1 FLOATI NG SUPPORT OR VESSEL EQUI PPED W TH A DEVI CE FOR DETECTI NG THE
MOVEMENT OF THE FREE SURFACE OF A BODY OF LI QUI D The present
invention relates to a ship or floating 5 support for transporting or
storing liquid in bulk, and fitted with one or nore devices for
detecting novenments of the liquid free surface within the tank(s) of
the bul k storage or transport ship. Mre,particularly, the invention
relates to 10 cryogeni c transport ships %or transporting either
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25 parallelepipeds, said tanks being very thoroughly
insulated thermally in order to limit the evaporation of
the gas and in order to maintain the steel of the
structure of the ship at an acceptable temperature. As a
general rule, such ships travel either when fully loaded

30 (95%-98%), or else with a small residue of gas in the
bottoms of the tanks (3%-5%) so as to keep the tanks and
the insulation system permanently cold, thereby enabling
them to be refilled more quickly, and thus avoiding any
need to bring the tank down to a low temperature

35 progressively, i.e. slowly, and thus consuming operating

time.



very strict standards and equi prent nmust conply with the conditions
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that are known to the person skilled in the art. 150n a voyage, the
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25 These phenomena run the risk of appearing on methane
tanker ships and also on anchored storage ships known as
floating production storage and offloading (FPSO) ships,
not only when sea conditions are rough, but even when the
sea is almost smooth, in the event of the liquefied gas

30 cargo entering into resonance with the excitation that is
created by the swell to which the ship is subjected, even
if the excitation is of small amplitude. In the event of
resonance, sloshing can become very violent, and when
waves break against the vertical walls or in the corners,

35 there is a risk of damaging the system for confining the
ligquefied gas, or of damaging the insulation system that

is present immediately behind said confinement system.



speed, so as to attenuate the resonance effects that mght lead to
sloshing that is damaging to the integrity of the ship. In the sane
manner, for ships that are 25fitted with neans for statically or
dynam cally attenuating sloshing, e.g. external fins or active
bal | ast systens, or indeed attenuation neans that are incorporated
directly in the tanks of said ship, revealing the presence of
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Revealing the presence of these phenomena that occur
before the appearance of such sloshing then enables the
20 captain of the ship to modify the behavior of the ship,
where appropriate, e.g. by changing its heading or its
speed, so as to attenuate the resconance effects that
might lead to sloshing that is damaging to the integrity
of the ship. In the same manner, for ships that are
25 fitted with means for statically or dynamically
attenuating sloshing, e.g. external fins or active
ballast systems, or indeed attenuation means that are
incorporated directly in the tanks of said ship,
revealing the presence of sleoshing-precursor phenomena
30 makes it possible to modify and adjust the settings of
said systems finely in order to attenuate or even
@liminate the unwanted phenomena.
The inventors have tried various devices for
detecting movements of the liquid free surfaces inside
35 storage tanks of ships or fleocating supports, but the
sensitivity of such devices leads to information that is

not of any use, in particular when using detector devices



time. More precisely, the invention provides a ship or floating
support for transporting or storing liquid constituted by a |Iiquefied
gas, preferably selected from 25 net hane, ethyl ene, propane, and

but ane, cooled in at |east one large tank, preferably a cylindrical
tank of pol ygonal cross-section, that is thermally insulated and of

| arge size, with at least its snallest dynension in the horizontal
direction, in particular its wdth, being 30 greater than 20 neters
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polygonal cross-section, that is thermally insulated and
of large size, with at least its smallest dimension in
the horizontal direction, in particular its width, being
30 greater than 20 meters (m), preferably lying in the range
25 m to 50 m, and a volume greater than 10,000 cubic
meters (m?), said large tank being supported inside the
hull of the ship by a carrier structure, the ship being
characterized in that it includes a plurality of devices
35 for detecting the roughness of the liguid within said
large tank(s), said devices being referred to below as

"beacons", and comprising:



35 concerning the behavior of the ship and/or the filling | evel (s) of
the tank(s), said recommendations being designed to reduce or
elimnate any risk of sloshing 6 appearing, i.e. any risk of
damagi ng defornmation or deterioration of a said wall. The
recommendations relate in particular to the speed and direction in
whi ch the ship should be sailed when it ts a transport ship, and 5
recomrendati ons concerning the levels to which its tanks shoul d be
filled when the ship is a storage ship, as expl ained bel ow. More
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in step 1.1) af terlng
roughness of the llquld free ‘surface is considered as

20 constituting a risk of harmfully deforming and damaging
said wall; and

c) data transmission means for transmitting said
signal, preferably after it has been processed by said
electronic calculation unit to a supervisor or central

25 unit, preferably on the bridge of the ship.

The term "wall of the internal structure of the
ship" is used to mean in particular an internal wall of
the hull of a double-hull ship or a wall of a system for
supporting and/or insulating said large tank inside the

30 hull.

Once the various items of signal data from the
various beacons have been collected in said central unit,
the person skilled in the art can input the data into a
mathematical model that delivers recommendations

35 concerning the behavior of the ship and/or the filling
level(s) of the tank{(s), said recommendations being

designed to reduce or eliminate any risk of sloshing



7 1.4) conparing said maxi rumtine accel eration val ues
and preferably said maxi num energy spectral density val ues and/ or
sai d maxi nrum power spectral density values Po and al so preferably
said spectral energy and 5spectral power val ues respectively of step
1.3) with respective predeterm ned threshold values S1, enma., pnmax
fromwhich the roughness of the liquid fgee surface is considered as
constituting a risk of damagi ng deformation or deterioration to said
wal | ; and 10 said transm ssion neans suitable for being activated by
sai d el ectroni Cafirlagtih@f iiQR . uaht rdRE &DrdamagisdlidetbAgiSandofaxi mum
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data transmittedHyEFE B ¥he beacons, if said threshold val ue of
step 1.4) is reachetioby rateclieakt. eaehofaithbebearonwprises: | n steps
1.1) and 1.3), the cahciH:@t 0BStARA cCOMRINEEDGh thert duabignadr by

means of a,f[ourl &l 2x; 4 393\ LM ANY S sdfpsddayand pover

cal cul ati ons are known %q t he persoﬁtgs'l%nlsalegg{l n the art "of signal
processi ng. Si MiI&rFyId H& spectral energy and spectral power
cal cul ati ons represent ed -Fespetid weFyuert heansioagr apr=fefrabhe «dur ves
for energy speciialrrdengid Ynansh13@ige ROWRbcSPLGhEatiHRNSI by i@
|1 kewi se known 4.0Lhe persan. skhhliedal 1,4 N8 21d, gl a1 hal L OCessi ng.
In step 1.4), the I‘I‘S?( of ,e?or ng or damagl ng sail wal [ associ at ed
with a sai d>t hr88R6EE" vl (FémRof FeSpond@iFoalt jask m8RS U e S n3tice
phenonmenon occuwikrmagorn advel8cmareenents-epf at hiex lorder o reécsiatieace.
By proceeding ithd Rhgid@bn ahlcf shbeinier! oti dmcaatstiat ignsadire
performed by Sa%u%c‘%"i‘%aﬁ”cl@ttﬁqgnfy -tencg dﬁ’“otfhkﬁet&%rgﬁéﬁf’%véngf Qly the
results of the calculations are pass to the central” supervisor,
i e. signal obtained in step a) over a given period of time
20 At, and then preferably calculating the energy spectral
density and/or the power spectral density;
1.2) filtering the signal to eliminate
therefrom the background noise due to vibration that is
specific to the ship; then
25 1.3) calculating maximum time acceleration
values obtained by the inverse Fourier transform,
preferably of the inverse fast Fourier transform {IFFT)
type, of the variation of the amplitude of acceleration
{(g) as a function of frequency F as measured in step 1.1}
30 and after filtering in step 1.2), and preferably
calculating the values of the maximum energy spectral
density and/or of the maximum power spectral density P,
and also preferably calculating the spectral energy and
spectral power values respectively of the energy spectral
35 density measurements and/or a measurement of power
spectral density performed in step 1.1) after filtering

in step 1.2); and



data that is nore conpact and that can be transmtted nore quickly
than a tinme signal that would otherwi se 5 occupy the transm ssion
nmeans full time, it being understood that the transm ssion neans
represent the major fraction of energy consunption of the beacon.
Thus, the results of signal processing are transmtted only if the
threshol d val ues are exceeded. 10In step,2), said transm ssion neans
that were initially on standby are activated by a command triggered
by said calculation unit, in the event of a said threshold val ue

bei ng reached. It can be undeds@aaqelgtﬁﬁtd fak OngaltG ik add @ ebfit 1onl5
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i s capabl e of 35cép/ar acteri zi ng%.4 total re %teng@}; €l p a Sfate Wth
0

maxX1murmnm er spect
zero accel er ation. P
preferably said spectral energy and spectral power values

respectively of step 1.3) are transmitted to a central
unit preferably on the bridge cof the ship, collecting the
data transmitted by all of said beacons, which said
values are transmitted to a said central unit, preferably

20 on the bridge of the ship collecting the data transmitted
by all of the beacons, if said threshold value of step
1.4} is reached by at least one of the beacons.

In steps 1.1) and 1.3), the calculations for

converting the time signal by means of a Fourier

25 transform and the spectral density and power calculations
are known to the person skilled in the art of signal
processing. Similarly., the spectral energy and spectral
power calculations represented respectively by the
integrals of the curves for energy spectral density and

30 for power spectral density are likewise known to the
person skilled in the art of signal processing.

In step 1.4), the risk of deforming or damaging said
wall, associated with a said threshold value corresponds
to a risk of a resonance phenomenon occurring in the

35 movements of the liguid free surface.
By proceeding in this way, all of the real time

calculations are performed by said calculation unit



9 O her types of vibratory accel eroneter can be inpl enented,
such as accel eroneters nmaki ng use of piezoelectric detection,
capacitive detection, inductive detection, a strain gauge, anongst
others. 5Preferably, said vibration sensor is constituted by a
three-axis vibratory accel eroneter. Such three-axis accel eroneters
are suitable for neasuring the anplitudeg of vibration of the wall in
three directions in space as a function of tinme. 10Preferably, said
transm ssi on nmeans conprise an antenna and a transceiver suitable for
transform ng thgweliactié Galacsh gnalss csuppincededyl tsabd €@l cul ation unit

o radio vaves, WHLCHALLQ YRS B &ld ABSHL 8o LLamoan Anf enna.

151 n anot her e 0(% ment, sal ansm Ssi on_neans conprise wred
transni ssi on neEdtE CBRhprS §PRY HBREE TWhABREI TP ResHgiamiprdtessi ng
interface suit atrre fioickiakithgntheiskgaainaduibablwouldrotierngseonveyed
via said call esocqpof eRabidnoptidHah heday rqabl @meGombimadow th
20interfaces tr E:Q%Q&cﬁ‘gch%%' Pnéj%gn&{}%gi?opemee n%CP:E?ﬁ%en%l gpal
supplied by the eléctronic calculation unit 1nto [l signal s.

In a first vari%CrefBdhiitenet gy cCHEREBR PUAThERS i55ECHles an

addi ti onal deviTessuthablesufios detéobahgpriches2Sharevenernsnspegi fic to

the ship and fagitys iggend narastdaihofedlarsabelaeqt roni c cal cul ation
unit to perlfoormtheIQrotceesgl)ng EPJd .%9595 itsglggg .]meja)nst 91851: %f)ar?nd 2) by
er &I éct i I'ts o

sai d beacon and t he oth ronic calculation un he ot her

beacons of the ¥WHtgalbnerafdapiby REeotteivat 8AKY &f CoTaE ShRigPsEd
fl oati ng suppordy, sthé taliqgderisg uafitt hier atei gragritonLod =dikdd el ectronic

cal cul ati on unis-&ka8ki g ahace=fdpoma-ruedet erm ned threshol d val ue
for the anplitude of npvenents.of .th hi.p eferably a value of the
angl e of inclinati o%to(féna b\f/a Td%rfStto g t_fs1hualtl %% étcﬁagcgg%%% e The
addi ti onal devi ¥ lyfes hegoRepFaicifeleronf shabrbialfotnttoippet®rves to
det ect the noveismnmt secdved from the sensors over time, thereby

enabling the calculation unit to analyze the overall
behavior of the free surface over time, in particular
when the ship is either sheltered or else sailing in calm

20 water, i.e. when there is no risk of causing the liguid
free surface to move and thus no risk of sloshing, said
observation being correlated with the reoll and/or the
pitching of the ship and serving to evaluate the
background noise that is specific to the ship in the

25 absence of significant movements of the liquid free
surface, thus making it possible to define said above-
mentioned thresholds.

More particularly, said vibratory accelerometer is

an accelerometer of the piezo-resistive type.

30 Such piezo-resistive detection accelerometers are
capable of picking up frequencies in the range 0 to
5-10 kilohertz {(kHz)} and they present measurement
accuracy of the order of 3%-5%. This type of piezo-
resistive detection accelerometer is capable of

35 characterizing a total rest state, i.e. a state with zero

acceleration.



specific to the ship, such as roll, pitching, yaw, surge, sway, etc.
I n anot her enbodi nent, a said beacon does not include any additional
device for detecting the novenents 5specific to the ship. Mor e
particularly, said device for detecting novenents of the ship is an

i nclinoneter of the pendular type or an inertial unit, preferably
suitable for determning the roll angle of a side wall of the hull of
10t he ship or floating support, said threshold value being a rol
angle of at least 5, preferably lying in the range 5 to 10 relative
to the vertical. I|notherstvardbys stidt-erothacdevétmetoAStHEDeVery

little energy, ﬁhgp%ﬁe}%éci“ n.the &%'cﬁgiéédm%@eyé“rﬁaléﬁs %%y%tfandby uni t

remai ns very si I'n contrast,. as soon .as pofent | critical
condi tions ari s S%PR&ESEHICULSERIr ni ‘Ealfé}?éﬁl}ggach}:fgglgfﬂ 1gfug e
i nformation con@@t@cmgm tehestyhbr ataugn, seweget artdhayer f or ns si gnal

processing, swi th thereestddly, Ofa AL PA OGRS SbRght Renchaitiguted by

transmtted to égfmég &ﬁﬂ{ ?hgé&b"rg} LSO e eEQP e\éaﬁfl ﬁfre%ta%esaSt one

of the predefined thres excee en a beacon is
activated by it GHTPATISToAETE 7 FRPLT sf°5d§?3ﬁ‘lard€8u§h‘? GTREEFYARSe t he
ot her beacons sof asbretbm ofr eh¢ hatllaid thfrephditredéons iar epact iage. By
acting in 25 thiSsrumMa¥iod her @ihs. @ high |1 evel of redundancy for

activating.an entireg, gy‘gﬁ; %qgof%é)eda(&gg&m%lsggg Igeaa%g Q%ﬂ&o% i %enor mal |y

activated by its own I'nc each ot hers

as wel | as the THAPEI 2% FefTRRHCNRENBVEAP]-¢ @ﬁéF%n?ﬁﬂré‘laﬁt‘?ktf’n
Thus, the 30 rislewfribaVisignal bearohitdhdly sehdigsd.cohastandbyt iisteery

greatly restri cltaeﬂo waves,| WhRek NrdaiBl SRRt atk onsnkRl cesd ifvahi £y the
el ectronic cal cyl n unit as described above, the term "activating

the electronic ca cu ation unit" means that 35 it was previously in a
standby stdfe and t ARt 2FEhsH: SRRAGIRENFy S3dfli VARAWSIFFEY] Me8B%as to

perform the provessing @nwd heatsraiss bes sicansi vaglpredingm cabbve st eps
13. b) and c), &aidctlaNHTisSghan Jreanssald et oo aet byvadad byosai d
el ectronic CalCﬁgfyﬁgoghé”gféngg'suitable for being conveyed via said
cables, preferably optical fiber cables combined with
20 interfaces transforming said data from the electrical
signal supplied by the electronic calculation unit into
light signals.
In a first variant embodiment, a said beacon further
includes an additional device suitable for detecting the
25 movements specific to the ship and for triggering
activation of said electronic calculation unit to perform
the processing of said steps 1.1) to 1.3) and 2) by said
beacon and the other electronic calculation units of the
other beacons of the same tank and of the other tanks of
30 the ship or flecating support, the triggering of the
activation of said electronic calculation units taking
place from a predetermined threshold wvalue for the
amplitude of movements of the ship, preferably a value of
the angle of inclination of a wall of the hull of the
35 ship.
The additional device of the inclinometer or

inertial unit type serves to detect the movements



I n anot her enbodi nent, said electronic cal cul ation unit is
suitable for being activated froma neasurenent 5 of a threshold

val ue for the anplitude of acceleration (g) as a function of tine.
Advant ageously, each said beacon is powered by power supply neans
consisting in a storage battery or a supercapacitor, or preferably a
lithiumprimary battery, 10 powering sais¢ vibratory accel eroneter,

el ectronic calculation unit, and transm ssion neans, and preferably
sai d devices for detecting novenents of the ship. Al so

advant ageousl y, ss&iidipovercheupply, mRansad uolherpidetlnge yawSeaberk
effect thernmocoypl.e Lp.which the cold 15 junction is installed

bet ween the col d internal wal | of the tank aad%sal d geacon t he
beacon constituting The"HaFT| GHIIEF0f 3 F8FHRTARER0UPTR *oSai d

t her nocoupl e seindlwget @nhg@qiéﬁa%@laé davientiosofttianiéng| t3hef FPVEHENESI ng
sai d beacon sandspeefrerabd wheoshigwuously rechargi ng a said 20st or age

battery or Supercap%ké%artlcularl %9&%@&&&%%9%&@% Said
beacons are secured to the

t he shi or. t
O o TTeREr i e Sl 4opfm s Paat B henelsat i,
hul I of the shiprHaerngr aumrélea%\/alldltofP1t¢f@r251hLﬁ‘41ta§3a¢ dobeacons
bei ng situated d¢rdrmenpixh@ tyl0fangener & efdsaiadll af gmet AOkL &lf 1ts

| ongi tudi naly engs, sﬁ%o&d'ﬂgawn&tsf&%o?@a %9&%&%%58% Q,falﬁé' Bing
beacons: eacons_are posLtioned ﬁ%?m n hedr al angl e

formed by the c%rrr?g}sa%%]tw&a‘é\ Y&t §a1 P36 BT Fu ?"h%ﬁ 1§’1 i8S wval I, a
vertical transverse walte ldAdralaEdivei hg Wal Veoficgdi-d | arge tank or a
tri hedron formed byhwehglsaaasbpfstateei tidgewdd @hsamdd veayge tank

that are di spos§ t%'%g&ll@fd y Lehad 'w‘i‘EEEQ ten%cga%ﬂ%rtmoﬁﬂﬂu% t:fn?nsver_se

vertical side wal sal - sal d beacons are fastened
to a said vall %‘gﬂr\ﬁ@iﬁfdlﬁwgt 6me3§nsaafﬁé§. wp lgng In contrast, as soon

as potentially critical conditions arise, the calculation

f or

unit then analyzes all of the information coming from the
vibration sensor and performs signal processing, with the
results of said processing then being transmitted to the

20 centxal supervisor in the event of at least one of the
predefined thresholds being exceeded.

When a beacon is activated by its own inclincmeter,
it is advantageous to activate the other beacons so¢ as to
be sure that all of the beacons are active. By acting in

25 this way, there is a high level of redundancy for
activating an entire system of beacons, since each beacon
is normally activated by its own inclinometer and each
informs all of the others as well as the central
supervisor whenever it enters into action. Thus, the

30 risk of having a beacon that remains on standby is very
greatly restricted.

In both implementations for activating the
electronic calculation unit as described above, the term
"activating the electronic calculation unit" means that

35 it was previously in a standby state and that it
automatically activates itself so as to perform the

processing and the transmission involved in above steps



12 each of said beacons conprises a container serving to confine al
of said vibration sensors, the electronic calculation unit, the
signal data transm ssion neans, and preferably the additional
detector device, said container 5 being fastened to said wall and to
sai d power supply neans. Since the beacons are installed in a
potentially explosive atnosphere, they nged to satisfy strict

st andards known as ATEX standards. These standards 10 defi ne precise
constructional arrangenments in terns of electrical circuits, sealed
contai ners, power drvebl s 0K tfansiTiss St daho NI @ Yeady Oz@ditve@bad, byet C.

., for ensuripg 4 Q@Ec%ﬁgagglaﬂg%ghg thatsguns the risk of
and t

igniting a gaseous environnment, us aof creating an expl osi on.
15In a particul arly ‘2daHt g SHRCEMEBHI M, er%ﬁ‘if%‘ﬁF pcallscuiﬁtjochH

met hane t anker wyide isr awsisdre Eén pedoavartizdtedtfigoa &|nmsiumgnettor age
spi p tlhat i S an@hf@t edrathdad kxeee Imciat;l.h@rs,(ljrlnpilmmnghaic i} &c!El*ﬁe]feir]l?l:i(f]lg | evel
of at |east one it S .erm ned as a function of the
roughness of 20{%%aﬁi§u# |§O%o%€§%§%[ as. detected and cal cul ated by
a said device for defERRTIAGOPPHGI FAFBuThitedEacCn 15 RRESIH e B mMOveT

i nvention al so prplivdesars methoskioglh det®cttiongae dughressrok the |iquid
within one or nogRt-apks:r,dosiferetabhe a nvemhin0Bridhdie, Batbod,
compr i'si ng g5t g, [QLLOW NG, SUECESSIY Sl B8 hotor, caddeRELEOrM N sai d
signal processinhg, préeferably after activating a said electronic

cal cul ation uni ‘E%\M"l‘éﬁtf?i‘é Wovenditt CERPEHE SLAP pPRe@Echddd PTEAFERNS d
val ue; and said dePicererbordetraptsas dndveansns s ohe ofhival ues
obtained 30in step 3)sbraMasdbfetAst r & poRb€ Whdbi Mmdsist thfr@rsai d
central unit. snci GLNersGRALACIElice! | £5a0d,alvanl goes, abelloa
present invention appearEBetter on . reading th ?o_lomnn escription
nmade by way2of HEEH-PRi 1§ AgstrtirRt PEEYET gﬁ‘ﬁ S WiPheF ¥ eBht Pt o t he
acconpanyi ng drévwe rngsk amd whiiéhbeadengurle behsom conesstgEoyi ome drd
front view of ajfd@abhngs sher eger@Rdupegdashi b caldaBcohie 6ESRg f or
13 storing and rgg%%gggégglkgg% chk%%%ﬁm%ﬁth<9§VE%S§iEPra9 tecting
liquid free-sur?a e novenents within the Ak 5 of "sal ffoa i ng
support that preRaisaad \REPEFERPLYS SORFUHURAY TeChrEetzthgurasd

20 storage battery or supercapacitor.

In a preferred embodiment, said beacons are secured
to the deck of the ship and/or to a side wall for
supporting and insulating the walls of said large tank
inside the hull of the ship facing a side wall of the

25 hull, said beacons being situated in the proximity of
corners of said large tank at its longitudinal ends.

According to other characteristics of said beacons:

- said beacons are positioned facing a dihedral
angle formed by the corners between a vertical

30 longitudinal side wall, a vertical transverse wall, and a
celling wall of said large tank or a trihedron formed hy
two planes of a ceiling wall of said large tank that are
disposed angularly relative to each other, and a
transverse vertical side wall of said large tank;

35 - sald beacons are fastened to a said wall by

welding or by adhesive; and



5 Figure 2 is a cross-section and front view of an LNG tanker ship
fitted wth devices for detecting liquid free-surface novenents
within the tank 2 of said ship, which tank is of octagonal section;
Figure 3 is a plan view of an LNG tanker ship 10 having three tanks
fitted wth devices for detecting liquid free-surface novenents

wi thin said tanks; Figure 4 is ajgross-section in side view of
the bottom portion of the tank fitted on the right-hand side with a
liquid free surface detection device that is 15 powered by a Seebeck
ef fect thernocoupl e; each of Fapuneadénshomsrosdettacbnofinkheseeringe of

Fi gure 4; to conﬁ.lgé”aql5ojf Ssaa.Ldplf@Qra\ei%W Qénéo%, LH% tqug&cjﬂltct ed

with liquid free-surface novene detection devices of 20the radi.o

t
transmi ssi on tygE.cutation uplh thegsigngyl daka (HaRFmoPs 1Mo "ERRS 1 4fiks
fitted with |igeiaferpbbyr dinef aéddl rhvvahetrntedére cddvdnedesdidesortrimear e
connected t g ong:idgotheferaaded osdibewdrl dga b ddie bk sugpay W red
llocal network; Z5oFigures 7A and 78 show details of the operation of
"sl oshing” detection devices respectively in a wreless versjon (7A)
and in a version th3t"fs C6nhekies £6° a“%l/ﬁtﬁéheq olaf PRtSROrRIY7B) ;
Fi gures 8A and &Blshévie atmodehede,| ichey drdedebo 3Bisfacetnioenent s, or
"beacon", basedstmhdapforiRinhoRs agEACEBdrRGrabt h e e SHi daraywn

MOVenents; 1, g.esRLONEES QA AN OB, show grg%@ge o2hibrd Q.%&gnggoé I qui d
t™d t eeba in

free-surface novenen etectl on devices on SIS O ormatl on

associ ated wi t FPIFTTGYERT TG4 SE d SGRYFEEOEP35 <y ePRETT HGVERY 17 qui d
free-surface novemspissionFifgomes ra@ho andehfB sttow a. noderoénsuring
triggering a demifzenbospLHat ephdetG khawidinkr egs SUkase i@ erRnts on
the 14 basis of, Jf.or IR Anass 0GhLat 8 Mt L8 :ARPSRATR0¢E: 0 .2
15 In a particularly advantageous embodiment, said ship
is an old methane tanker type transport ship converted
into a floating storage ship that is anchored at a fixed
location, in which the filling level of at least one of
its tanks is determined as a function of the roughness of
20 the liquid it contains, as detected and calculated by a
said device for detecting liquid roughness.

The present invention also provides a method of
detecting roughness of the liquid within one or more
tanks of a ship of the invention, the method comprising

25 the following successive steps:

1) performing said signal processing, preferably
after activating a said electronic calculation unit when
the movement of the ship reaches a threshold value; and

2) performing said transmission of values obtained

30 in step 1) from said electronic calculation unit to a
said central unit.

Cther characteristics and advantages of the present
invention appear better on reading the following
description made by way of non-limiting illustration and

35 with reference to the accompanying drawings, in which:

+ Figure 1 is a cross-section and front view of a

floating storage and regasification unit {(FSRU} for



phenonenon of the liquid free-surface novenent type; Fi gures
11A to 11D are diagrans relating to the acquisition and the
processing of a signal by a fast 5 Fouri% transform (FFT) at
different stages in the process of the invention; Fi gures 12A
and 12B are diagrans of the signal being pr ocessed by a power

| d PS diff, h f
hvent§on:  anth oIS A e  PAAVAE 136 BT h e Bt CERECSF Rl

bei ng process@%itetgtﬂeng grigugy §peet$atfde¢13m\§en(eESB) wathdhf £hechamk 2

stages of the,proceese 1fathing SO¥EBLE OPnafi ML nkd & 098815664 Q0
of an FSRU type ship 1 that is anchored by lines |Ib connected to

wi nches |c, 15'%ei HWIuéGrover an oil field and receiving, via
pi pes (nos shown),- dgasyurening sf aoarusnslfsaﬁacwelalndﬁefadax saed gASan

bei ng proces Iy I Q
tenperature Sﬁﬂ: %h % If??)%%é ‘QH 3: orm BHQtQEtEi}g gﬂ%& e
to being tran%lf%?‘rséﬁfﬁWeZ@Wfé@ﬁaﬁé ‘t-’h‘!‘sffRJéP stft%étanéiré gSedaigdrship,

transporti ng aich gask Stsi ble batg glua;d d&¥tiod;0 users. The tanks 2

are in the formof rectangul a IIe pe entl avolurre of
24,000 n8 having a FigRof 3 Yfg%) o’?d 581@1'% SRES “heiht of
30 m anti0t hdwaxeﬁnms:thrmmnﬂmyfmeae@ witlPSswdeed 60ro0detedtifihe ship

is fitted wityy dey %ésﬁ%&a@@tﬁs{réﬂ&ﬂé %tdufr{ egsguLhags; movenents,
also referred to bel ow as "beacons' i ndeed as "sl oshing detector

devi ces” of the invémdiss, 4 18 af%ﬁ?s%\ﬁ%?te‘:%“ HEaSdAs BidWspt ubi®d
cl ose to the morueer @oaftlbheotfanhs Binkt hti 3o re tthel rabhendsndfside

t ank | t t | k. 4 d
o down.  ne T i o eC kBt sRELREL et il LRT g g0 an
t her nal 1515u|£§%"i‘?3fr?ds%’t EmS2abeE Kt AELRA K IEINOS@USR St he i ght or

starboard, both hi.glrigmrandal gnolewn dérsdide dhenubderits 86 contact
with the vvaII 2a- 1 qlf the thermal insulation system?2a of the tank 2.
15 I\/bre r?rem sély, the beacons 5-1 are positioned in the
proximty of: - Elggirkedr ab- &ophmgvica e $wad LilGekanks fitted

l'ongi tudi nal side Mepli i2fr rBBEESr Bald BRSHEISR B tBbh d8viedd of

20 the radioc transmission type;

+ Pigure 6 1s a plan view of two LNG tanks fitted
with liquid free-surface movement detection devices that
are connected to one another and to the bridge of the
ship via a wired local network:;

25 - Figures 7A and 7B show details of the operation of
"sloshing" detection devices respectively in a wireless
version (7A) and in a version that 1s connected to a
wired local network (7B};

- Figures 8A and 8B show a mode of liguid free-

30 surface movements, or "beacon", based on information
associated with the ship's own movements;

- Figures 9A and 9B show a mode of triggering liguid
free-surface movement detection devices on the basis of
information associated with triggering a said device for

35 detecting any liquid free-surface movements;

- Figures 10A and 10B show a mode of triggering a
device for detecting liguid free-surface movements on the



5- di hedral -form ng bottomcorners 2g where the bottomwall 2h neets
a longitudinal side wall 2f and a transverse side wall 2g at the

| ongi tudinal end of the tank. The tanks 2 are secured to the hull 4a,
4b via 10 carrier structures 11 of the netal beamtype that are
uniformy distributed and that provide a connection firstly between
the surfaces of the outside wall 2a-1 of,,the covering 2a of the tank
2 (itself secured to the walls 2f, 2h of the tank 2) and secondly to
the inside 15 walls of the hull of the ship. The beacons cl ose
to the top cornegsis2dfalefPpastidOredoeider woth the dpsdkardacefof ke

fl oati ng suppor Ln I i_t.udi I I a-1 of

the insul ation %@%r%@%ﬁ%géﬁgﬁ% h%iqsulqge%v% ItSHgEQ%Jf @kgﬁ%ﬁlt%%' 20t he

shi p. The beacohs9&iFuated ¢ 'o8e? D A AT HYt C6MPETINEPS Yy are
preferably situatadsagadmsindatke deopabsir@act ofsidnelilmsl dekbon system
2a of the tank 2ouriskderdh&ohul {Frandat agifrgrehs Sadeswal ltndb. 25The
operation of t ﬁp&ggog@ i 9g5&1d;Red in greater detail belowin the

description of e 1 nvention, ‘?’he free surface 3a of the liquid

met hane (LNG) within FLHESEnk22 3¢ JRerR AY2S1athoEyt i GdAnas a

function of thebsvng phecdssgdi Uy fa epwsurdfr@cerad dsusiited(®9p) 38t he

swel | ,dt he whnddi@ﬂag_ehbestﬁg@gem el pAG- B bhecrsNi Rvetdnider; Q@&)rd o

e andveder conh gy LMSyPUSBIENS e EgeSe, dilend o

waves breaki ng BYaITBECSHGMAY 13 e35¥HeFPeSFTIh§iear i wheFSAnhctor ed,

the ship i s subfeticgdnte® Segesoriitheomsycassert sl Epvenrioent , and

w nd, and the conteptgefe tihesvard Qds -tadtksni ¢ therekgrg,szubhgetied to

16 that is anchored by lines 1lb connected to winches lc,

15 being installed over an oil field and receiving, via
pipes (not shown), gas coming from undersea well heads,
said gas being processed on board in installations 1d so
as to be cooled to a temperature below -163°C and stored
in liquid form 3 in tanks 2 prior to being transferred to

20 methane tankers that are used for transporting said gas,
still in licguid form, to users. The tanks 2 are in the
form of rectangular parallelepipeds presenting a volume
of 24,000 m® having a width of 20 m, a length of 40 m, and
a height of 30 m, and the largest tanks may reach or

25 exceed 60,000 m3. The ship is fitted with devices 5 for
detecting liguid free-surface movements, alsc referred to
below as "beacons" or indeed as "sloshing detector
devices" of the invention, i.e. four wireless beacons 5-1
gituated close to the corners of the tanks at the

30 longitudinal ends of the tanks, respectively on the left
or port, level with the deck 4a and low down inside the
hull, in contact with the wall 2a-1 of the thermal
insulation system 2a of the tank 2, and on the right or
starboard, both high up and low down inside the hull, in

35 contact with the wall 2a-1 of the thermal insulation

system 2a of the tank 2.



continuous excitation fromsaid swell, said current, and said w nd.
This causes a kind of confined swell to formwthin the tank 2, which
swel | rebounds against the side walls 2f and is therefore reflected
while retaining its 5own energy, i.e. its period and its anplitude.
As a result, the surface is rough to a greater or |esser extent
dependi ng on sea conditions. Swell as rgfg ected in this way against
the walls reconbines and may then tend towards states of decreasing
roughness when 10 reconbi nation takes place with a phase offset, or

t owar ds st ates of iNﬁfé&ﬁkﬁ@séhﬂQhﬁéSBeMﬂﬁ@ secaili pasitdrnkakas pl ace
in phase. cH S oxen, the ship 1 is subjected to external swell

10, whether com ng fr e_high seas, or to W nd, or

currents, the roll, g?%ﬁp Na m%ﬁ%&?°ﬁ§3?egg‘ﬁﬁm§u? mﬁ%&éhﬁﬁ?s of
t he ship exci tesatdﬁeWhiLhLﬂfdmfeﬁé@ %t;rrﬁaé‘een,s@nﬁa@me@lﬂn%h@nﬂank 2 and
resonance phenonena -caihddian-ecaumgWbbhidh sartedsank, wiasreathesul t  of

the way in whic ﬁbttt%ﬁ.s %glv%hdﬁé&{%]%e@o duaRher r@d‘eeﬁéip'&% ggaipst the

20 walls of the tan ese enonena, can be viol ent. an
lead to a risk OFPRGYREGR T6°t el syét @% 5 lP‘é?Ja‘i%lH@ amf @onfii ng
the |iquefied gemk.These phenonmena do not occur in storny weather
only, but can al SO @euUfar@¥eD 4re Rderad aoc2bhaaaiinesa, stwowld certain

par anet or s ,3ssoclatieg MELALDE DANBY! OF lcl Mol Bl NaShape of its

tanks, and the Tevel sal d are f] occur
t oget her . %Prﬁ%ﬁérﬁsérlﬁufter‘jaﬁ%e‘f% SheYide e F%F%Pﬁ ude,

e.g. having a sfigmitflicletiweleni gin sHyfacds 258 hpe angecilatwrd 130aik oL
particul ar peri@ds coleflingl 2a 8t S2ORESk (5)(it el s&cuﬂécﬁ&%nt:ﬁe no
danger when thew%%@farﬁf'ﬂ' L OTe 8HPL Y ar séé‘&%‘ig alk ﬂ gﬁ% ate

filling |evels, sone precise value, e.g 7%to
resonance eno‘??elﬂé ﬁfl?heaﬁﬁghro%ﬁﬁérs}é’t&h particul ar condl tions,
| eading to 35 t he | Thaikkagasscarye behehd figrderypereusd yarien a manner
that nmight |eadsddatsuréd diraakidg tver Jeod akept |dhd P16LS0RABGEAGAI NSt
the walls of tI%%‘%ﬁgg'aé%yagtbgefgﬁaﬁﬁudgﬂgl side wall 2a-1 of the
insulation system facing the side wall 4b of the hull of
20 the ship.

The beacons situated close to the bottom corners 2g
are preferably situated against a side wall 2a-1 of the
insulation system 2a of the tank 2 inside the hull and
facing its side wall 4b.

25 The operation of the beacons is described in greater
detail below in the description of the invention.

The free surface 3a of the liquid methane (LNG)
within the tank 2 is generally slightly rough as a
function of the way the liquid free surface is excited by

30 the swell, the wind, and the current acting on the ship.
Under poor sea-and-weather conditions, this roughness can
increase and lead to large waves being reflected on the
walls of the tank and can lead to waves breaking against
said walls.

35 When sailing or when anchored, the ship is subjected
to sea conditions, i.e. swell, current, and wind, and the

content of the various tanks is therefore subjected to



can then |l ead to damage or even to destruction of the confinenent or
i nsul ation system thereby putting the ship and its entire crewin
great danger. The strongest novenents and turbul ence tend to 5
accurrul ate in the vertical corners at the |ongitudinal ends of the
tanks, and nore particularly the severest inpacts are created in the
trihedrons created by the ceiling of thggtank together with two
vertical side walls, a transverse wall and a lateral wall. 10The
vertical corners 2d at the ceilings of the tanks constitute zones
where, when breaditigudoesdcaker plraceomthdideswslla shsk @frreaty atidol ent

Vortical walls aod Qe et Rg o he ek e o o
155-1, 5-2 are ft & Féotl?élllkygpl“ﬁ%gg ?"ﬁgtrlhéeﬁ?'ﬁ'ﬁlj\qnﬁ??”bgf/ §E?usjtfi§r ners
of the tanks. Frglrse2® 4 dscrliozrefosetiefierhedudh lantttiranisgigsl,
here of thesnethanentamkeri.kypess idhaliod Sardl ttedhuplll Budd.qQURE a
free-surface noy, re los%l%m%@%@&sd%g&& QU de, fe%%érz 13ess§r2 of the

invention, with t enonenon_here elng % own at ready

to break agai ns?Xtteﬁé Tl?ﬁbenc?rlg?h%n P&t CPUTLT8R® 2f e Eﬂél?%ﬁﬂéi
On the left, tolmpdhiis vawo agiriedteddet ypblhagconsingslang anaiynshert | ed on
the deck | a of tdia sbwixad Beseedbeacapsra2bcagmiighabsfigvay radio with

a central ﬁt}éper;}’éc%%u@a J]Q)r eherably 8. ReN$0Y hacs%ngygggt(PQ) W s

conput er, Is insta din the contro ation,. prefera on the
bridge of the sHigreswPt rﬁ“tcﬁﬁﬁﬁ”t?eéé’liﬁ]%neaﬁssHh%%rﬁﬁﬁﬁiﬂégrta}tﬁﬁnb’ia%ﬁdl o)
with the other bemsohs Bake.as expl ained below. 30 On the right, to
starboard, two w regdnbypenRaacnshdp2i alL subfédldsetdo adktdhaateasieiha of

the ship, theseldoe%EQE‘ﬁexC%gHFlg%gﬁto&nnghé’“}{}Bht Q% LS AR GRNLG a~!nxinc1 or

supervisor 6 via a conpute net

particul arly, tHe PERRAE of PEHEChi B s dAt's %‘?yanh%?c‘feagﬁﬂ‘élsu§§€tl on
with a ceiling waldnenbsleofuphefstarhere onttie temtidaFremldur2ec® and two
sl opi ng si de ceiddtB@ned8n the tank 2 and resonance phencmena can then

occur within said tank, as a result of the way in which
the above-described multiple reflections against the
20 walls of the tanks combine.

These phenomena can be violent and lead to a risk of
damage to the system for retaining and confining the
liquefied gas. These phenomena do not occur in stormy
weather only, but can also occur even in moderate

25 weather, should certain parameters associated with the
behavior of the ship, the shape of its tanks, and the
level to which said tanks are filled, all occur together.

For example, a transverse swell of low amplitude,
e.g. having a significant height Hs = 1.25 m, associated

30 with particular periods, e.g. T = 8 seconds (s) to 10 s,
presents no danger when the tanks are full or empty, or
indeed at intermediate filling levels, but at some
precise value, e.g. 70% to 80% full, resonance phenomena
will appear under such particular conditions, leading to

35 the liquid gas cargo behaving dangerously in a manner
that might lead to swell breaking very violently in

rescnance against the walls of the tank. Such breakers



wal I's 2e-1 goi ng down towards the | ongitudinal side walls 2f.

These tanks thus present corners of trihedron shape at their

| ongi tudinal ends, i.e.: 5- first triheSg ns 2d forned by a

| ongi tudi nal side wall 2f, an end transverse wall 2g, and the

adj acent sloping ceiling wall portion 2e-1; and trihedrons

2c fornmed b a d trans wal | and b adj acent cejlin

na 1o Doy 2 fer TR 6° Selae 8 £V o R P h o L bt h

ot her. mm;w_nm odetiaslilahifén gay eseV,A Eretkeb®, pubhtibeatibms 5- 1
and 5-2 are cohsliddH ad by fhecf Qké:@“iﬁggj%aed*%er. a) a

vi bration sensor 5a consisting in a vibratory accel erometer, nore
preci sely an accel BoRiroNnIespaBrEeRtnys JRb TG enre 8PfatPons as
a functiob ofa¢dummlated He adeeveraiconsc@rmdrd ke \hr abh@msu@inéine

wal | agai nst m %t{[e]:%e% %k‘;asgﬁ{?er%rThesﬁlvdukira% E{ﬁ\?\n? eg\_@ll of

the deck |l a on are’fas ene e assocrat
vi brati ons oflmEP?éJt\ﬁalal’”§ @P?eﬁﬁédt anpktle @firi‘c@ﬂqnszm@awépbﬂ’@l@ie by the

hul' | of the skdi iy Ufemboahhagwg@a@éﬁ witth it eewrekyl f asgened
thereto by a carrier structure 11, (gstructuretﬁlinsmts

vibration frdfitie alFadsv5refie s & & B LPHe Y8ihitp; nore
preci sel Y0 these dtcelverdietér soamer$ Redeaxihe acddliegenef etise kireovks

25to the permsséﬁﬂult%d z'oﬂetsh@héfé,hrdrhéh B e 13 okt abke SPce,

measuring |inear acceleration_in ee directions i n space,” and they
are pref er abl 5 éiSePokdE&r 8T oS he? IR Y- r%aﬁtlsvécﬁyﬁ’éln%atb%ﬂ‘bs%f
measuri ng accef ethat |tmhawebnashap@ed@§dreartdlmg thieoftwaetr@rt Dcfl NBdli nIm

value. In 30 ecrhet% glslfc[ ﬁeﬁf\/’“% aﬁ%rﬂ{‘,h'%l PP\ §,he<h?f&%h%%c&anner

t hese beacons are ain
f ast enedl by v%tldu r$g2onar§yaéaﬁ@§a%ously plaged g éh@cpr@mrelty of
cal cul ati on WHild 2 reewer bgi ageatémeg oprocessor and incor porat ed

?ggggy arge?ggé éé%&%; gigtsséﬁgggngg%tlon QM}ough Xopher Sﬁlp 1,
here of the methane tanker type, that is fitted with
liquid free-surface movement or sloshing detector devices

20 5-1, 5-2 of the invention, with the sloshing phenomenon
here being shown at 3b, ready to break against the top of
the port portion 2f of the LNG tank.

On the left, to port, two wireless type beacons 5-1
are installed on the deck la of the ship, these beacons

25 communicating by radio with a central supervisor 6,
preferably a pexrsonal computer (PC) type computer, that
is installed in the control station, preferably on the
bridge of the ship, with these beacons also communicating
by radio with the other beacons 5-1, as explained below.

30 On the right, to starboard, two wired type beacons 5-2
are installed on the deck la of the ship, these beacons
communicating with the same central supervisor 6 via a
computer local network 5d-3.

More particularly, the tank 2 of the ship presents

35 an octagonal section with a ceiling wall made up of a
horizontal central wall 2e-2 and two sloping side ceiling



19 wred beacons 5-2. Wth wrel ess beacons 5-1, said
transm ssi on neans conprise an antenna 5d-1 and a transceiver 5d-2
suitable for transformng the electrical signals provided by said 5
calculation unit 5b into radio waves, which radi o waves are
transmtted froman antenna 5d-1. Wth wired beacons 5-2, said
transm ssion nmeans 5d conprise cables 5¢y3 connecting a

signal -processing interface 5d-4 suitable for naking the signal

sui tabl e 10for being conveyed via said cables 5d-3, preferably
optical fiber cahllesze<corbingdiomnt Bowarder £Ae eonpdcddimat sidansfioem
said data of thg electrical signal delivered by the electronic
calculation unit 5b _jnto light signals. In a varl t enhodi nent, the
beacons 5-1, 5-2 15FREIUGERE dVieE PO dBPERT N g NV TERPS TFPPhe
ship Sc, in thet éharofleagirnditadoneder 1-6:9. of pendul ar type, or an
i nerti al IJnEt preferf&ﬁg¢ sdihailoast oA fdemned myniangotidiguaohsl arigke of

a side wall 2hit be, m%lenaftﬁa&%vépg@ 21108 I NGl Loatiy gcéytpport

20The devi ce Sc I's sult for trlgg]grl ng activation of said

el ectronic caléﬂPQﬂP%ﬁ“ﬁ&ﬁPgﬁﬁﬂﬁnp8 perfSrm t he processing of
said steps b.1) to b.@jiheddory Zsf Lonmed Mae@reraln@r@rﬁsmrherwﬂleégr oni c
cal cul ation unidss bbb ©fc euhetedeaednsndivall e mane tank cand ofe ot her

tanks 250f jphe ShiRg0s Jiheal LAAL 08, SLRAOLE oddie Eﬁélgger' ng of the

activation of sai ectronic cal ation unit ta | ace from a

predet er mi ned t hr eshidl VR 1@ ‘?ecﬁaltlhb“ anPrreudé 8rdt ﬁB@e%‘ff’Esof
t he ship, prefédr-dbeydab+Pakue forstihetethdlvetiod fioddpwirat iedameritst:he wal |
of the 30 hull of the sKiprasadd skhieshal dovaldtenbeina aibeddorgngl e

of at |east 5%ac%%;dne95r@t%ﬁ:abljn%ré %'r@&%élyl b a[cac%?grérr@tte% éQ;/%(ﬂl%' gk Ve

to the vertical t% an vi ew er S
havi ng thréé t a[?ﬁ?'Eu?l‘lg ez“%?“% %“T aoé’ﬁ%‘“d’dﬁ&l °§e’i:jtrﬂeohn e
35first tank 2-gkceferatiensefitof bdkenyiiatteds wift kheoeall against

which they are fastened. These vibrations of the wall of
the deck la on which they are fastened are associated
with the vibrations of the walls of the tank 2, since it
20 18 supported by the hull of the ship or the floating
support and is securely fastened thereto by a carrier
structure 11, which structure transmits wvibration from
the tank 2 to the hull la-le of the ship; more precisely,
these accelerometers are three-axis accelerometers known
25 to the person skilled in the art, i.e. they are suitable
for measuring linear acceleration in three directions in
space, and they are preferably accelerometers of the
plezo-resistive type, capable of measuring acceleration
over a range extending from zero to a maximum value. In
30 order to pick up vibration in the most faithful manner,
these beacons 5a are fastened against the walls to which
they are fastened by welding or by adhesive;
b) an electronic calculation unit 5b comprising a
microprocessor and incorporated memory; and
35 ¢) data transmission means 5d, which may be of two
types:

- wireless beacons 5-1; or



beacons 5-1 of the wireless type of the invention, that are installed
outside on the deck of the ship, at the 20 outer vertical corners 2d

of said tank, at its |ongitudinal ends. The mddle tank 2-2 is
also fitted with four beacons 5-1 instali®d inside the ship high up
between the outer 5 side wall |e of the ship and the outer wall 2-1

of the insulation coveri ng %g gf t he Lg%t ank 2-2. Finally, the right
tank 2-3 is fitted with &gl EGFE8S %°4-as in Figure 2, situated
respectively at thethowiredeser se2denonsSthe saltdsitdansatdsabnt headfour
corner s 2¢ whegg, ) fie LOSLARERALYBLLE Zid LfclhERalkingdl oi Bulboye
central wall 2-20F the ceiling of the tank, as shown in the sect]on
vi ew of Fi gur¥e® tree fgeviieds tg@reﬁéﬁ’% g LG Pre¥idaffaresald

nmovenent s orcah@aAcHi®n dnlt 5b2iate radialdsa i Wheehlediiechiiyed n
contact with the toutsi d% V\%| If 4a, 4ba19f Iglpe fp_i preferably at the
level of the Heck AL S50 TERIMp2Rs2ESHEWE i9F Fi'gure 2, or inside the
ship, e.g. in a gdlidhayired bhecspackt-detsmigh trlaasyilde vl hedbs ofd t he

ship and the J:c!}rﬁ:wi%tei anie%esqny génl‘?écﬁif}?g LeNG 5 '&ﬁwg%écgg§bﬁc‘ﬂ" in
Figures 1 and, 4-4A. In _any eventb thgeﬁdew ce 5-1, 5-2 for detecting
liquid free- stitfed@Sfovremanfiifarigctreddo thd NRaFt9BA 1WA AR S i s
I nstal | etlo | tfos Hedsicgenedvelyederigeshndicddllas byi-Bel dradebadler by

bol ting, or icgﬁiﬁgz%la‘%‘i%!%&aggi}%lsy Jg&gﬁiﬁ’e%)ﬁ'ac%h%it\éﬁfaéigsz%bé*ttﬁa&y
vibration of Said WalT 15 transnitted intull ta
transform said data of the electrical signal delivered by
the electronic calculation unit 5b into light signals.
In a variant embodiment, the beacons 5-1, 5-2

15 include a device for detecting movements of the ship 5c,
in the form of an inclinometer, e.g. of pendular type, or
an inertial unit, preferably suitable for determining the
roll angle of a side wall 4b of the hull of the ship or
of the flecating support.

20 The device 5c is suitable for triggering activation
of said electronic calculation unit 5b in order to
perform the processing of said steps b.1l} to b.3) and c)
of said beaccon and of other electronic calculation units
Sb of other beacons of the same tank and of other tanks

25 of the ship or the floating support, the triggering of
the activation of said electronic calculation unit taking
place from a predetermined threshold value for the
amplitude of the movements of the ship, preferably a
value for the angle of inclination of the wall of the

30 hull of the ship, said threshold value being a reoll angle
of at least 5%, and preferably lying in the range 5% to
10% relative to the vertical.

Figure 3 is a plan view of an LNG tanker ship having
three tanks 2-1, 2-2, and 2-3 of octagonal section, the

35 first tank 2-1, to the left, being fitted with four
beacons 5-1 of the wireless type of the invention, that
are installed outside on the deck of the ship, at the



the device 5-1, 5-2 with a mininumof attenuation. Thus, the
detection devices 5-1, 5-2 are so to speak "listening"” to what is
taking place inside the LNG storage tanks. 30The sl oshing detector
device 5 is either of the wireless type 5-1, in which case it
transmts its information by radio, as shown in Figures 5 and 7A, or
else it is of the wired type 5-2, in whigh case it transmts its
information, e.g. by nmeans of a wired 35 conputer |ocal network 5d-3,
as shown in detail in Fi gur es 6 and 7B. 21 In Figure 7A, the
sl oshi ng det ect @utedeveeeic@n ¢ 2di 6f GfaittheanM,r etesiss type 5-1. It
is constituted py, A lB{e8- axks, accel eroneter 5a connected at 5a-1 to

a calculation unit” 5 t he asse po
5super capaci t or or QBBaTJtdéaﬂ‘ﬁ SCh géf &f aaglsﬁ %hwxm fPraP$PIREEt er y
havi ng a very | onlg ingfatlade inThée ithtormet ihéghdlm ibeEdedr ¢ipe outer

cal cul ati ong peﬁag wadl wid bifnthdenial end athieoButly twadb 1-9 brFanisgri tt ed
by radio via a 19t£6f?r!;%%%!c¥§£ 2'%0' ﬁ fid th&E! 1‘,"4&1@239 a%ﬁ;ﬁﬂg}éw&%

10l n the wired beacon version 5- gur e acon i s

constituted by %M &8%axS éﬁc@ité‘FS‘rfé%‘%}‘r eéghEodrﬁYéS?%QBT 02§ 1P
cal cul ati on unifidlye Ehesitambby trsicrgtposler et thica £6dr Gdyypeas st wor k
type wired conngctinenodtkidie, TAed idtf @nabtduen cbhadrsr 6 Utteref e

cal cul ationg peéjh%%dwalﬁ]s"‘btf”& trhe 8@:{1“1%5 B—I‘gﬂ@' éex?é}a'lswall

transmtted to t l'an v] ew of
two tanks 2-1, 2% °fj thedfeit iphah tPSu‘farB‘or%%r?cht hnvﬁhreefsﬁgtél%pe
beacons 5-1, an‘dl@nefoﬁ’lqm Beacons 5-1a has just been activated by
t he 20i ncli nonet er dﬁgi@@,ﬁ@saf& tdheeef Bie 1comaIn-eat 85 thyeradio W th

the central supgryi gL, 6 %‘ndbg\éécﬂxealli ﬁf tEeaPé ek tQF&%P%En? s of the

two tanks in order to activate t sane manner ure 6 is
a pl an vi el of TECELY gk $oBEACt Highy F}E? é’d‘tafd"'f FELE $BurtPcBF ndts with

beacons ship, preferably at the level of the deck 4a of said ship
as shown in Figure 2, or inside the ship, e.g. in a
gangway, in the space between the side wall 4b of the
ship and the insulation covering 2a of the LNG tank, as

20 shown in Figures 1 and 4-4A. In any event, the device
5-1, 5-2 for detecting liquid free-surface movements is
secured to the wall on which it is installed. It is
fastened either mechanically by welding 5-4 or by
bolting, or indeed advantageously merely by adhesive, so

25 that any vibration of said wall is transmitted in full to
the device 5-1, 5-2 with a minimum of attenuation. Thus,
the detection devices 5-1, 5-2 are so Lo speak
"listening" to what is taking place inside the LNG
storage tanks.

30 The sloshing detector device 5 is either of the
wireless type 5-1, in which case it transmits its
information by radio, as shown in Figures 5 and 7A, or
else 1t is of the wired type 5-2, in which case it
transmits its infeormation, e.g. by means of a wired

35 computer local network 5d-3, as shown in detail in

Figures 6 and 7B.



5-2 of the wired type, conmunicating with the central supervisor 6
and with all of the other beacons via a |local network 5d-3. Wth both
types of beacon, whether wreless 5-1 or 30 wired 5-2, the node of
operation is the sane. It is described in detail with reference to
Figures 8, 9, and 10. In the absence of any novenents of the ship,

all of the beacons are at rest, on standfy, and consequently 35 they
consune very little energy, which is a considerabl e advantage for the
battery-powered w rel ess beacons 5-1. \Wen activated, each beacon
comuni cat es i ndi vi duakidure22aw fie shessitpeaytsiorcaepideLeiborb that is
preferably si tua.%eea%ogn £.lr1eofbrt%9%re§§ shapr 50 Fi gur g Lodtus Lhasor e,
sai d beacon sinmul taneous orms al | of -the other eacons an
activates them®\uf h¥Bez ﬁsa?%ee]ﬁrgmﬁﬁ‘fr PReEEISFEEdi #t 23T0dE° for
acquiring dat a, cprpdesspmandat 2, afg soamimivcheinugrowveted g entr al
supervi sor 6. superclaﬁad:_'itg:lﬂ 8r 8\ baattiyald, 0proferabhgagan thsusaused by

t he device Sc, 0] r I i hat is
;%_flr& ? VI\R ARI&L; QT LAp 1toh§| 11% Eméypfrh

responsive to t novemnment s. ais then
sent to the cen’tl?%ﬂrmé‘gb%? wegores &eg Sajr%&FGl%?SgrPéFf%B“idswéEchto t he
set of beacons the grderlawoactiivat>l themanGnecetedl bracohid siacai vat ed,
the three-axis 2460 ergn@ilkebassendstids wdahaad @nthenLalscul ati on

uni t Sb_whiigh procesgessd t.l0a% B! SU ALTBICLLIA] $:19:c 7n,

expl ai ned beI ow,_ an en transm resu
processi ng of tHeE SeGRAP 15y CPRSFITUESt B % (BEFYIRGF @cceé&ffameter
supervi sor 6 then gonoeessksoatl| cgfcuflheigatuaipi dkedhapndmelivhbeirar i ous

beacons 5-1, 5- ;;’ovaé&@di $1id rs@l:ef@f% hBtRoPOTbE Of 1 d6tJHiBe fde .
roughness stat e20 ﬁfa}:maet LA g f e%gléélrffr%%ecélf%\ﬁtlhglér%nlf)er@o %ﬁr to

det er m ne whet her c,«?g sl oshi ng
that is dandgi nttdnt Ree | F&F?‘é’tqnoﬁgltﬁ?el§ub’€’r1\ﬁ“§5\‘e%g‘ﬁr Eferably

enters the dat acgitclkédundr Iy t he vari ous beacons into a nat hemati cal
model 25 enabling ibﬁlgﬁréi@ i¥es Piadnotisg Fomandniacomendat fonsaf or
the ship in terc—?@ %pf&dr %”ﬁéers @i ERCH AL O JRINEL NGO 1, ana
elimnating thisr I% . ,
one of the beacons 5-1la has just been activated by the
20 inclinometer device 5¢ and therefore communicates by
radioc with the central superviscor 6 and with all of the
other beaccons 5-1 of the two tanks in order to activate
them.
In the same manner, Figure 6 is a plan view of two
25 tanks 2-1, 2-2 fitted at their four corners with beacons
5-2 of the wired type, communicating with the central
supervisor 6 and with all of the other beacons via a
local network 5d-3.
With both types of beacon, whether wireless 5-1 or
30 wired 5-2, the mode of operation is the same. It is
described in detail with reference to Figures 8, 9, and
10.
In the absence of any movements of the ship, all of
the beacons are at rest, on standby, and consequently
35 they consume very little energy, which is a considerable
advantage for the battery-powered wireless beacons 5-1.

When activated, each beacon communicates individually



In Figure 9A, the activation of a calculation unit 5b of the beacon 5
is caused by a radio signal 8b comng 30 directly froma first beacon
or by a radio signal Sc coming fromthe central supervisor 6, after

it has itself picked up data comng fromsaid first beacon. The
process of acquisition and transm ssion, as shown in Figure 9B, is
then identical to that described above w,th 35reference to Figure 8B.
Finally, in Figure 10A, a beacon is activated by a signal comng from
its accel eroneter 5a, which signal may 23 be caused, for exanple, by
a resonance pheparenns SfperbesdNGokpated of ERE: Sy base-rapen the ship's

own novenents aglecu%g'gglorp hlengleﬁﬂetlgg Howga%rg FIRY e gpent s of the ship

not being sufficient to reach hr es or tr| erln%%Sthe

devi ce Sc of th%‘rltﬁ‘@F‘i“?fa?mtgéfdd?ealcﬁﬁr?%“&’lltﬁﬂ??u%]ypé L& then
sends a signal 8e ptothéheészents andsapervwatssr tiien.ogbt flerbagcbhs Ehengnal
8b to all of tnﬁnpttheﬁs@leeeom d Mok dedr eqacting@terd heFocdfiEing

acqui sition andgtr %H&S‘%"g‘aﬁp (ie%s %%ﬂg\l\@eﬂﬁaﬁl tg%g I&;g,rlss t hen

10i dentical to ah escri ref erence gure 9B. For
wi red connections SdrnzFlgc“Pf@ %’r@“h’f’%‘ﬂfﬁ{ Pon? REACATL 1HESEFFDEY wi t h
reference to Fithe dsv8ce $c.antl 3@ tthalirappkeesor anerdiad cohhdweons

passes in knOWncHmNAST rdepoRY¥eve ttae cé rad pl ecaln Aot uaideHd- B #dmb
connects tqget her, gl | Qflst Qﬁ Pe&%}“&a&de thStxca‘a“tspﬁérél%%%r%"&%r 6. In

series, in'a star con
The processing ]Eﬁdlf’hél%fiadnﬁp Wtsi‘ﬁ“ﬁ ‘éP B'é’écéﬁt?ﬁ ?e?@%rfﬁ)\?vﬁ order to
di agrammat i cal |actimaEe guregs l1dndepalBeacon is dqtiverpdl tdperlhteecon node,

i.e. not during.sel Bc&épéﬁahegeﬁoﬁaugémtltetm t@stﬂ@&erlicbsgtiw ow,
when the beacon L A% % egrocees%esb}/t 191' L ngrdi_aib(iil ?:F;' npa{ntn%hl e is

exceedlng a glven t erce
explalned below, and then transmlts the data that results

from the processing of the signal by radio to the
supervisor 6. Said supervisor 6 then processes all of
the data picked up by the various beacons 5-1, 5-2 and is
therefore in a position to determine the roughness state
20 of the liquid free surface in the tank in order to
determine whether said roughness is in danger of leading
to sloshing that is damaging to the installations.
The supervisor 6 preferably enters the data picked
up by the various beacons into a mathematical model
25 enabling it to deliver piloting command recommendations
for the ship in terms of speed and/or direction for
reducing or eliminating this risk of sloshing.
In Figure 92, the activation of a calculation unit
5b of the beacon 5 is caused by a radioc signal 8b coming
30 directly from a first beacon or by a radio signal B8c
coming from the central supervisor 6, after it has itself
picked up data coming from said first beacon. The
process of acquisition and transmission, as shown in
Figure 9B, is then identical to that described above with
35 reference to Figure 8B,
Finally, in Figure 10Z, a beacon is activated by a

signal coming from its accelerometer 5a, which signal may



25i nclinoneter Sc, the calculation unit is aware, nerely by direct
measurenent of the signal, of the exact period of said
rolling/pitching, and thus of the degree of risk of novenents of the
liquid free surface being excited and anplified so as to degenerate
into sloshing, on the basis 30 of mathematical nodels of liquid free
surfaces within various tanks. On the basgis of the time signal shown
in Figure 11A, associated with said excitation period, i.e. said
rolling and/or pitching period, and using software incorporated in

t he cal cul ati onbdialusbd, ALRT ERAEHIEY PBE Dfredbnid@C @RShdgndheopaiHeor ned

depending on t Ny eqnl, g ALkoD, a2l i 9Balnip 2w move;lzgﬂés Aa FFT

servi ng to convert sald tine, s] % Intfo a fr ency S|

f(Hz), in a manf&t REtITEIRAG P 65’?’%?‘?‘ AR H”E’Hg °Grt of
si gnal processilming subfigipstper frtﬂanbdtlamd:hrsslwéldl fadaqgtleaerm%
5pul se si gnal WH deirt &d &d @50 GRc] indnetBaVeéNG nkevi dTarmBBi €ype.

responses, ,[:hes%ggg n %nbge&fs I agggenaqr n@g |th%n'§%111 JAde, but is

preferably centere out_ a freguenc ur es 11C, there

can be seen theSHHSEYram & t&%ﬁ"erlleér é’tlglbr? GGy gjs & Fﬁn%lt]l (S’tfl e
frequency 10( Hz9tleor besporsdingordspectdatelvpte otlpmoc e8is rgat el tsicgnal
by means of an ﬂ%ﬁ&&hgw&l&ﬂ;&;@@@sa;é &holvh| {1:erFiggroutisbas kgieund
noi se (Figype 186, 51559%! chiP 4 s 3l garb%%smoe@% @gf;%%easge' eration

after fil terl ng_an processi ng by neans reveal i ng
when predefi ned™ 5 RréShol ds Si, 52, etc., are exceeded. On the basis
of this FFT, a pO\ABFOSpeJGt@ldabOM‘I—SZiiPI}S (%@) theyZake isfagabktidmataed i n
the nmanner knomé&a&@&mﬂseﬂtﬁlgielfleg&ad'é"l tbheigiresi B, theahbeld of

si gnal processifg, l;giéﬁle%a'ts% {00 RLENArAR! Yo aha £ Sct-0 3,20 pact

type signal, where ife structure of the

shi p includng THE $HBSTIrEREt ?‘éa]oflefﬁ‘éﬂi éﬁR3a‘fﬁf‘tt REReTHE SOPPSIEE,
i.e. both | ocaldy afdtioydrakbns reesionhe iqegptsel ongpleyvasoutt.aifir equency;

the adjacent fregueaci 85 ARat haideihardMRNGSoare al song
configuration.

The processing of the signal within a beacon 5 is

20 shown diagrammatically in Figures 11 to 13.

In normal operation mode, i.e. not during self-
training adjustment stages as described below, when the
beacon is triggered, e.g. by rolling and/or pitching
exceeding a given threshold, e.g. as perceived by the

25 inclinometer 5c, the calculation unit is aware, merely by
direct measurement of the signal, of the exact period of
said rolling/pitching, and thus of the degree of risk of
movements of the liguid free surface being excited and
amplified so as to degenerate intc sloshing, on the basis

30 of mathematical models of liquid free surfaces within
varicus tanks. On the basis of the time signal shown in
Figure 11A, assoclated with said excitation period, i.e.
said rolling and/or pitching period, and using software
incorporated in the calculation unit 5b, various types of

35 processing are performed depending on the configuration

of said signal.



25exci t ed. An energy spectral density (ESD) = g2 x s/Hz type
cal cul ation of the kind known to the person skilled in the art of
signal processing is preferable for a transient signal, whether short
or long, since it nmakes 30 estimation possible by using an averagi ng
type process on the duration of the time signal selected for the FFT,
e.g. over At=2 s, as shown in Figure 114, Figures 12A and 12B
are graphs with the function g2/Hz plotted up the ordi nate and
frequency Hz plotted 35 al ong the absci ssa, show ng respectively the
?ur ve corr e)spondi NgThes Precessi swvihe & goaleby saansinef saglR8D |

Fi gure 12A), att r ngQi s Ll tering Ei.gure 12B).
Spect ral pomeraggxﬁé ? %ﬁéﬁggrgggﬁﬁeg baﬂ%hz'?ﬁiggga f%#t%ﬁg:ghnction

g2/ Hz in Fi gur 028, tP E® BFrEe ShrtedSt hat e FialEd® 1% gure 123,
and that extendsrdyesaeed tiseatwawse petharnédasnd, isandli Hralabigh tand | ow
EfsiDl tleri ng ki Mg sebsagichiFaith 1:ite1Ei geRsndSA iard AS3inal €e@r aphs of
plotting g . n i c ra u
mul tiplied by ﬁ?&nﬂg@ggg %‘%@’i"g%e%ébéﬁ‘?‘rﬂé siumad g 5 FE?{%%% ?%E%‘ﬁéﬁcy
Hz al ong the ab¥Eldsadet R CpiHtR*EFEDP e§e85?’feéﬂsﬁ Adt iy tEeauency-
respectively to theIsigimirebeliR) apootessatichy EESDbéFeaw 6he¢3A) and
?f t2 er b;iCkgr Oﬁrlﬂia@%hﬁeof idccerbreriohi g4y &s13Bpuncthenspeaieghener %Z
g2 x t) is then,re ent ed. i a on.
shown in F?L(Sur e{sh;ﬁg???e. .oggll?%hlteeggre !égl‘{[eeﬁgt L? ggrsotﬁg %%@%%%SQ |%3re
133, ext endi ng Vet \Re_H thwélncéFT/e‘,FlﬁHEe%%li and gger ne! Hisgh arf¥t ow
filtering |im tisackground Actiee t(Higugeghil) .haBideenlpP ocessddaguarhi n
t he |C?| cul St lt orgnm;itihgi ﬂn@q?cﬁm&%itﬁgﬁl%ft@Qslﬁ{itﬁqnébM,sibﬂzﬁ!l o
resul ting data | ransm r [Vj only in
t he event of nd%fﬁﬁﬁ?fﬁ%é%h%gﬁﬁ€afugg eingegéﬁggﬂeﬁaggf%ﬁgggﬁggiving
a result ag3shoFsPROEIYFle §2: £ he?ThEESRIFE for triggering
transm ssi on of dat antithd hestemi ahis g vasprwed speckefalndensisy
Iol | ows t t 23 gi Etthr)n by gﬁhﬁz cltﬁr Eﬁlclﬁfl%&@)@i ﬂ? tthﬁemaﬂlrmrt kﬁ@&r’ﬂ-tio) rtig@
ransmitted data n e _val u . O . eak(s 0
associ ated wt Wﬁrﬁggc%]ﬁ%éa%oﬁ i%e ?‘%gqbner%%(?le%%mﬁ%, thg%‘llgég‘t her with
the overal | speRiac&FsSifver TS rerEsam B PEGLeH7e 1EhaRMd 5r BR 3™ sai d
figure; 30@0 el swaby tiwe cienall wipeetsmh powamalagxcites the

entire structure of the ship including the substructure
of the tank and the tank support, i.e. both locally and
overall, resonating strongly about a frequency; the
adjacent frequencies and their harmonics are also
25 excited.
An energy spectral density (ESD) = g? X s/H; type
calculation of the kind known to the person skilled in
the art of signal processing is preferable for a
transient signal, whether short or long, since it makes
30 estimation possible by using an averaging type process on
the duraticn of the time signal selected for the FFT,
e.g. over At=2 s, as shown in Figure 1l1A.
Figures 12A and 12B are graphs with the function
g¢/Hz plotted up the ordinate and frequency Hz plotted
35 along the abscissa, showing respectively the curve
corresponding to processing the signal by means of a PSD

{(Figure 1234), and after background noise filtering



represented by the integral of the curve in Figure 123 exceeding a

gi ven value, i.e. when the shaded area in said Figure 123 exceeds a
predefined threshold value, with the data that is transmtted then
bei ng the value of 35 said overall spectral power, together, where
appropriate, with the above-defined peak val ue(s) associated with the
respective frequency(ies). 26 For,sESD having the result shown
in Figure 13B, the threshold for triggering data transm ssion to the
central supervisor 6 is defined as follows: either by said curve
exceeding a | i mMtigemre. 128)he Spéadralt pabed 2 tianashtigdebbetedelyng t he
val ue(s) of thetls?éﬂ%gggpﬁa'sgsszﬁewf&?@%tiwga $OGIARL AL W bE the 4,

correspondi ng frequency(l es) , .together wth the overall
spectral ener gy-¥s 3F&pr B8Nt 8 1R Che™ 68 Ha i YSFFf%e; 10
or el se by the lntercghl thpasrval @wekgyxis pefrdsehicd ang €he i nt egral
of the curve i ntHw@wieg I3Mhiexceedindgra. gi ven value, i.e. when the
shaded area in sai d_Fj e d fi t.hr esh 2 e;
the data that is traremit ot o nn TFo WaPe of Toaiageity ke
spectral ener gy*® ¢g&t REF L Akfer b SppFoptsEte O™ vi FREASVAIEELSY ¥ the
above- defi ned peal( shdadisodedtied fwethenrdy red peetticyrg finegueney (Hzes) .
Fi gure 12B showsichgStRg| &peaka Ofcneapust e exeardicbgrddipnpisgef i ned

threshol d AGr NXee QEL QYL &, %%Bt@%ggp%goegﬁgrgﬁ% g@gg ) Eggg e2

nei t her of i exceeds ‘the pre e enox, .
consequent | y dat® 9F&nsth's §PBP & RRSREMPEl "SiFefvi S0 ™8 i s not
triggered by thikigsirgnhiBir-el 8k¢ mpecoraheenpgaks(g?l n thesevieat of at

Ik_eazt o]pe pr edefdgiedchhseshol te Ziﬁltagi:@g &xeggdﬁd}cdmlzqsﬂ: ngsihe As\ha}nrhous
I Nas O pI‘OCESl | t t = n aO- , as
descri bed abovesﬂwir%tqﬁgg% elr%gr'lcjg'%'o%?h‘éﬁ%# gt E% tPéf), glg%\gcf%t %é ESD, all

or sone of Phe FEREPt $3%f R VAT G5 KThdESof PFocERS iTG* Pr éMEr abl y

all of the synctirohdus aresudbwvstofte30hdelimitee ki nds of processing,

are transmitted to hheccamer alg:BUPRRYiSOn Briedsseancatigmathag with
dat a com ng calculation unit in the three modes described above, the

resulting data is transmitted to the central supervisor 6

20 only in the event of maximum threshold values being
exceeded.

With PSD giving a result as shown in Figure 128, the
threshold for triggering transmission of data to the
central supervisor 6 is defined as follows:

25 + either by the curve exceeding the limit p,.; the
transmitted data then has the value(s) of the power
peak(s} P, associated with the corresponding
frequency(ies) F,, together with the overall spectral
power as represented by the shaded area in said figure;

30 - or else by the overall spectral power, as
represented by the integral of the curve in Figure 12B
exceeding a given value, i.e. when the shaded area in
sald Figure 12B exceeds a predefined threshold value,
with the data that is transmitted then being the wvalue of

35 said overall spectral power, together, where appropriate,
with the above-defined peak value({s) associated with the

respective frequency({ies).



fromother sensors, within a mathemati cal nodel that represents the
behavior of liquid free surfaces in the various LNG tanks of the
ship. 35By proceeding in this way, all real tine calculation is
performed by the calculation units 5b within the beacons 5, and only
the result of the calculations are 27 sent to the central supervisor
6, i.e. data that is conpact and can be jgansmtted quickly, unlike a
time signal which would then occupy the transm ssion nediumfull tine
regardl ess of whether it is of the radio type 5 or of the |ocal
network type. Thus, rFartisre hakgnalchavéng ta sdosatinori Sire= 1285 waul d

occupy the transmssi,08 f@d'g é}rméonﬁ’adea‘)ftr&ﬂé‘z&lés'lgﬁ cdhgLeas,d,ne
results of the IFFT, PSD, an are t smtted only if threshol ds

are exceed and SRRSFEVASTr&LFofe etdhéS P"Sf 0.1 s to 10 0.5 s,
t hereby very quickly eétleasbrgsaive ciransicesfiorr redinhg cand the
drastical | y sl i neddah@hbbeieneagymiarrauemdi ering tevheac@nsorsimce the

i n fraction of,Jgl beSREn 0K CONSUIMLLOD s o anh, e sai d

transm ssi on neans e cal cul’atfon unit 5b continugusl y. receives
data 15from t heC¥EHSBPEHY Sroeedsedies) dontinubidgtyep #ith the

di scont i nuousl yovestedi espédtriph ¢nergvneerrrairegentydy byabte ohered iansa
anal yzes the oveq &ldiabehqmiegr of the system mainly when the ship is

ei ther sheltered or else ]T%vbgagﬂengvgpalclal %X@ renhr& W thout any

risk of I|qU|d 20free surfaces novin us s Thi s
observation corTE&CEQ% tH the Jr“&IeF’?"ﬁjg Yndhe eyt Ehiigust tHe ship
serves to eval ueteeedhes bacikgrowrd ueoi See t waeni Shes gheddd @rea ithe ship
in the absence &fianygsignizhi eaedaDy pEiHeS i R4 tihe cbhéld dalt€f the

surfaces, | ddt Qﬁosessqugn%ltgg& ?%Séh% hi09.,.30d ({’__H“é% o define

t hr eshol ds such as descri erence to Figures 11D

12B, and 138, rVHEihgSPESHE TR POOUNSFFRTSTE PRES OHAd an HEP,
Over tine, thesehpredetinedit hresivoldsisfriaedi pémr(sadapicedated with

automatical |l y whdirRspber Gl evéatdnen (Uedit. 5a, which 30 operates in
sel f-traini ng mode ?’E&SJFE Il@&segﬁ"&\!sl % Qiggq%cbggk of value P, exceeding
the predefined threshold p,,,-

20 Figure 13B shows two energy peaks e; and e, neither
of which exceeds the predefined threshold e,,, and
conseguently data transmission to the central supervisor
6 is not triggered by this signal relating te the peaks.

In the event of at least one predefined threshold

25 being exceeded during the various kinds of processing
applied to the time signal of Figure 112, as described
above with reference to the FFT, the PSD, and the ESD,
all or some of the results of the various kinds of
processing, preferably all of the synchronous results of

30 the three kinds of processing, are transmitted to the
central supervisor 6 for concatenating with data coming
from other sensors, within a mathematical model that
represents the behavior of liguid free surfaces in the
various LNG tanks of the ship.

35 By proceeding in this way, all real time calculation
is performed by the calculation units 5b within the

beacons 5, and only the result of the calculations are



the results of the three above-described synchronous ki nds of
processing, or else nodified by the central supervisor after overal
processi ng over |long periods, applied to information comng from al

of the beacons, 35 where such overall processing is correlated with

t he actual behavior of the ship and of its |iquefied gas cargo. 28

[ Transl ation of the French abbreviations,,DSP and DSE to their

Engl i sh-1 anguage equi val ents PSD and ESD.] Signal filtering serves to
elimnate parasitic frequencies, in general frequencies that are very
low or 5 very higft tdhtise fdehtesl ngpsevies 60 eld.ndaas ecae- cal | ed

" background” nojgey.ck. fa tg ﬂglﬂngméétaasqﬁiaagﬁdugylwgf @ﬂ}(é ronment

specific to the shi resentation t al ned
qurh e &

roughness of th%lqr’ia&uwlalcfhr 8L rtheRe ORI e he T SRkSS 1 PS JtLi“buI ar
in terns of enefyhyl rOspecigeafleensift yhedigycettire ofi bhatmgdyo type
accel erations thatofatRe NRASUI REcWwTR 8SSOCI ahed, W thné heigiassessiat t he

moving liquid TLeg, sutlages-w thig,{ eoéﬁ%%fsth anﬁgrh%s%ﬁr ium

spectral denS|t¥ IS representatlve 0) ocal roughness of_t

e
liquid free surfacd®dFtdh Frehet 1%k "RSTHaS EhertfF15° spedtFat densi ty
is then conpar eleiSD,n an@gfsh iame Warsmpreetetood h@dlhn-’hﬁ@@lﬂ?l drgal ues. As
soon as a prededeideangs thieeshohdavabua i sheeaehadooro exeeeded, the

calcutationounig 0 PERLOS &R, Ik ;rfk%% geellsggm{gett%nt%sﬁngs;%

signal s repr esentl ng iat1on as a function of
t, but nevertherf‘"é%é‘maf‘i‘%ar %FFHW%Q”&%%%%%Q@SE% FECEBPHFY ng
t he above- nent i ohedief béda@misngssi@gsbe Biigndksctaiom phushaigdenansyi | abl e

inreal tine shawisigptienh var iaddony oficcceheraldion hdals.are specific

to the Ii qUid free The calculation unit 5b continuously receives data

15 from the sensor 5a, processes 1t continuously or
discontinuously, stores it in its internal memory, and
over time analyzes the overall behavior of the system,
mainly when the ship is either sheltered or else
navigating in calm water, i.e. without any risk of liquid

20 free surfaces moving and thus sloshing. This observation
correlated with the rxolliing and the pitching of the ship
serves to evaluate the background noise that is specific
to the ship in the absence of any significant movements
of the liquid free surfaces, i.e. in the absence of any

25 sloshing, and thus to define thresholds such as those
described with reference to Figures 11D, 12B, and 13B,
relating respectively to an IFFT, a PSD, and an ESD.
Over time, these predefined thresholds are either adapted
automatically within the calculation unit 5a, which

30 operates in self-training mode after internally producing
the results of the three above-described synchronous
kinds of processing, or else modified by the central
supervisor after overall processing over long periods,
applied to information coming from all of the beacons,

35 where such overall processing is correlated with the
actual behavior of the ship and of its liquefied gas

cargo.



25 surface as a function of tinme and revealing any risk of
potentially harnful sloshing occurring, together with the

accel erati on peaks that correspond to actual inpacts against the
wal | s of the tanks, or indeed to quasi-inpacts, i.e. resonances that
are growing and likely to 30 lead in the very short termto inpacts
that are harnful for the integrity of thg tank, and thus of the ship.
This information, once processed within the calculation unit 5b is
transmtted, optionally at regular intervals, to the central
supervisor 6 that thepadSfpiesessanecarteth bberdakaiand speehd ids t he

| ocation of the, Ittq’%tjgn&t?qﬁggg%?%ge &m]?gé gpgﬁrﬁlg&ug%gr_]and t he

exact location o e roughness. or ctual | s] i mpact s,
possi bl y al so quant PE§THg HHESEIRT SERURS P EhEVIRERORRTH E-Gher e
appropri ate. trequencixss .shiownengrali guemichtDes ttimtcate uieatyi bew prrocess
W thin the cal ced:at heghUNithigbr adeanhaogaouskycslefliResate spLusmlddy of
threshol ds, e. g"b tcl r&'ﬂz‘i&s I;ﬁ%&gé the %o&.(%%séhatthggsgzoéag€§}%§gu g\rN

whi ch the infornat nlstran_srrfltjt'eed on a tine basis at

and wi del y spac®W i RPBFYalPechitr dfovke \itlieh th&PREEFVACIBBtIReen two
transm ssi ons i shwhobteired] o€. ghe hahyedssssioicehd Hepeid Cres theiace
risk of resonangf:niReBRdaaKOCoMdarRgct Ntal 1M ghins 8a0edaghar nful
sloshing; aBd epecrran d885e0d 1respl d.82.abave. whi o Liansmpsi on
is much nore fréguent, e.g. ?’iverillnres nore frequent, and sai d beacon
is then consi de?& “ﬁ?s%‘?@gééﬁt?%o%éb%‘? Vid8r thG 258 H RA G PRy GrFt y
over the other bieaddnSresceurbageawithey thayveamot, ah§osxigaehedswsai d
threshold S2. gpectribeadmde,ofs apgratiincefe tdie theacsniasoexlakned

n detail above s Based.on.the Salculalien,unld (Sell- Lhakning over
time, said self-trarnin avi ng e erfec 50_0% nodi f yi ng certain
par anet er s i°n t fRESHRAL vERTE IEHCOT JERt EMRAA e hE CaReuF S dAthnit 5b

over the coursepmddetemeinebhébeegarldmesbress.are t hus predefined when

the installation isagtasd£ds0n HoAcdethtrcsntRredat BEMVALEY Over the
course of tine as a resul t of scglf-trai ni rigt.as 25tagunctfi on of the
El y:IS. Perrorms ar

. reaclhed or exceede the calcu OIT 1
overal | behavior and of the results of an iI's by the “varrous

beacons and by & cEherellY $aPEFRANSoFC 6-heTRAIMRYSn TPRF2TREEEPS are t hus
set initially atardensen viat ieveeVatardsn ¢ .. at fendthipestiblds bat e

general |y rat hefeJQWhe BéWL LReYr 18l ReR d4Pdat e bRuUL SR eakty over 30
time to val ues Crlhat ar.e re con t.ralgldtnlg and nore realistic, as a

function of theFeaf bEhaVISE BY" lloalﬁl FEESIrTales ad PArHE &% o
t he behavi or ofthufe™afie VAt leRbe i #eal THOS, shtERgt Hee ivFstariSion is
started, e.g. tde sshepetring timtharbosparifsai te npeali@ridi Skag speed
on 25 surface as a function of time and revealing any risk of
potentially harmful sloshing cccurring, teogether with the
acceleration peaks that correspond to actual impacts
against the walls of the tanks, or indeed to guasi-
impacts, i.e. resonances that are growing and likely to
30 lead in the very short term teo impacts that are harmful
for the integrity of the tank, and thus of the ship.

This information, once processed within the
calculation unit 5b is transmitted, optionally at regular
intervals, to the central supervisor 6 that then

35 processes all of the data and specifies the location of
the sloshing phenomenon in terms of tank number and the

exact location of the roughness or the actual sloshing



35 a cal msea, the analysis of the signals fromthe sensors 5a nakes
it possible very quickly and in various nore or |ess calmsituations,
to characterize the background 30 noise that is intrinsic to the
system and to elimnate it effectively when perform ng FFT type
processing. The main paraneters that are set initially but that are
allowed to vary over time as a result ofygself-training, 5 be that
over a few days, and then a few weeks, a few nonths, a few years,

i nclude the foll ow ng, anongst others: t he ranges of val ues
for the roll petiwedssofpddiebsii 41 dorigBhmaimal ugraraxbDiiadeabBedhd hat

run the risk of ;10 GL¥iNg fil.3€ a_tm%rlﬁgg:g%ﬁa_rmunts of nmovenent of |iquid

free surfaces, as a function nown Iing | evel s of the tanks;

of
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filtering the swighdh, thegetlhetaicnhunbt Hé pledefdoredsbhdeshoeds 31,
32, etc., when pandoisy g Ehfeand dsFFd, g ardo thresholéide energy or
power spectral |evels,defined,for 'i)gDsﬁ'}Félgﬁpw i-l(_:(?lggfl%lejr forfi€Sfon
36 et nodel of
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val ues, any.ris e ceci :
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data to pass over thearsdicnd( Wireihedd 33 pbobeadund Brddsmapsowrerist he
local network S5gich (Whs ed-c30eREAGORS Brvd) rikhbemehy dragidnedl dna
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only to concat enat e (é data tl m_t he si gnal processing
in order td°mak® AFelA¥ITDRS PRENRPVEM Hifd °FBehiRFECPR® Saptlath BF t he

shi p accurat e itifer rave grotabdst 3Bchheé dreklavhorshofldt . cargo in each
of the LNG storage tra8kfde of operation of the beacon as explained in

detail above is based on the calculation unit self-
training over time, said self-training having the effect
20 of modifying certain parameters in the software
" incorpeorated in the calculation unit 5b over the course
of time. These parameters are thus predefined when the
installation is started on board the ship, and they vary
over the course of time as a result of self-training, as
25 a function of the overall behavior and of the results of
analysis by the various beacons and by the central
supervisor 6. The main parameters are thus set initially
at conservative values, i.e. the thresholds are generally
rather low, and they are then updated automatically over
30 time to values that are more constraining and more
realistic, as a function of the real behavior of ligquid
free surfaces as related to the behavior of the ship at
that time. Thus, when the installation is started, e.g.
the ship being in harbor or sailing at cruising speed on
35 a calm sea, the analysis of the signals from the sensocrs
5a makes it possible very quickly and in various more or

less calm situations, to characterize the background



31 Al'l of the beacons, whether of the wireless type 5-1 or of
the wired type 5-2 are installed in an environnment that contains gas,

and they nust therefore be of the anti-deflagration type, i.e. they
nmust satisfy the so- 5called "ATEX" European standard. To do this,
all of the elenents constituting the beacons 5, i.e. the vibration

sensors 5a, the calculation unit 5b, thg,mans Sc for detecting
novenments of the ship, and the power supply Be are confined within an
encl osure 5-3 that satisfies the 10 ATEX standard. Only sone of the
transni ssi on NBISeSUEA: as ther idicotaniteNBgds &g, 1 anangb tehenhded

net wor ks 5d- 3, %gﬁqgéhne& Qlk‘%etr@i:ﬂm%%eﬁ'f‘c .%u oéés%iﬁgf The
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advant ageously of .the type ngl udi, %ngéﬂe t%o ?ﬁ ba%“n Ly Se, just

like the wirel €55 Deacons 2 I nsta e var ous
conponents in s¥UcTEn ATEX environnent is si rrpl i f| ed correspondi ngly.
Advant ageousl y, the-etectreopes covponenti®rothe heldabewidgsi oh thd t 5b
;Jsed for signalg tr%;)%%hﬁﬁ &Qﬂué?@;&ﬂﬁ@%@ﬂﬁ M%ngu@rtl{ehelik ofd f

ransm ssi i nterface. ne in a S or
the int erfg@es 2% E W re Feddoh s f\@ hve r?sent ggclolgm??r erge%ntl ng
| ow consunpt i onSU#HERSF n Fpér ATt o&nat \)‘é?c’ﬁ?’nl Bchlé’ﬁsh?ffﬂ%soﬁ ofP%ven

quasi - zero constamisi:on when in a standby state. Thus, the energy that
is to be supplied to the f@%@ﬁ&{@ ngﬁa{hdo@a%@svl @edi i Ratber es 5e

presenting a Ionag(l:mh%etlﬂz% afll%e?% %Elgef%% (igﬁlwgenttth & et| me

advant ageousl! y By h UM ¥“R
that exceeds tv@%Pr?ﬁ?@éle’?e‘a?lées ﬁdas%]enﬁlzy ¢l tthEeWé‘falF/%‘ﬂgabl e

that i s capabl eFrdf anén®eiRT;ngnéin 35 operation for several years, and
all of the power suppli&snigyaslvanlagegiiskyat ephacedisisatgnedd cally
on an occasion men Ehesship 1s inspected. 32
Together, these parameters in fact constitute a
20 mathematical model of the overall behavior of the liquid
free surfaces, and should the system lie within certain
ranges of values, the risks of resonance leading te
damaging sloshing might arise, whereas outside those
ranges of values, any risk of resonance is minimal, or
25 indeed quasi-impossible.

The beacons 5 represent considerable on-board
calculation capacity, thereby enabling only the results
of processed data to pass over the radio (wireless type
beacons 5-1} or over the local network 5d-3 (wired

30 beacons 5-2}, thereby drastically reducing occupation of
the central supervisor 6, which then serves only to
concatenate the data that results from the signal
processing in order to make deductions therefrom and to
give the captain of the ship accurate information about

35 the behavior of the cargo in each of the LNG storage
tanks.



In a preferred version shown in Figures 4 and 4A, a w rel ess beacon
i s advant ageously powered by a device 9 of the Seebeck effect

t hernocouple type that is installed inside the hull of the shinp,
between its side wall 4b and 5 against the insulation wall 2a-1 of
the tank. For this purpose, the beacon 5-1 is installed against the
insulation wall 2a-1 of the tank, through which a small-dianeter
orifice 9a has previously been drilled, e.g. an orifice having a
dianeter of 5 millinmeters (nm, passing 10 right through to the
primary or secondarwpitedt ithg weddon2, Wietm@rdof her aitdbrszDepbplselis

inserted in the,orjfi ltﬁs mehh@&%é t55209£9 SRS N 19 24 T Sl Dogifiact
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prefer abl y for wﬂcmu@umvymﬁetﬁarfgithg siipheand Weopagrr Isappkr ye( not
shown) or indeegra ctUpEiCARAChiOlan bn€losureaparidnat &f i@t ys giRAat

capact tanca, Thijf L0alde ot agdhy 3hatse SENCeAMEL; SONSUIDLIRA | S
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and al so in ordgf da@ntd ansekst i4 he daka, 7aMahb amy addi ti onal denand
bei ng supplied by BQLQe St rage. e ‘E%thea%%g' zﬁ%&%nse%' d battery or

sai d supercapacitor hi's arrangene resenfs t vant age of

havi ng operat i ofPH&ET | P&t F‘e‘ﬁ‘éﬁ}‘ FRITRBrE S Frace il Fy¥udSeni t ed
in time, wthow poegui semrgyanyHorEver edandecdurngigorhebd-3f ési ne of the
ship, naturall Yacaz'én@Et@é/&&HngoE heneebgetsnniceheprpQRent S doave fdf at i mes

that are compar §‘8’h£ ha&)%ﬁt!é’é%s'ig L ft%%' Eg%eOflnEESdg[SJH Bﬁe""h' ch may

exceed 20 years, resent
i nventi on, beacjdﬁ’é’raPEaEF'éiséFFb%ﬁ’ G- th‘egt\M:LllE? s f"ﬂrﬁ"ele?slbaﬁ%Pnéf t he

wi red type 28-2.5HachThts t Hesealimat yhesrgpresentapensnigivinadventaages.
Thus, W th exi sitpxdestiRsnchhei pMdiabessi seestMdbrondigBsents a 5
certain advantage, g§hpge 108, PRACOHE M & (Qhntd&AEEKAM s the
calculation unit 5b used for signal processing and the
components used for the transmission interface means 58-2
25 in a wireless beacon 5-1 and for the interfaces 5d-4 in a
wired beacon 5-2 are of the type presenting low
consumption when in operation and very low consumption or
even guasi-zero consumption when in a standby state.
Thus, the energy that is to be supplied to the beacons
30 can be provided by batteries 5e presenting a long
lifetime and a long charge-retention time, and
advantageously by lithium primary batteries that present
a lifetime that exceeds two or three vears. An assembly
is thus made available that is capable of remaining in
35 operation for several years, and all of the power
supplies are advantagecusly replaced systematically on an

occasion when the ship is inspected.



and each incorporates all of the required functions. They nay be
added to existing equi pnent and they may be secured to the deck or
the inside of the hull, against the insulation wall, nerely by neans
of adhesive, thus 10 avoiding any work of the kind that is generally
considered to be dangerous in potentially explosive environnents.

The wired version 5-2 requires work to ijistall a |ocal network
running all along the ship to the central 15 supervisor 6 that is
situated on the bridge. That type of arrangenent is nore particularly
suitable for new y- i ktp:SdHepSed exeribhoighnmt he mighebess avar 40 5-1

still remains very.,adyant ageoys AHI%%E?&’&E&' 5%%%6‘%6&? 3% B %Sidf3
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used in the beaco a and
the cal cul ation {rnlaFdSBh%? é 50%?1‘0&’8!1@ F nlsaﬁnﬁ?@@%au'ﬂée $r3fi¢o @t he
suppl i er Cegel echgtFrigacedld nuntsiquafge of ipr oduics Wawvhk ridre35t he

a eIerfence {BQCC ideneoNpONeRts1 SH- 2 rpeRfar Aknge r@@%ﬁpéf@aﬁ&m @ﬁ}on of
tﬁeasuz)gm ereASh}{é(E:jI;\E: cr’pa %OnﬁJ?maa’a %ﬁl\é%r %&?eénrce i%%e&gggll rI'(rjl?se
conponent s XConmiMEdrR dver S| SMCARdatticoBY AL WG FFP T BYuenci es
of 868 megahert zwq-oEzrnd 43B10WHze aamdt 3ndzn $iwstedmpvelngitli t h
legislation in wadiveus s ndushiérliszed aeaLntr t@peribiset ¥pe. ot a
conmponent I's of ﬁ?eggtuféngf690$8 to 20°C. This temperature difference
then generates electricity by the so-called "Seebeck"
20 effect, suitable for continuocusly powering the beacon,
and preferably for continuously recharging either a
storage battery (not shown) or indeed a supercapacitor,
i.e. a capacitor of very great capacitance. Thus, in the
standby state, since power consumption is practically
25 zero, battery or supercapacitor recharging takes place to
a maximum extent, and as soon as the beacon starts to
operate, the current produced is consumed in full in
order to process the signal and also in order to transmit
the data, with any additional demand being supplied by
30 the storage element, specifically said battery or said
supercapacitor. This arrangement presents the advantage
of having operation that is extremely reliable and
practically unlimited in time, without requiring any
maintenance during the lifetime of the ship, naturally
35 providing the electronic components have lifetimes that
are comparable with the working lifetime of the ship,

which may exceed 20 years to 30 years, or even more.



25 mto 1000 m depending on the nodel and on the environnent
(confined nmedi um or open nedium and presents power consunption when
transmtting in the range 10 mllianps (M) to 12 mA at 2 volts (V)
to 3.5V, with 10a standby consunption of the order of 0.5 m croanps
(PA), i.e. quasi-zero consunption, which represents a considerable
advantage for the lifetinme of storage batteries or lithiumprinary
batteries providing the power supply. Conponents of this type are

i ncorporated 15 in the above-descri bed ATEX nodul e 5-3. For
connections within tthecsdigresehendviarbeaceascaiL arbsdaldredebeimeen

the side of the,ship, 9954 Q@Fh'\l_ﬁf%% terleSw AAYARLAGEQUS T 0, iipsfeal |
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order to perforsedired tashe Basbfar ths insigeesertts behki tgwitst
suitabl e for properhyudediest kool t mr@yaﬁeab§n@foﬂ henddiski, prhas wel |

as the threshol ?éqgﬁi%g %Ayg%gfkngf st%l P?ﬂq:ggt e gteggaﬁ the

cal cul ati on uni uousl rgnal’s ¢ g fromsaid
mai n accelerone%%ﬁs%Qﬁaaaéﬂhéésd@H§¥EFFdﬁiﬁﬁée%&&Q£&V ﬁﬁ@éﬁéﬁ?s of the
ship and i n par¢acigbarentss roll and/or pitching 35 novenents, thereby

triggering, where a@aéqpixie@t Gerd @b@vlegq@%ggim@tBebogﬂmmfa |
acquiring, proc SSIn an ns n xanpl e,
f étwoéi gn g% ?h é%éﬁ%3§h%d%§ﬁ%¥°m@¥ % ng%éi

on a net hane tan er aV|gg up as four
LNG t anks, 1& wi F&%8gisple 6Hanl§ﬁ%FHPF%%CﬁTt@%éﬁléﬁethghéarH€%§ 2c,
2d of each of saof Griranksyergaid deaconstieilagly ovetedlenfor newly-

built ships, even though the wireless version 5-1 still
remains very advantageous under such circumstances, since
it completely eliminates any need to deploy said local

20 network 5d-3, which represents a considerable expense,
since such ships may measure several hundred meters in
length. In this type of installation over very long
distances, it is not unusual for the cost of the local
network to constitute 70% to 85% of the cost of the

25 overall installation. Thus, by using a set of wireless
beacons, installation cost is reduced drastically, while
also making installation easier and enabling it to be
incorporated in a gas environment with a high risk of
explosion that requires ATEX-standard equipment.

30 The ATEX standard is known to the person skilled in
the art and the components used in the beacons 5-1, 5-2,
and in particular in the sensor 5a and the calculation
unit 5b are available in an ATEX module 5-3 from the
supplier Cegelec (France) in its range of products having

35 the reference BACC. The components 5d-2 performing radio
transmission of data from the wireless beacon 5-1 are

available, for example, from the supplier ASM {Austria)



5t he deck 4a. Each of the beacons is preadjusted to process the
signals fromthe three-axis acceleroneter 5a in a range of
oscillation periods for liquid free surfaces that correspond to
swells lying in the range 4-5 s to 15-18 s. 10 The observation period
at associated with the FFT, as shown in Figure 10A, is then set at at
= 2 s, corresponding to substantially t cycles of the FFT for short
periods and up to nine cycles for |long periods. Thus, each of the
beacons 5 is on continuous 15o0bservation, i.e. it is continuously
acquiring the rnavesrenhs ftebbcshisee(1odly,. pirhedd R@mponenks but it is

on standby in teLiR.0 Pl aG8so1 a0 AUILIANSE 8ha Lo & ddhSncics
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network 5d-3. Wthin &’super i'sor, the resul s are concat enat ed

with all ofl5t heln e above described ATEX module 5-3
For connections within the ship, when the beacons

are installed between the side of the ship and the LNG
tank, it is advantagecus to install intermediate beacons
having the sole role of receiving messages and relaying

20 them further on. Thus, a message will reach all of the
beacons and also the central supervisor 6 situated on the
bridge of the ship., the messages passing from beacon to
beacon.

In the description of the beacon, a mode of

25 triggering said beacon by means of an inclinometer or an
inertial uvnit 5¢ is described, however it is advantageous
to use the main three-axis accelerometer 5a in order to
perform this task, insofar as it presents sensitivity
suitable for properly detecting the movements of the

30 ship, as well as the thresholds for triggering said
beacon. To this end, the calculation unit 5b
continuocusly scans the signals coming from said main
accelercometer and deduces therefrom the actual movements
of the ship and in particular its roll and/or pitching

35 movements, thereby triggering, where appropriate, the
above-described process of acquiring, processing, and

transmitting data.



synchronous or quasi-synchronous information comng fromeach of the
ot her beacons installed on board the ship, thereby enabling the
captain to be given a faithful representation of the roughness of the
liquid free 5 surfaces within each of the tanks on the ship. The
acquisition of data for each of the beacons is archived and processed
internally. Over tinme, after several days, several weeks, severa
nont hs of sailing of data acquisition, the various predefined
threshol ds are 10 adjusted either up or down nerely by self-training
wi thin the cal cul at Bgnwasidt bhamSai, doady usithend Saaker thwnAnyransm tted
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critical arkd carrlmwdetriwrer radnother calculations concerning spectral
energy are launched over the predefined cbservation

period 8t = 2 s. Thereafter, each piece of data is
compared with a reference by the calculation unit 5b
after filtering in the manner explained above with

25 reference to Figures 10C. If the energy exceeds said
energy reference, then an IFFT calculation is launched in
order to reveal any quasi-impacts and impacts, and in
order to classify their amplitude{s) relative to the
predefined thresholds S1, 82, 83, etc. &all of the

30 calculations are performed very quickly by the
calculation unit 5b, in a period of time that is much
shorter than the roll period under consideration, and the
results are stored within the calculation unit 5b in an
associated memory. Where appropriate, the results are

35 sent simultaneously to the supervisor 6 via the radio
module or the local network 5d-3. Within said

supervisor, the results are concatenated with all of the



5 circunstances even be advantageous. This |ack of performance in the
installation systemgives rise to a |large anount of "boil-off", i.e.
a large anount of LNGis classified by thermal |osses, which is not a
drawback in reception termnals but rather an advantage since the 10
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support (1) conprisin rans |ng or
storing |idaid 1Y) téﬁﬁsaccittlﬁfleﬂn ®pch &f (5§ uEF‘F%?i“Sgﬁereﬂfye s
sel ect ed from netaranéssisirhybendierpr eparreriane st ahe, laqed! eekwarksai d

large tank (2), 5d31’3ef§ﬁ3&|&érat§%cjd'1@f/iﬂﬁé ptraagflq{edp@hy@mahs or
cross-section, tQiated ?? A acﬁ}yisalttg% Zg)se%d%p%. gg ge size,
est [

with at least iTSs rrenS|o orlzon ection, in

particular its %]d‘ﬁllllatjo%r} REOGFE-er SHPRTIY- n§2if0 CBRetdr ABPSFIFPRg i n
t he range 2% m takeSO0anticndenctvalvume pddivesaidaietifed0e@frBeneai d

large tank (2) hfldddosepPorhedndashderihe hutlailsd) a@&aﬂta@e&mngf by a
carrier structure fgllg 4 anshl g}ln chaggé:{_g erl zqu | Nt hat

i ncl udes a pl urkati ty evi ctrn Jtqhe rou ahness tﬂ? of the
liquid within SaFPar g& f‘”&ﬁk(%)be%aﬁ‘ dlsdé\‘?P%%%e‘fbé’iYn@ I?%‘T’@PP%?FW@“

bel ow as "beacomsicof5, 5-1, 5-2), and conpri sing:

25 The device of the invention is particularly
advantageous for old methane tankers that are being
converted for use as a stationary floating storage unit,
either close to the site where LNG is produced, or else
in a coastal region as a reception and regasification

30 terminal. These ships of old design cften present
performance in terms of tank installation that is less
good or even damaged as a result of their years of
operation that may reach and sometimes exceed 30 years or
even 40 years. Furthermore, the propulsive means of

35 ships of this type have also become obsolete given the
poor efficiency of old engines, and the ships are due for

ship-breaking even though the actual structure of the



a) a vibration sensor (5a) of the vibratory accel eroneter type
suitable for neasuring the anplitude of the acceleration (g) as a
function of tinme (t) of the 20 vibratory novenents of a wall of said
| arge tank or of a wall of the ship that is not in contact with sea
water, said wall of the ship including the deck (4a) of the ship or a
wal | (2a-1) of the internal structure of,,the ship, preferably a wall
of a portion of the internal structure fg supporting said | arge tank,
sai d sensors being fastened on said wall outside said | arge tank; and
b) an el ectroni ghgalieubaililopeunédr1fShcdiabng. a el opsReessey and an

| ncor porat ed ”Eg‘{%%gh%é tab §a§ Oide!Eng&éoﬁfs”giLﬁ@é dch%' HQ eﬁ'ﬁlﬂ‘@%%ur ed

by said vibration sensor In or east m nat

t her ef r om backgrPundeHot¥e Hfiab°q's PEPELIFE =t B ttﬁl@ é’ﬂ?'ﬁ" é‘ﬁﬂmi 0

det ect the novesesitemofstig kcrguichli asd dears andet aregéatank by conpari ng
val ues of the stégRAins8SndH0EOss66k aAvhidayasay. W spLdeter m ned

threshol d val ues, figyqad. ahi Ctehghl%a%éimlmeéfs@;k LGl 1. Qukd,fge

surface (3) is considered as constituting a

def ormi ng and d:HEG AGOEH @fwaPP:l-248" Joe- 2 langr gEeyrk Pﬁn d§j on
means (5d) for ¢Yaasddied img tbarmhlsilgases.afvhéchiis hat debrwprogcassed
by said el ectrom@p@@bﬁwe&mlﬁawnjutt t Q1S HRCAW SREgOIsiGRBL 1 UNi t

(6). prefergpl %ﬂbotsge?Pré ‘1%%(11{.] Q% rﬁ'{&so taf§e ﬁet sg}e%f'kf)c}?‘iﬁgftéﬁ)a“ ng

support accordl beacon
conpri ses: regas%ystalied géFe]B?frO&ﬁl Ee%da”iD@uF'ét‘i%rlraBﬂr t°%SiiPt abl e for
perform ng the fddsdmmgitsilgnal lypriotessiangriteps ihOebasirstiig i n:

1.1) using a Fowv&e@* sEa@fbs{sornruﬂrh%Eﬁéla@l v18f nd@nEFTadRare bh trlﬁ§|
time to processsﬁ eea§' gnaﬁsat%lgfoé%'atql % xphénn ngai%deas measure q

acceleration (g) as
by said 15 4 br%scﬁtﬁ‘c%%léleé‘%}?et@reyl ﬁr%t”é’ﬁ a3 19eorgef2itlo e s &R at e
the variation | mtdreedipid tlodé wincactedercat hon (rpreas auffuncenton of

the frequency (Eare%tah@o ViiRhat &1y sWBYe f phigosdngnal mabht aknegd dia
oLt Over MR PP T () ot e sl oo,
denS|ty of the 1nventlon for detectlng liguid roughness makes it
20 possible to acquire rapidly accurate knowledge about the
behavior of the liquid free surfaces in various states of
the sea and to define modes of operation that correspond
to a high degree of operating safety, by managing the
levels to which each of the tanks is filled as a functiomn
25 of knowledge about roughness relative to the filling
level and the state of the sea at any given instant.
Thus, after a preliminary operating period, the
mathematical model is adjusted by self-training, and the
critical filling levels for various sea states are then
30 known. It is then easy to transfer LNG from one tank to
another so that if potentially critical sea conditions
occur, none of the tanks is at a corresponding critical
filiing level, thereby avoiding the appearance of

undesirable sloshing phencmena.



1.2) filtering the signal to elimnate therefromthe background noise
due to vibration that is specific to the ship; then 1.3) cal cul ating
maxi mumtime accel eration 25 values obtained by the inverse Fourier
transform preferably of the I FFT type, of the variation of the
anplitude of acceleration (g) as a function of frequency (F) as
measured in step 1.1) and after filterimg in step 1.2), and

cal cul ating the values of the maxi mnum energy 30spectral density (eZ2,
e2) and/or of the maxi mum power spectral density (PD) and preferably
calculating thecwas ral energy and spectral power val ues

respectively of; t er gy, ectral de sji.ty neasurenents and/or a
measur enent  of potjviver gpe%tfrla Hgangt g wor?ﬁ?ﬁrf%ngt%b 1885¢ ppepflpgpe
filtering in stepkli®) trapsgorting or storin}; 4)qudanpar chgstdabtedraxiamum

time accel eratiog,yales, and Sk g, XL T, Q“Efoﬁymétl?ﬁﬁ% raL:h Iee?xg! \}}aél_—loaane,

values 40 (Gel, e2) and/or said nmaXi num power spectra
(Po) and pref ePaBl §uteard copet ial SaéﬁeiLWEah@}%mébt Pabquc@wby avaYUe@lrlcal

respectively oftagskep poBlgoWhi Rrbespectiie predet etrh@h'ﬂ'ﬁq gg?écp (2a) and
val ues (31, emnx, Jn%g)& f fom whi ch 5t he roughness of the
e

surface (3) is°o TERE o Consthicrat iitg smalilskt &Fmﬁﬁ*ﬁglﬂ’gthe horizental
def ormati on or ddeécﬁ:l’lbﬂr atnl parttiousad deyalibin Alding greate3atkhn 20 m,

transm ssi Sui tabl for i,ng activated by said
el ect r oni cq?al uf aetrl(agg}u it? l§b ﬁan‘ieszgr ™ iPanS it B7hG EHiU8e nEbeRREn than

time accel erat ﬂ@nOQﬂatHEle§aiarﬁdarpe gfeekabd) ybsmgdsnm:)drnwnleaed@yhspﬁaur ady of
density val ues tﬁglshlgzgy @ngé le{'r%lr r@OY\ﬁI’) ,SPHEFCt [le%t ?:ncgslcgjgracterlzed in

(PO and nore preferably saird spectral energy an
val ues respect Fo#l yto@“sltué?ﬁ B. BYurad &ty Bifr davsees tiod @@eatmmwtthalrougmess

(6) prefer lg| Y o®nHehes hribdge n9f 4h8 ﬂyggm}]é;ﬁlhlsﬁctslagg Jet}gcé%ataglng referred

transmtte by aII of sai d beacons (5), sai d val ues are
to below as "beacons" (5, 5-1, 5-2), and comprising:

a) a vibration sensor (5a) of the vibratory
accelerometer type suitable for measuring the amplitude
of the acceleration (g) as a function of time (t) of the

20 vibratory movements of a wall of said large tank or of a
wall of the ship that is not in contact with sea water,
said wall of the ship including the deck (4a) of the ship
or a wall (2a-1) of the internal structure of the ship,
preferably a wall of a portion of the internal structure

25 supporting said large tank, said sensors being fastened
on said wall outside said large tank; and

b) an electronic calculation unit (5b) having a
microprocessor and an incorporated memory, suitable for
processing said signal as measured by said vibration

30 sensor (5a) in order at least to eliminate therefrom
background noise that ig specific to the ship, and to
detect the movement of the ligquid inside said large tank
by comparing values of the signal as processed in this
way with predetermined threshold values beyond which the

35 roughness of the liquid free surface (3) is considered as
constituting a risk of harmfully deforming and damaging

said wall; and



transmtted to a said central unit, preferably on the bridge of the
ship collecting the data transmtted by all 20of the beacons, if said
threshold value of step 1.4) is reached by at | east one of the
beacons. 3. A ship or floating support (1) according to claim1 or
claim2, characterized in that said vibratory 25accel eroneter (5a) is
an accel eroneter of the piezo- resistivggype. 4. A ship or floating
support according to claim1 or claim 3, characterlzed in that said
transm ssi on nmeans 30conprise an antenna (5d-1) and a transceiver
(5d-2) suitable for cbramsf et-ahagidsionehasis is@l prgpadsnsuppid ed by

said cal cul ati ogangnSrlgl(lgp)afltgi gltr %QEO%%@]V§§O%¥\§Ee%hb¥@ ;Q waves are

transmtted froman antenna | oat'i ng support
according to cl &FhFBtc Q%f aﬂftlo(?hé?h"ctté’r Fz%‘ﬂ?‘ﬁrﬁlf?ﬁt" sgfyrral

transmni ssi on nearg ((5d) mwfprilsle wir elde thradsai ofsitba shdans, conpri si ng
cables 41 5(5d-3) connecting a signal processing int erface (5d-4)

cabl o (50-3) . Bt o eranS apera %ﬁﬁﬁ&ggéf% T R L

i nterfaces (5d-9F)artaF5ﬁ’§f7§|dmlﬁgt eh e PRt ﬁ@“%lééﬁrl cal si gnal
supplied by the el ectaossic eaécduioaucowaltmﬂatirsb)mmtsmlltagm firgnal s.

6. A ship or flgatdopg:isypner toRGonEi Signka -SFritanendfstehai ms 1 to 5,
char acterized in that, g&ulg_vi bration 10 sensor is constituted by a
three-axis Vi brat ory acceleroneter. 7. A ship or floating support
according to any one of IclAi WY poFGITieHaFSRtSEPrB e ek SFHAYY &Lsai d
beacon (5 the FFT type in real time to process the signals of said

variation in the amplitude of acceleration (g} as a
function of time (t) of a said wall as measured by said

15 vibratory accelerometer in step a) in order to calculate
the variation in the amplitude of acceleration (g) as a
function of the frequency (F) of the vibratory wave of
the signal obtained in step a) over a given period of
time {(At}, and then preferably calculating the energy

20 spectral density and/or the power spectral density;

1.2) filtering the signal to eliminate
therefrom the background noise due to vibration that is
specific to the ship; then

1.3} calculating maximum time acceleration

25 values obtained by the inverse Fourier transform,
preferably of the IFFT type, of the variation of the
amplitude of acceleration (g) as a functien of frequency
{(F) as measured in step 1.1) and after filtering in step
1.2), and calculating the values of the maximum energy

30 spectral density (e, e,) and/or of the maximum power
spectral density (P,) and preferably calculating the
spectral energy and spectral power values respectively of
the energy spectral density measurements and/or a
measurement of power spectral density performed in step

35 1.1) after filtering in step 1.2); and

1.4} comparing said maximum time acceleration

values and sald maximum energy spectral density wvalues



15 5-1) further includes an additional device (Sc) suitable for
detecting the novenents specific to the ship (1) and for triggering
activation of said electronic calculation unit (5b) to performthe
processing of said steps 1.1) to 1.3) and 2) by said beacon and the
ot her el ectronic 20cal culation unit (5b) of the other beacons of the
same tank and of the other tank of the ghip or floating support, the
triggering of the activation of said electronic calculation units
taking place froma predeterm ned threshold value for the anplitude
of 25 novenent s(&f theasdiq spiefenably sowsd! Bpediralh@erighevafues
inclination of ?P\fvaéx]ld cHreEQ?aﬁH(I IsaPcfl stp@gtf Fé‘nerﬁy d?ﬂdsgla@c fl oating
support accordin aim haracterize sal V|ce (Sc)
for detecting a%égf?&vgﬁ?a‘fﬁss rS’F’peE%"%Ypoﬁ S8R 1 ndl Wh%ﬁeé?e%’fl‘f%e
pendul ar type arragietepeintgdakhrgrholdpyafesaliby, suit ahl.g foem which

det er mi ni ng st hethdlrbugigd=es of @esila@uwlﬂreé4a)rﬁat:et e hyll of the

shi'p or TLoatl ng.aBootd . sabgl Leshol d Yol us: hehig:., notL-gngbe o

at least 5, pre € range 5 ive o the
vertical . 42 % ,Rt%ﬁlr‘ifq&lm?l‘ifhts?h @idpored accor ding to any one of
claims 1 to 8, charactard zednsmisshat wswming eéb@ctsudnalglecdbeubsitngon unit

(5) is suitabl exdakabed ng astid \@;eeeﬂﬂlmaw@mqaﬁmtt @6pR ddar eshol d
val ue for tllae aﬁgy k;_glggm(%ftlg?cscagtl €L tJ on % aascc%lg;ru t| op lofe time.

10. A shipor floatin accor}élln oan one of claim 1 to 9,
characterized i< R5® %%i’é’llrys%ﬁldi Be%ETHT @5‘“%35 EPEFEHEO\%P%H%y power
supply neans (5e)luesnss;st eyigand/ k0 maxstior ageebairteekyabrdeasity

SUpSr cagac It t or ,vaqnlear e er fql;& Yooe Méﬁewbw Iga&aySﬁb@tfrst& yen&@ye%ﬁ?gb)
sal VI Dra ory net er e ectron n__uni
sﬁ:%%% Ef Op LS5 vé 5)5 péarcaé'rle g gt '32

and transm ssio evice c) for

det ecti ng %veﬁ%@%mb‘ft%éosﬁlcﬁntﬁl upit A émrﬁfamm%aﬂl ‘ng support
according to clwiidedOef char sictrer Fzeltedtinghelte saicd powsnisugEplby means
further includesa &%@kbgéé&&t (Eherymequpl & (91dds iakewWhi ch the cold
junction is inst; alnls&gl bet Ween t er.nal

f f th
ra ﬁ?lg centra&n%n%lﬂIprm??ﬁ?b%ﬁo?ﬁ é%e) of the

tank and sai d béaco €acon cons uncti on of
the ther m)couplhé?ldg%u‘tlE ttﬁér?%GBF%eWQ| Fee tdéthFF@fnéfﬂét’ée trr ekt
conti nuousky f arf pbadrdangnsaiid bead orhrantopt efadnabdly scepti.uousl| y

recharging a saldcatOnagacbaldRr ¥ndroSUREr GaRAGLt or (5€e). 25

3. A ship or floating support (1) according to claim 1 or
claim 2, characterized in that said vibratory
25 accelerometer (5a) is an accelercometer of the piezo-

resistive type.

4. A ship or floating support according to claim 1 or
claim 3, characterized in that said transmission means

30 comprise an antenna (5d-1) and a transceiver (58-2)
suitable for transforming the electrical signals supplied
by said calculation unit (5b) into radio waves, which

radio waves are transmitted from an antenna (5d-1).

35 5. A ship or fleoating support according te claim 1 or
claim 4, characterized in that said transmission means

(5d) comprise wired transmission means, comprising cables



12. A ship or floating support according to any one of clainms 1 to
11, characterized in that said beacons (5, 5-1, 5-2) are secured to
the deck (4a) of the ship and/or to a side wall (2a-1) of the system
(2a) for supporting 30 and insulating the walls of said |arge tank
(2) inside the hull (4) of the ship facing a side wall (4b) of the
hul |, said beacons being situated in thgiproximty of corners (2c,
2d) of said large tank at its longitudinal ends. 35 43 a dihedral
angle (2d) forned by the corners between a vertical |ongitudinal side
wal | (2f), a vetid-Gal comrmrsvey se sighbl (Rgresaihds dnterfdaeg (Wédd) (2e)
of said |arge tanka8fiecardd WARMPRNE26) gfAr BBO 131 <t WO Plangs 5(2e-1,
2e-2) of a cei lci:onrgrevwé‘élvi( Z%A'%fca%%ieg }%—gs tarnekfetrgg_rt a %lglfpﬁq. %9
angul arly rel ative to eac ot er, "and a transverse ver iI'cal” si'de wal |
(2g) of said | a¥ddeFaprringd withshppepiadepodtdtty SLPPHENEREGdRNng to
any one of 30cl|@tius fioh chk3eledtariael esigred swodlliatt by the an ol d

net hane tanker 4R bfaNROELISNR GONY&LE: 4 Qiﬁhi lQahing storage
ship that is anchored at a fixed |ocation, in which the filling |evel

of at least one of its tanks is determned as a function of the
roughness of 15°t Reshiruird flpatedgt BPPROT tagcdeiberetle 70 e3¢ cfl at ed by
a said device (Baifmeri det &ct tigracicgul £a aughimes said e brActa@t hod of

detecting tige roughness QhstEiddadul & fnege Siurfacerdpin one or nore
tanks of a ship accordi nt%§20to any one of clainms 1 to 14, the nethod

bei ng charact ert?Z&AT A"t 174t it conprises the fol |l owi ng successive
st eps: 1) performng said signal processing, preferably
after activating a smifl & erédtOmigCsepdatl at¢oiingi to waenozd dfhe

e of Lesp s g e, oy e
el ectronic l«%al cUltat FORERET £REBIESt 8" £ KR 48T ?ﬁc‘fm(i%f:)( :‘L.ta%[':ne

for detecting the movements specific to the ship (1) and
for triggering activation of said electronic calculation
unit (5k) to perform the processing of said steps 1.1) to
1.3} and 2) by said beacon and the other electronic

20 calculation unit (5b} of the other heacons of the same
tank and of the other tank of the ship or floating
support, the triggering of the activation of said
electronic calculation units taking place from a
predetermined threshold value for the amplitude of

25 movements of the ship, preferably a value of the angle of

inclination of a wall of the hull of the ship.

8. A ship or flecating support according to claim 7,
characterized in that said device {5c¢) for detecting

30 movements of the ship is an inclinometer of the pendular
type or an inertial unit, preferably suitable for
determining the roll angle of a side wall (4b) of the
hull of the ship or floating support, said threshold
value being a roll angle of at least 5°, preferably lying

35 in the range 5° to 10° relative to the vertical.
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9. A ship or floating support according to any one of
claims 1 to 8, characterized in that said electronic
calculation unit (5) is suitable for being activated from
a measurement of a threshold value for the amplitude of

acceleration (g) as a function of time.

10. A ship or floating support according to any one of
claims 1 to 9, characterized in that each said beacon (5,
5-1}) is powered by power supply means (5e) consisting in
a storage battery or a supercapacitor, or preferably a
lithium primary battery, powering said vibratory
accelerometer (5a), electronic calculation unit (5b}, and
transmission means ({5d), and preferably said devices (5¢)

for detecting movements of the ship.

11. A ship or floating support according to claim 10,
characterized in that said power supply means further
include a Seebeck effect thermocouple {9-1) in which the
cold junction is installed between the cold internal wall
{2, 2f) of the tank and said beacon {(5), the beacon
constituting the hot junction of the thermocouple, said
thermocouple serving to generate a current continuously
for powering said beacon and preferably continuously

recharging a said storage battery or supercapacitor {5e).

12. A ship or floating support according to any one of
claims 1 to 11, characterized in that said beacons (5,
5-1, 5-2) are secured to the deck {(4a) of the ship and/or
to a side wall (2a-1) of the system {(2a) for supporting
and insulating the walls of said large tank {(2) inside
the huill (4) of the ship facing a side wall (4b} of the
huli, said beacons being situated in the proximity of
corners (2c, 2d) of said large tank at its longitudinal

ends.

13. A ship or floating support according to claim 12,

characterized in that said beacons are positioned facing
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a dihedral angle {(2d) formed by the corners between a
vertical longitudinal side wall (2f), a vertical
transverse wall (2g), and a ceiling wall {2e)} of said
large tank or a trihedron (2c} formed by two planes
(Z2e-1, 2e-2} of a ceiling wall (2e) of said large tank
that are disposed angularly relative to each other, and a

transverse vertical side wall (2g) of said large tank.

14. A ship or floating support according to any one of
claims 1 te 13, characterized in that i1t is an old
methane tanker type transport ship converted into a
floating storage ship that is anchored at a fixed
location, in which the filling level of at least one of
its tanks is determined as a function of the roughness of
the ligquid it contains, as detected and calculated by a

said device (5) for detecting liguid roughness.

15. A method of detecting the roughness of the liguid
free surface within one or more tanks of a ship according
to any one of claims 1 to 14, the method being
characterized in that it comprises the following
successive steps:

1) performing said signal processing, preferably
after activating a said electronic calculation unit when
the movement of the ship reaches a threshold value; and

2) performing said transmission of values obtained
in step 1) from said electronic calculation unit (Sb) to

a said central unit (6).



