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Mooring systemfor a floating structure The invention
relates to a nooring systemfor a float ing structure,
wa@ pahi/oa®ivessel , conprising a nmooring structurBCT/ERING6/070081
as a buoy, a further floating structure or a fixed
tower, having a turntable rotatable around a vertica
axis, and a connection structure adapted to provide a
connection between the floating structure and the
nooring structure, the connection structure conprising
a rigid arm assenbly and pendul um nenbers, wherein the
gid arm assenbly and pendul um nenbers at one end are
Mooﬁﬂﬂ@eay§tﬁﬁtéPEoﬁnééPéHlﬁﬂdSBFuFﬁéF? ot her ends are
adapted to be connected to the floating structure and

t he ring structure respec wher ei n
o g e S P Fe  SERE . ottt chvahat B8t a ricat-
ingMeboringusygst enshofist iesstypecamprdssobosendobeingxanpueture,

sucbnag Ab&%gg6 1%grtﬁgrAT§%%E§n§7PF?Qgtgge ﬁtsés%lgég'tower,

n such oring s ast weig provi
haV%@@térFH@“F@P%@SrPBaéﬁQ%?eaFﬁénﬂléaV?ﬁ§l§ﬁﬁuéﬁa§e gpd a con-

necﬂabﬂtgtauatpeéléu@pt@unGQM@ksb@aévg &@nheetmgﬁrbegween the
ructu

e ri rmassenbl y _and pendul nber s
Flogb g SFEUFFIEe PR FIPoFODFABe HoePGRGTSr FRE connection
strﬁbbakengomprmstugeacamged bymt hesenkilyoanenpahdulum members,

thQQEQi hg H? g?ﬂog% m@gge E SuESHdﬁ Mgég%ng%rone end
are a tac 8 0] X ure
arelh?éﬁ@@hheéﬂé@r@ﬁﬁ§eéﬁeﬁhénﬂlngthﬁragtéﬁﬁlynéﬁdare adapted

to BS”QHhH@bBEHb€6StH%tBlbﬁ%19@|E@%Ec%@kghhﬁdaEﬁefﬁ%%rlﬁg
pergen ICU r to the restorlng orce due to for
at

Stréﬁéﬁgﬁlée RECFOFF Lot FBRESOP PRALEP MRgISEPuEERr Brovided
at thet hetknownneooetdngnaystem the sw nging notion of

the p ul u eLs.ca co undesirably. | arge_when
t he pgﬂgufuﬁ$|§y%xe?ed ?ngglsgf%%% To°| %Sﬁg?ﬁ?glfor example
in EPefuene§s Li9i sERoReld tRat 96t kod BP-Bhe pEAdANEGm In such a

moo PEAREL$sEOXO! VRS BQE&QQtOQeEBﬁtQtB?Bv@8¥a9E§tB§EB§ ®hrces to

enable the floating structure to maintain a position window
relative to the mooring structure. The rigid arm assembly and
pendulum members do not restrict the first order motions of the
floating structure caused by the environmental conditions. In
embodiments where the pendulum members are attached to the
floating structure, the interconnected ends of the rigid arm
assembly and pendulum members with the ballast weights are free
to swing perpendicular to the restoring force due to for exam-
ple the roll motions of the floating structure. In the known
mooring system, the swinging motion of the pendulum members can
become undesirably large when the pendulum is exited in or
close to its natural frequency. It is noted that motion of the
pendulum members involves motion of the other movable parts of
the mooring system, i.e. the turntable and the rigid arm assem-
bly. The natural frequency of this moving system depends on the
geometry and weight of all parts. When reference is made to
natural or swinging frequency or motion of the pendulum members

this should be understood as the natural or swinging frequency
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the nooring system i.e. the turntable and the rigid
arm assenbly. The natural frequency of this noving
wa s esodepends on the geonetry and wei ght of BET/EP2006/070081

parts. Wen reference is madge to natural or sw nging
frequency or notion of the péndul um nmenbers this
shoul d be understood as the natural or sw nging
frequencyor notion of the conplete noving system

or ro@npri soNgEdecqentet¢ unenendes gsten gi dorpnss amg the pendu-

Lum M 2PL €. rT £4 ODLECt 08 wﬁ?wrgf@t' on is to provide

an |nprove or| systemo e above-nenti oned
type, WMerd rﬁp‘ig gl f IR R oS 00 tIeO PRI uninproved
Hﬁﬁ@ewstémo(bfam&dawv@rm&ﬁ{i@m@@tt@@@newhefg;c_@rgaﬁgmg of
to the in tion the noo sten1|s char acteri gg
the LT Rt ng SyRTRTHT O RERPT Ry ReP Rk HgF fig ot T o b Cient
mantée. pendul um nenbers, the danping systen1conpr|5|ng at

least pne, 14 aul d.d anke contali g ad iy andbelng ¢ char-

| ocat e nooring sys ance
actgeiz¢daby axi Sammhey ef ns t¢e fmuqi@lmpam has smhglng motion

£ ChIEHShen &h@é@éésﬂ\h@% Y1 9Ps Pfrnt BEnPENdULY ML 1
© gklln‘oers t%% li ml r|s adap tggpto&nggz %ﬁ thmﬁ liq g © teast

onet hhRuid %?%lﬁ%nﬁ%h%%% %o%‘é%l‘éo%‘?ep%%fﬂ?nbo‘t?%ed in the
mooﬁmm@g$ﬁgt@@ta©nao@léh@n@@nﬂﬂbmntmgn@@fslcén §Ris, wherein

nner ,an ficient danpin ste t ai ned
the R CRE A FHES cothe P als RO Forvas bPtheC! f il dhbuPngot on
of tlnetpendahkn m@mbespethélbaquydth& sflapheagtonpage in the
11q£9&c€§n§”90dﬁ?&%i&ef§£&§§mgaf8r8é§dc§§ngéﬁg?89n5OEHQsting—

grOV| e sw nging notion o
ing pap h@%n@ﬁeﬁ%%r@enqﬁéu@am%m?@r§ysten1cannot be

di rectiy xid ethibye €nyh rones aht f@4€Esng Asg‘/ytérheis ob-
taiad¥antg$e S tggt tge dang%nﬁgmfstgn1ls ngt SF %ect toVin

Pari ngF oot P ngR e THeUT hventFb PFCRBW het B ptafthed FRVING
in vioe etalek aihonet bpeef Eieateyt ohe helanaiwnggsmpact forces and
ine?ED§”§6£88£!Va§Q°%éQQ a8 8gﬁgg£g forces to provide damping
of the swinging motion of the pendulum members. The damping
system cannot be directly exited by environmental forces. A
further advantage is that the damping system is not subject to
marine fouling.

The invention will now be explained in more detail
with reference to the drawings schematically showing an embodi-
ment of the mooring system according to the invention.

Fig. 1 schematically shows an embodiment of the moor-
ing system according to the invention.

Fig. 2 schematically shows a top view of the mooring
system of Fig. 1.

Fig. 3 is a cross section of the lower end of one pen-
dulum member with a ballast weight and liquid tank of the moor-
ing system of Fig. 1.

Figs. 1 and 2 show an embodiment of a mooring system
for a floating structure 1, such as a vessel, which comprises a
mooring structure 2, which in this embodiment is made as a

fixed tower anchored to the sea bed. However, the mooring
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ment of the nooring system according to the invention.
Fig. 1 schematically shows an enbodi nent of the noor
wo p@78y®iem according to the invention. Fig. 2PCT/EP2006/070081
schematically shows a top viegw of the nporing system
of Fig. 1. Fig. 3 is a cross section of the | ower end
of one pen dul um nenber with a ballast wei ght and
liquid tank of the nmoor ing systemof Fig. 1 . Figs. 1
straptdueshew ahsenbedinadgrt asf aabmogr bmgasysiréimefrorf l@ating

strEE@ﬁEbngTﬁEEUQEQEﬁe} fl%H%Qngss@r¥@§§§E CWR'%Q for example a

rrprlses a noori ng structur
VeSéﬁ%ohPﬁ§h99|@Oﬁaaéoasba FERBE PEWer LHAEHEEeROPS ie Systen or

forseaahpde blowwamct b@sﬂﬁ@bhﬂﬁét eyetume can al so be
urt her, floa

made a tin truct
furthe?h?lg hg s%?u@?ﬂyédggnwbgh grgﬁﬁaﬁﬁgiea3v§§§éFably
supbeepbdgoposh9|onwby geamsuatl a frarthernlnmeatisng .sydkemooring

strgetteg @éégagg ﬁg@@@eg Bogpéhg@wgnsg%g%@k&%e st Webted to

rovi a turntfa rot atab
proﬁﬁdﬁhé ?@%@?02lQﬂo@ﬁ@WQGVeﬁbﬁcéﬂoa%ﬂ§94Strmﬁéuﬁﬁoﬂlﬁ@d the

tow%ErQCt@hetﬁﬂétQ%bo@@ﬁ@hks%ﬁeaCSQHEQQEbﬁns%&b%%h%%e55com—
adapted to ErOVI de a connecti on between the fl oating

prl§FPuEW8rél§ dna e foRef S2 LT IRRILARE Eﬁﬁ@&lﬁenﬁttﬁ@e end
thecgbhestBOEaShrH@éUbenﬁeCQﬁﬁrtSeShéM@u&hgb@lérmeWB@Qnges-7.

e S5 EEPORULE" pHENER B, 428" ST IEYOKER O cah.a

welgppoSite end each yoke 6 is connected to a ball ast
VVe|9htT1§e cghﬁeEQEBﬁCEtQBC§EEQCBufﬁréhéyrEgﬁprgggp%h§ependu—

endul um nenbers 9 each connected
luma@@@ﬁﬁr§ PnBecBhERReCESduppoPt haras ?fsﬁﬁﬁﬁﬁedn@ﬁ ghewn) to
supbb@at krgsstiiuabune el onAkh%heﬂbahQﬂ@fs@@d&tb&% 1. At their

Lo ST IEREES, 2,81 ScbaTneched By hinge 358 BISS asoen-
blipat ék to the ballast weight 8, thereby prov1d1ng an inter-
connection between the ends of the pendulum members 9 and the
yokes 6. The hinge assemblies at the upper and lower ends of
the pendulum members 9 provide two perpendicular hinge axes al-
lowing movement of these pendulum members in all directions.

In the embodiment shown in Figs. 1 and 2, each ballast
weight 8 includes a tank 13 containing a liquid, for example
seawater, as schematically shown in Fig. 3. The dimensions of
the tank 13 and the amount of liquid are chosen such that the
liquid is adapted to move in the tank 13 due to the swinging
motion of the pendulum members 9. This results in a liquid wave
14 or travelling water bullet providing slamming impact and in-
ertia forces creating a tank reaction force that is counteract-
ing the swinging motion of the pendulum members 9 thereby caus-
ing damping of the swinging motion of the pendulum members 9.
In Fig. 3 the lower end of one of the pendulum members 9 is
shown in an outer position, the swinging motion just reversing
to the other outer position, wherein the reaction forces are

represented by an arrow 15 counteracting the swinging motion.
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connection between the ends of the pendul um nmenbers 9
and the yokes 6 . The hinge assenblies at the upper
wae@7logeeey ends of the pendul um nmenbers 9 pr ovPAEEP206/070081

per pendi cul ar hi nge axes al | owi ng novenent of these

pendul um nenbers in all directions. In the enbodi nent

shown in Figs. 1 and 2 , each ballast weight 8

includes a tank 13 containing a liquid, for exanple
Thes@iwemtiqnasfsth@naWiM@qu sbioiwn | s Frgpr8senféde in Fig. 2

9'@?@@é8n§hpé%éhflﬁ§ aé?n n@héh? ¥n£soit£'8ghgr re

chosen such that the IS a ted to nove Iin t

t ank 1E¢anﬁ1mgt¢@a@wmeé%QQFWQﬂﬁ cﬁh¢rﬁﬁt@%@h¢®nqthe damp-
ing NEBNPEL St Orisdhis 6§S@$é5téﬁkalt|@#hdb@ﬂaﬁj&sﬂe@rby ad]ustlng

travelling water bull et grOV|d|n

npa
the;a@etitha Porteditieatifg & ?a%?lgggc? th?o}E%ufaafn ghe
tanEOUM$e&ﬁC&lt@gmihBVSMDﬁga@@eﬁnfe@ﬂuﬂé t tiee pendet udimensions

ers 9 th b us in f_th in
of @F? tagk c% ebgé%%% d %?ggg 90? %@ﬁ f%n?%e %O%Eng the
eff@@Ulwé b@@gbm @ﬁet@@nﬁ@mhn1nenbers 9is shomn in an

out er POSItdeN, 14 h@néV\&&Q' Pe ol 4 0@14; usj reyer §é1@@t1‘i Odimen-
the other outer position, wherein the reaction fofces

sionref rght esdnted! yIantangenr 181 chant ke akefhgSt ke the rota-

tloﬁwaﬁg$ng opttpa. Thendibest BonTRist hessW B0i AganDEFBNcient

q resegted in Fig. 2 by a dashed circle |ine

am%b%?n Tha"aX%i's 4 as its centre. According to an
enbodiBente bfct hen i ol et ¢ orgnk héimampl émg, the number of

tanﬁ?aéﬁ&t€Eé5%£85e9{1é99?5a95 g ﬁégdbfnaghﬁs£§ﬂkbthe amount

dj usting the anount
of @a@®1@g|%a@h%etﬁﬁkusm@danlglP@?ﬁaﬁv%@rorwaaaeahe tanks 13

arefgééyéﬁedtgﬁdlDﬂ@faﬂl@@ﬂst@QSdQﬁaﬁD@ bankvcanrbermage tanks

abl e, for exa var he effectiv
can Pk SR TSy AT Re ReCub el L BRs S Sa L hECt 5FR e pLtpougn
the, tahbslEEg&hedlnemSe@nabfthhelhaaksoﬂﬁetSedaEgéBtDﬁlthe

yok%g éT%néagﬁgs %gdﬁfﬁmrﬂé Li9Ng a%gstﬁeoémﬁgﬁl&éﬁgtéﬁbﬁn,

resu n an efticlent operatio
location of the tanks can be freely chosen on the yoke, pendu-

lum members or turntable. Generally, the tanks 13 can be lo-
cated at any location in the mooring system at a distance from
the vertical axis 4. However, the tank reaction forces are most
effective in damping the mooring system when the restoring
forces generate the largest restoring moment around the rota-
tion axis 4 of the turntable 3. Further, it is preferred for
effective damping to have the length dimension of the tanks
oriented perpendicular to the radius towards the rotation axis
4, It is possible to use different tanks with different lengths
and liguid heights.

Generally, the swinging motion period can vary from 6-
16 seconds, depending on the pendulum member lengths and the
instantaneous pendulum member inclination relative to the ver-
tical. It is noted that the inertia of the rotating turntable 3
has a natural period increasing effect on the swinging period
of the pendulum members 9. The natural period will become

shorter as the floating structure moves away from or towards
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By selection of the tank dinensions, the nunber of
tanks and the properties of the liquid in the tank,
wo b@7apount of danpi ng can be adjusted. |n parpCT/EPENG/070081
when the tanks 13 are designed and installed, the
dynam ¢ behavi our of the tanks can be adjusted by the
anount of liquid in the tank. Al though the tanks 13
are located at the interconnected ends of the yokes 6
theamdorhegpehduttnraedber §09tha thelénbodbnent $hewpendulum
| ocatign h : e.fr YGE 0 h
ren RS Chonda ParyooRBorS ot FUrRL B 6 "ESnerarry. hekao™
nggﬁﬁkseiéléaﬁnﬁé L8 taesafarcanftporati shepndgfeing optimum
of EBerkngisystemnaksaidi skaneg Brem-t besvert ikeal naxusad period
. Howeve the tank reaction forces are nost effective
as ?ﬁuagﬁﬁ?ﬁb YRECHE6 iﬁﬁnéﬁgP@ﬁrmhen the restoring
f orcesIgenesat eft Aenkangest fregtencngofivaenhadlowndiquid
wavghﬁnrgb@ Eégﬂ axha éi Engﬁg gu5§tggget%nk Egﬁtggrdekgrmined
I's preferred for effective Banplng to have e I'ength
by BppeAsPéntbe fRélpEhkg eabefktedsper pendicul ar to the
radius towards the rotation axis 4 . It is possible to
use different tanks with different I engths and |iquid
height%.zcﬁngrgr y? the swi nging notion period can
vary from 6- 16 seconds, depending on the pendul um
menber .| engt and the instantaneous pendul um nenber
inclination reltive to the ver tical. It is noted
that the inertia of the rotating turntable 3 has a
naturabwpngQQancreasing ef fect on the sw nging
period of the pendul um nmenbers 9 . The natural period
wi |l beconme shorter as the floating structure noves
away fwoOBhothéonehgsthecrDonENglsiquehutBeddgnkoot tem’s ;
inclingﬁion o£ t he pgn&FIqunenbers in the plane
per pen Bul'dPes Phets ﬁg hg notion. Hi ghest
ef fici eneywidthhefefbeetabkaBnédenwpenddanpangtopfilipwmiirec—
tiof) %he.anti-yaw tanks is around 85% - 95% of the
natural period as found with vertical pendul uns.
the liquid level in the tank h [m];
the length of the tank L (in line with flow direction)
[m];
the tuned period of the tank T [s]:
the wave propagation speed in the tank vy,[m/s];

the constant of gravity g [m/s?].

In practice, also the tank motion amplitude is of im-
portance which will require a longer tank length with increas-
ing motion amplitude. At large amplitudes of the swinging mo-
tion the tank natural frequency ceases to exist since the flow
regime is such that the water behaves more like a “liquid bul-
let” than as a standing wave or water bore for which a tank
frequency can be theoretically determined. The following em-
pirical relations have been established based upon test re-
sults. These relations however do not limit the dimensions of
the tank.
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wave in the tank, the dinensions of the tank can be
waledoenpdoned by neans of the foll ow ng equati onBCT/EP2006/070081

p.N.B.h.L T = 2.L/v wvw = V(g.h) with the density of

the fluid in the tank p[T/m 3] ; the nunber of tanks N

; the wdth of the tank B (perpendicular to flow direc

tion) [mM ; the liquid level inthe tank h [m] ; the

| engt hLafx t*hea t-ankeda (i 1y liare with flow direction)

[n; the tuned peri of 2the,tank T [s]; the wave

pr opagg‘iaf”bn gjgee i};q%pﬁned tank vw [ms]; the constant

of gravity g [ms 2]. In practice, also the tank

mot i onhappl+ twde 1,5 ,0f i mportance which will require

a longer tank length with increas ing notion

anplitude. At |large anplitudes of the sw nging notion

t he tank.mataralhdffequency ceases to exist since the

flow reginme is such that the water behaves nore like a

"liquid bul let" than as a standing wave or water bore

for whBehx & dank Fhergeqlengy  canqbe theeneti calaby © N) - v

determined. The following empirical relations have

been established based upon test resuits. These

rel ati¥ns ReweverRrdet not Iinit the di nensions of the

tank.Ltank ' Lpen d Y OS Ltank a * g / wpend " Y htank
WitR:Lt ank t ank htank

0.5

0.57 < a < 0.73 or longer for unlimited length tanks
0.035 < b < 0.05
2 < c < 4

0.10 < d < 0.13 or wider for unlimited width tanks

where Leany 15 the length of the tank, wpena the natural frequency
of the moving system, heane the liquid level in the tank, Heank
the structural height of the tank or tank level, Bgsx the width
of the tank and N the number of levels, Fpeng 15 the force in
the lower pendulum hinge, and pPiiquia the liquid density. All
units are SI units (m, kg, N, sec). The ratio y denotes the ra-
tio between the effective radius from the turntable bearing to
the tank centreline, Rianky, Over the radius from the turntable
bearing to the lower pendulum hinge point, Rpend-

The invention is not limited to the embodiment as de-
scribed above, which can be varied in many ways within the

scope of the invention as defined in the claims.
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Btank d Fpe nd / (g P quid ' htank ' Lt ank N) g Y =
Rtank / Rpend Wth: 0.57 < a < 0.73 or longer for
wando7ovdoedl | ength tanks 0.035 < b < 0.05 2 < cPI/APDOA070081
< d < 0.13 or wider for unlimted wdth tanks where L
tank is the length of the tank, wpend the natura
frequency of the noving system h tank the liquid
| evel in the tank, H tank the structural height of the
tank or tank level, B tankltfHélSm dth of the tank and W
the nunber of levels, Fpend is the force in the Iomer
pendulun1h|nge and p||qU|d t he I|q:|d density.
uni t st ar e MIONMT SYTREREON 2 SR lngl’h%t-’f'%\(f?%r% 'such as
vesﬁ@DPt@ﬁmﬁhﬁsi@gtaOm@@fﬁ@@nsth@ceﬁf@Pt$N@hraélHSbﬁbpﬂWa fur-

t abl to_t t ank treli nk
thed B S T ST ERC P bR hett bf KT bl 2 Bbay {RULES Tholihtable
rothosiele penoduhdnz hvagei pal ndxiRpeand a dh@neovEnn|ahrusture

adagﬁéd|{31 f%gi@etQecgﬂpggffgﬂtb@§wggnsfﬂébﬁﬁo@@@ﬂg Fructure

varied 1n many ways wthin the sco
andt hlee  pRRPtRDOnS hEUAERFRedt A EPRNST R PR . €£APNBH1€ comprising

a rﬁ@?ﬂ'Qﬁmsy§§@ﬂ%19raﬁdfb@ﬂ&uﬂ@msﬁéﬂﬁéﬂéﬁ wﬁéﬁelﬁsthe rigid
vessel ng g noor i % structureé uch as.a 1 _

amb%ifem%lﬁr’u? ﬁ?‘h@?n Y-OUR| RGTREF Bct br e”or ©BYf Px&dEBAGFLY 10

terbavhagtadt amat abl ehebtavabte andsndra zéaptedl taxbs, con-

nec@gg @ocgﬁgeﬁ %89135 %GEFFSU gagﬁgdtﬁg ﬁ58¥ﬁg§ ?ﬁructure re-

connection structure an
speﬂb@vehg,swh@éeynebalhéséonw@eghbﬁ sreuRrovédednpki Shaginter-

conﬁeét@&de§&§1a§§§HQE¥e§EQeQeB Ué“ﬂhﬁgﬂ@§r§ysﬂ@ﬁr@bﬂ Haﬁplng
id arn1assenb| pendu gP ers at one end

theh?‘ﬁb%%iwgl%OFéPEoﬂﬁeEF%dpﬁﬂau n{RERPCEF neF DENHSTELAT System
compdapird &40 beagonoret edgtodt benkl cahtagnshyuat il quaddand be-

ingtygcgggélgg %ﬁguﬁggE§ngesystem at a distance from the verti-
cal axis, wherein the liquid tank has such dimensions that at a
swinging motion of the pendulum members the liguid is adapted
to move in the ligquid tank to provide damping forces counter-
acting the swinging motion of the pendulum members.

2. Mooring system according to claim 1, wherein at
least one liquid tank is provided at the interconnected ends of
the rigid arm assembly and pendulum members.

3. Mooring system according to claim 1 or 2, wherein
the inner dimensions of the tank and/or the amount of liquid
are/is adjustable to adjust the damping characteristics of the
tank. |

4. Mooring system according to claim 1, 2 or 3,
wherein the length dimension of the tank is tangential to the
turntable rotation axis.

5. Mooring system according to any one of the preced-
ing claims, wherein the dimensions of the tank substantially
meet the equations of page 5, line 36 - page 6, line 14.

6. Damping system for a mooring system according to
any one of the preceding claims, comprising at least one liquid

tank having such dimensions that the liquid is adapted to move



spectively, wherein ballast weights are provided at
the inter connected ends, characterized by a danpi ng
wa@ s esaoior danpi ng the swi nging notion of theP@EERE20&NT0081
menbers, the danpi ng systen1%pnprising at | east one
liquid tank containing a liquid and being |located in
the nooring systemat a distance fromthe verti ca
axis, wherein the liquid tank has such di mensi ons that
in &healswundi ngniotiooprofitke dpepdubuiorerbersuhi@racting the
swihb@UhCabs 1 8A2BkECHRLOIRYR LA LifpLLgul d tank to
provirde dampi ng forces counter acting the sw nging
notion of the pendul um nmenbers. 2 . Moring system
according to claim1 , wherein at |east one liquid
tank is provided at the interconnected ends of the
rigid armassenbly and pendul um nenbers. 3 . Mooring
system according to claim1 or 2 , wherein the inner
di mensi ons of the tank and/or the anmount of liquid
are/is adjustable to adjust the danping
characteristics of the tank. 4 . Mooring system
according to claim1 , 2 or 3, wherein the length
di mension of the tank is tangential to the turntable
rotation axis. 5 . Mdoring systemaccording to any one
of the preced ing clains, wherein the dinensions of
the tank substantially neet the equations of page 5 ,
line 36 - page b, line 14. 6 . Danping systemfor a
noori ng system according to any one of the preceding
clains, conprising at |east one liquid tank having
such dinmensions that the liquid is adapted to novein
the liquid tank to provi de danping forces
counteracting the swinging notion of the pendul um
menbers.



