tbothe valve

fﬁéﬁ%@”f@ 95??5t§&t”9§ of séi%ki C{Hgé'ﬁkh {§3a collar 20,

ng cool 1 ng el enent or c

LR Her @ Ba¥lerfpefét a@@tseénéérp%wdf 6F %mogn@ethe pipe

1aErEH&gQ@o 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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within or in the imediate proximty of the visco
elastic 5 material, Figures 3 and 4 show an

enbodi ment according to the invention conprising

whi ch conprises visco elastic danpers or danper

i nks arranged between a pipe 11 and an attachnent
(pipe) 7.2, 10 conprising of a valve 13 with a flange
14, As shown in the figures three danpers or danper
links 15,16 and 17 are installed in the piping
system The danpers are of the type wth tenperature

Fz%a}tel Kr @lsgl?&v§ EOMrtlﬁbzf IeagF§lz§entTa%cgmt i £Qr thgaﬂ%%&tlon
I N or a | at 1.0 I N e

T Bt h JOBERS B BamPer HPEehan e deeHetHED: be
betlveandthb el ecat baAchmeNt Heglve di2kelBehy Ifeafse otwcstc}ampsrs
351%@%91@19“5{3%%869{1 Cp’a%laiie-rheoﬁ:t *%n%aailﬁ/e P aE04 fﬁﬁpond

he strut in figure 2, strut 18 is
d%“ﬂetefsl y%t‘-’t%dﬁé&n’?%d ti‘-'?ll‘i‘étv%]lleéleda”\‘pleéﬁg%hai]iiL beheewgrgure
cdi®rcs 18t d1id ymeakt ashedotroded coltharh2tha20Q nwhi et drs 2a,
r] f dap ce a 0 e m
S e T P A e e
danpeks 16,34 Bref é?h%ﬁéﬂﬁélbs@‘rqwﬂaﬂpoﬁs@%& ﬁéC@r%’SS‘lS
ighrectuoniof 1tihespipe sapes-@atiraghedré os t he val ve
flange 14 and the adapter 21 by neans of the struts
24, 25 and 26, 27 respectively in a simlar manner 25
Atopintileraetiaxohiment ofr tehéOdaspere IpitpR 1E1d Peistshaws in

£ 2l 9, C%ézeesQ@l@ds&&ﬂa@caiwtgim@naagmgew QEI géﬂig?exz 1inks
gure shows an _enbodi nent’, a

c

AT HIBHOLER Do gpaRg: o A b 14 S0gCenast ihoaRpRs S16F

tidanper Lhakktied and 3Gnpiepkhgresystenpl Taw 40r.0SS- Wi se
mount ed danpers or danper |inks (one 34 of which can
be seen in the figure) are nounted on a pjipe 30

Fb@%%eﬁoaaW|%spP%®€l§ﬂ bRPattesdArent azéiaﬁﬁﬁr W}%F&I?én
sB2f T espeet évelantsass idret hetechatitweat pascandivhgelt ds to

% &-ﬁ@%d A %EI{}% %&Qrﬁéntd%@p%.tﬁ)r Qﬁgﬁgﬁeé &J@)sgssectlon is
placed around the pipe 44. As shown in the figures, the ring
element 45 ig 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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35 cross section and wi thout tenperature control.) is
attached between the blind flange 31 and the
attachnment 29. 1.0 Figure 6 shows a further
enbodi nent according to the invention conprising two
danpers or danper links 35 and 36 nounted between
the legs of a 180 degree pilpe bend 37. The two
danmpers 5 35,36 are arranged in parallel, but
nutuallg rotated 90 degrees. It is intended that the
Tlgampéled sHalflt theh teshpéear e céafttold8@candoneliceche

1:@{1@&63&;@@%@%&hermddllewl ald @BndSf t$eeanbs® ddsguised
or el al

g
*4a 08 ST ot UM Ty ROV IRR B 0S5 Jdettt bR haerent
addd tiinda € atyadk swet hacﬁaHt@g‘sAwmcéh@ag ibe juypefl §areclBieva the

a@ﬂé@hh@ﬁt@rg{o@hgeaémﬂé%fs @rg@arﬂ}%@r eenipd p;% ae@gpé%% $
shown i n enat shown

e.s
PR PES B | d%ﬁpé? Jr“mﬂ@an%rg‘a&egg?eﬂl ﬁiﬁgén‘ﬂlsﬁ and
eldstiis abisoeere fadicatieédks hate IBstéeyd avethasadaateds in

<a0d L g %ﬁtuags %Jrr@nltegr hgyﬁ@sdame@ngr how
P atesrEn s iR

ariln desi er t
15@?}%@@% @,otz;smartéeaf%%aa%ﬂé\anﬁ g%’% %Ep@l%n%ﬁ%clﬁh?% s eperIY
r&lagpedt PrcﬁnlzltgleE‘bepﬁ’@ s4brwh tis anboshiaped dedssnation in
section is C r

1% afnrpeﬁr%rs doatm%eg fﬂ'xka %#Qg‘véx{] igl Eg \ﬁﬂthln (tiﬁa ouﬁl nof
t}n%@rﬁsaﬂéslm&nﬂi#@ﬂrﬂtﬁtn@nﬁr@]fn“tolifé Vrﬁ?fé %Q»Stéﬁoda\mp%é

c&h@stail 6o tigdTRi thg cHBY Q:Sét&rleeﬂ:Ga l;s;p@r &@@g@d adagtueeredrhe
pl at.es, 43th t he 2%% %E ?‘ detall in
e¥3 e P11t T HI% 0] %3 bdi e sigﬁed 1o &anp
v i e ehakt i @5laoger| ruatqmrnb@e@mp?énp@w atilpreteoms rigirectly

aﬁﬁ%ngﬁegtﬁiﬁgQﬂm Pute iy 11not shown in the figure.
Figure 12 shows a possible enbodi ment of according to

the invention in a subsea assenbly. A yoke 47 is
Flower ed dovws amdad3pftqpt aded omclampi pend &8 Whechoke 47

f£§t§§§ﬁuE8daifbdyd§9§oﬂgtéﬁa@ 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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collar 49 or the like, before the visco elastic
danpers or danper |links 50 and. 51 are nounted wth
ROV (Renotely Operated Vehicle) bolts 52-55, Two
buoyancy tanks 56 and 57 are shown in the figure,
but may be excluded. 35 11 The nmethod of attaching
the visco el astic danpers of? danper links is
inportant In addition to sone of the above descri bed
gures show ng._an ada ter, the figures 13 to 23 show

Fawm 3t 1O PPt Q58S HPTHdApt 8F S SthiICARERN be
VBI,SMI 190 7a<;h'v eve the dematdracheemt sioafyt fieowtanper sgores 20

g%r an;l, % r% Q;th%sgl e%gra!ngg ipé pclh%gugx%frgonllga%pplns 80,

* hport Vi sCo
8bragamger s| ks ahpe ﬁ&§ﬂéﬁéé9@@ﬁiHé:a@%ﬁﬁé¥§3|n such

a way that dlsplacenent arises in the danper or

nd not achne t to the,pipe
St SRR PRI LR R A MR RSt ol
psystlen i srefrolgh tdectdefcopndtjomtisn  t he danper or
danper |ink. However, it is within the scope of the
resent i nventian that one or nore visco elastic

TRaNPBFL LBt 4 §8V % diXtalhetf thePwebhs & 1558 Bﬂot%
padapterd ehbodimexanptiesdimideheabarem ofr aheotdranary| xechy

pggs%ﬁﬁﬁégg té"n@d&??cé‘@lo\ﬁ' SGHeP%cits%Qldﬁé%%rgg%QnQr@&f

vi brations direct associ at
Pﬁﬁéo%lvﬁ-éhv\ﬁﬂﬁmapﬁk GFelh 3 s fbRs2En Wé&éﬁ?*érd%atrﬁlﬁg from
tBkanPsid Aged8Mtihehinsentfiast ened 4:0 daffoendat ikb8; appended

%g |s the pipe 59, with glue 60. 20 The clanp ring
g pre-tensi oned around the pipe 59 by neans of
bolts 61, One strut 62, for exanple corresponding to

beeexﬁgllét, 20 Oy 2érénvid@ueessSi ARdnber| §1ﬁk@8t:@@ﬁgi be
e cla g 58. wth.a s eC|aII fabrlcat
RRealiedne

a to th n sge les mb t hereof if
ES%%%%&P PEat™ pis Fgare 14 shé

sal tles dep@tdlalgcbanbhqu&pgcssw wheriélations to be damped

out and 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 wmaterial 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



25 the glue 60 is applied into the gap in the clanp
ring. Figure 15 shows solutions wth 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 30 |ines XVl
and XVII respectively in f?%ure 15. Figure 18 shows
t hree types of screwed adapters 65, 66,67 nounted on
a bolted |ance 68, The danger or damper link
typest plutsirheat g nf astene dhe 0k h e RdBpteridiafet h
en0RiCalt RkASP13D nb2. alZerriaglyesy k&ﬂ%@&@ijﬁor example
|fferent forns f melded 0|nts ﬁt 76 77 for

"SR  Hanosrg U8Ry sholngln FGhrad: éﬁl ‘and 21).
Also in these arrangenents t he use of conical pins

Fogoexan%;la.ean@h&w sslla'p@g' gated -8 &&ﬁprfl'sgii@ e&el%wo%t@m

gur es 1 be und rsto
Pl@ﬁ%n%% wetop “‘?%iﬁ ﬁﬁgur@pcf Sraphlire’ ‘Hefapt et §5irgdtat® ena
elpoent sarringed nwentceonths wlteoat gemet ann @y endypart of
th'ée§£f\5§to%dt$19 ihe, 10 PLef efr Sgrzgg%g%getﬁ‘ls%a%%%w bed

above. on the contrarg n% ilitres to
staBaF i &A°MBRsS tHerre8f Cyif 1712 @Sab%é%r@ntgl{l%l% plﬁé?son
with ordinary skill in the art wi thout departing from
the basic idea of the invention such as defined in
t he appended «clainms. 15 For exanple, two or nore
visco elastic danper links could be arranged in
parallel or in series or any conbination thereof if
so desired depending on the specific oscillations to
be danped out and the piping systemapplication in
question, Thus, two or 20 nore visco el astic danpers
can extend in parallel and/or series
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bet ween the object (pipe detall) to be danped and a
support location on the p‘blng system Several shear
| ayers or sheets of visco elastic material which 25
are fixedly bonded to the -inner faces of the two

CLAIpbate elenents (first stiff nmenber) and the opposite
faces of the end part of the strut (second stiff
menber) may for exanple al so be used, instead of

L. VenFy Yoy SRR G §€03ePABETE Fat €T al VI (WSS

osc:Lniﬁélé ey fh ddifg‘ker@rétqu\ém&go ehast i @mpﬁiwcﬂealcsscrmmakﬁaons
30 de endi n ecific.osc eiat ons, to
ea

and G3RHEE SUCT ThE' 3 GTRG CLEm [ et CHa of. G and 7k

one
(15, ksnﬁ7bfoﬁugm@tan&swﬂachnabaprab¢sThneabovemde§enmbedof

Viscgn%g%%@?@tda qﬁ%¢§%ﬁﬁyfgld'fsef§9£d1¥ &gd é?%ween a

nent s anper or damper plpe
firspbpetff oremigat aid. Fo Ape darpedndndtt b Tﬁ?ﬁ?r :

chargtzwﬁyé@ ntbaq@ateruheotvh%&ot ¥pes: of §é‘r§ﬂ%@t1ﬂ9@r&mcﬁmper
han the one sh mn |n th . enbaqdj ment exa
Linkg| b5 nbti Vol yL S PSP g e e aar

connﬁeubdl pgpe gé;ektttrhggnsr | (\ZLGI |3m>g 30r, 3b<))| brn}glp@t@etaaﬂ%or (13,29)
l e ructu r sin

wienSEPPRe Sl rBIRTS By it b B A e

betwbanesﬂﬁdlmmmu&ﬁﬁy qﬂnaaaﬂ&dapnaaged0be©meenrtwmpqﬂdﬁuﬁlls

i.e. ekggﬁgéﬁo?wgorn]n Qﬁp%%?t%foftgﬁe %E? s§§§%$ fg§elf

nst ead shaped str conpr|5|ng
is Sphét@%lﬁlbl’e]slmlrfﬁﬂ}e single piece, 14 CLAIMS 1.
VISCO el astic danping of a piping system which
yste oscillates with high frequency,  snall , .
. VREPI PLERS bS T TRIDRE O AHa % SRpFTSES bne BT ized in
thataut oneEOUSl¥éSLO dlrgsti 4 idanmies) Ibﬁkshe(déldﬁcﬁﬁ@ iaf
ich conprises . aone or

& h
d
arranﬁsgo¥§ ast %1%%<3 ﬁﬁ“ﬁgﬁatlops g? Ehxed$ gﬁ%%déTl
direpéetweent aa flrst pipe (11), and that two visco elastic
damper links (16,17) of the said type are arranged for damping
of oscillations across said longitudinal direction of said

pipe.

3. Visco elastic damping according to claim 2, characterized in
that the visco elastic damper links are stiffly attached

between a main pipe (11) and an attachment (12,13).

4. Visco elastic damping according to claim 2 or 3,
characterized in that each one of the visco elastic damper
links (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 struts are connected to the pipes by means of
adapters (20,21,58,65,66,67) fitted to the pipes.
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first stiff menber (2,3) aﬂg a second stiff menber

(7), <characterized in that’the visco elastic danper

link or danper |links (15,16,17) is/are stiffly

joi ned between nutually connected pipe sections ,
5. V{33930l B9)da ipipecaerains (13-29) M 10 WitdHarrdzed in
that PbRE NGy SYSEEM i WheraiR ttihe gpgbati veneds spiacement, 41) is

bet ween sai d nutual | y _connect ed Elge se tg?ns %r pi pe
Fastymeqi PeSvesn & bét e °ERo °di ff BHBALOPATt S 0f the

pi ping systemitself, is substantially Iimted. 15

2, Visco elastic .damin gecordin o clai . .
T e e T
that (18 ofsthesmidia yperies lankanged, $6r4 dahpi myreofarranged

| Lations | ngit udinal, o i Lecti ool @ s o

mUtugﬁggtkﬁ%%ggff%§f&§ﬁﬁ%%hgk'?m% v%g%o % ast?c:léznﬁgp

links (.166,17) of the said type are arranged for

7. velappi 80a20: ©f a08¢ild aldensiagr esscsaid 1 ongidmdinalized in
diEection of  sai d Cg&Pe. i” Vi sco elastic(gﬁﬁging ‘
EhataER8r Ui A t B 1 Ei B R ar a8t 8r P28 T AP "I Hat T HE S & pipe
(44) vhB@oaebaspd e danparenank g 4an essrirdthyiad t @ohed 25
between a main pipe (11) and an attachnent (12,13).
4. Visco el astic danping according to claim2 or 3,
8. Viéharaetesti zredldnp tiitataceachiioge tof abheoVi St wlestding
claif@MPeharhé fksi 4D, 46.chh) ic$eCoBBBELLTVE O IH& clastic
respective pipes 30 (11,12, 30,37,39,59) via
damp?ésgéﬁki%% RET e 18,00 teapesabgro 7y Ont ikl 14 1l ement
(1o)struts are connected to the pipes by neans of
adapters (20, 21,58,65,66,67) fitted to the pipes. is
5, Visco elastic danping according to claiml1,
9. Véharaetesti zeddampitchatcconeliog nor eluiscd, etlastacterized in
d er. Link , 36; : [ .ast d_bet
R o e  E AT R Y R UL R
cont@@ﬁr@ﬁ@ atenrili ngl Yo BlsaismrzoveHafaby epil zé@s At ion layer
(8) which is encapsulated by a protective means (9).

10. Visco elastic damping according to claim 8 or 9,
characterized in that the temperature controlling element (10)

is an electric heating element.



that two visco elastic danPer i nks (35, 36; 40,41) are
arranged nutually rotated'®0 degrees in the

| ongi tudinal direction. 7. Visco elastic danping
according to claim1, characterized in 10 that the
vi seo el astic danper links are arranged between a

11. PiP&o. éﬂé@tfﬁ“ké%@%%ﬁr%kkb&al%beHEnEl£ﬂé)8S&fUﬁundlng
Vi sco astic dang%ng?acco di ng t.o an
t

t he .
Chafafft?ﬁ%%@e%oﬁ%f Haitme Pt Rs Preg Y KA e (10)
is ahespective vbScheldsdnett .15 danper link is provided
Wth tenperature controlling elenent (10). 9. Visco
el astic danping according to claim@8, characterized
12. Vhsctbhatathec visgolirel asticeddagpinganatefialaydy Gnd .
char%EEeLJ%QQ&r?ﬁ u&?at 20 tcle{Herr%ltUr@g s@h@@?nis (é—@a@@d within
surrounded an insulation layer (8) whi
or 1@nébpswa@<éuam REPEiotidet iofe tﬁéaﬁéseg)elq%)tw eral
(4) .el astic danping according to claim8 or 9,
characterized in that the tenperature controlling
element (10) 25 is an electric heating elenent. 16
it. Visco elastic danping according to claim8 or 9,
charatcterized. in that the tenperature controlling
element (10) is an electric cooling elenent. 12.
Vi sco elastic danping according to any of clains
8-11, characterized in that a tenperature sensor is
arranged within or in the imediate proximty of the
visco elastic material (4)



