1 FLOATING SUPPORT OR VESSEL EQUIPPED WITH A DEVICE FOR DETECTING THE
MOVEMENT OF THE FREE SURFACE OF A BODY OF LIQUID The present invention relates to a ship
or floating Ssupport for transporting or storing liquid in bylk, and fitted with one or more devices for
detecting movements of the liquid free surface within the tank(s) of the bulk storage or transport ship.
More particularly, the invention relates to 10cryogenic transport ships for transporting either liquefied
natural gas (LNG) dfllQAit NE@iBaRE,QR EIOR MBS STASEQIIRRES Waintiai D& ViGEeHiIQURd state at very low
temperature, such gsgeeaNechHRNHEIBANIT BT elRREIas ORiarsihop Ngdavefied state that
15is lower than the B( of water, and that is transported in very large quantities in the liquid state and
substantially at atmogﬁeric pressure. Liguefied gases that are transported at a pressure close to
atmospheric pressure ne€d8@ S CBIREHY I6IBtFE 1 ATUPRUAO M Brder to remain in thd liquid state.
They are then StoresHppoeriprdrgaspenisaen siesirgtievidgndridal, or cylindrical, preferabty presenting a
cross- section that ifteal ygonaheasichidreadticides tandstdviihgresudkiatantially in the foantef rectangular

25parallelepipeds, %@W\éﬁ[ﬂﬁ&ﬁ@sﬁ%\’c@&?ﬁmmﬁ llréw@qg thermally in order to limitfhg 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 S%PHQQ%Q/Q%REB?R&?\%HTUII_y loaded 30(95%-98%), or else with a small residue of gas
in the bottoms of the tanK¥QERAFTHUR s RS KGNS f8HK8%IY the insulation system permanently cold,
thereby enabliig themoadgebé rtediisioonh s hépgtking respdrtimgsedtvaiding any need to bring the tank down to a

low temperature 35pagfReSHARIal-§aSIQWNIE) AU dhiEnsonsaling Operating time.  |se

other gases that are maintained in the liquid state at

very low temperature, such as propane, butane, ethy lene,

or any other gas of density in the liquefied state that
15 is lower than the density of water, and that is

transported in very large quantities in the liquid state

and substantially at atmospheric pressure.
Liquefied gases that are transported at a pressure

close to atmospheric pressure need to be cooled to a

20 lower temperature in order to remain in the liquid state.
They are then stored in very large tanks that are e ither
spherical, or cylindrical, preferably presenting a cross-
section that is polygonal, and in particular tanks that

are substantially in the form of rectangular
25 parallelepipeds, said tanks being very thoroughly

insulated thermally in order to limit the evaporati on 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 | oaded
30 (95%-98%), or else with a small residue of gas in t he
bottoms of the tanks (3%-5%) so as to keep the tank s and
the insulation system permanently cold, thereby ena bling
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 oper ating

time.



2 Such ships are extremely difficult to operate because of the dangers associated with the gas and
the associated risks of explosion. Thus, all of the technical equipment present on board needs to comply
with Sextremely strict standards since the slightest spark runs the risk of leading to deflagration, and such
a spark could be created by an impact between pieces made of metal, merely by a switch, or indeed by
radio transmission at a power level exceeding a given 10threshold. All of those restrictions are the subject
of very strict standards argiielnalppseareraysecwtypdiffiviil thepenadktions laid down in the ATEX standards,

i.e. explosive atmospheiasstangrrdarthaicaedoranantaithanesserakilled in the art. 1g{an a voyage, the
contents of the tankgsgggg}/ee 'PF&#% i&i‘(&%ﬂe%ﬁ%fa{ﬁ%f tﬂ@d breaking swell type phenomena, known
ﬂun_t eTanpan i

as "sloshing", can appear wi

can become very violent, in particular when waves break

against the vertical {SN9'67  RBUYRHIE SR SEIBT R M BGRASIRES TRy break in the ¥iW&Bron formed by
the junction bebweeextiemnedy titaciaidiscandstaimeeiiiegstgkisist 8. Such phenomenakdtéparticularly
sensitive to the factithatishelimuids g ancernedapmsemavisepsitiesathat are very low, legs than that of

water. 25 These p%waég[bgqur%immggerb@@égqﬁ\gd@Bker shi_ps andalso on anchored
storage ships known as floatln%,%roductl?grhstora eé?g offloading (FPSO) ships, not only when sea
t

conditions are rougmergﬁlt AVESS

A e Sdals'd

D '81, in the event of the liquefied gas 30cargo

entering into resondRESHIAF R RCRANTSH [BYA! RXEREAIBE ByBtHRswell to which the ship is subjected, even
if the excitatid® is offsestiblin glitwdehdaehestictitnsfasstheasdgesloshing can becometwary violent, and

268iREIdharRiHedd Wi Qtiphibe saiBEEsMBR there is a risk of dampaging the system

when waves break

for confining the "q%ﬂ‘aﬂi%%s'a?@%é%ﬂéﬁglg%

said confinement system

relatively calm, but YERNEAMRSRINTEF 3RS /ER BEHIER

'rg%ll%g?&sygtem that is present immediately behind
enomena can occur even under sea conditions that are
WPHARHY levels, with eaBh combined state of

significant amplitudeessewekillpdrind)Sargle of incidence, ballasting of the ship, ... running the risk of
becoming dangerous whematagyaigeatiso ouneattaflaiditingd ®etlave like

liquids with free surfaces, and breaking swell type

phenomena, known as "sloshing”, can appear within t he
tank and can become very violent, in particular whe n
waves break against the vertical walls of the tank, and

20 also in particular when they break in the trihnedron
formed by the junction between two vertical walls a nd the
ceiling of said tank. Such phenomena are particula rly
sensitive to the fact that the liquids concerned pr esent
viscosities that are very low, less than that of wa ter.

25 These phenomena run the risk of appearing on metha ne
tanker ships and also on anchored storage ships kno wn as
floating production storage and offloading (FPSO) s hips,
not only when sea conditions are rough, but even wh en the
sea is almost smooth, in the event of the liquefied gas

30 cargo entering into resonance with the excitation t hat is
created by the swell to which the ship is subjected , even
if the excitation is of small amplitude. In the ev ent of
resonance, sloshing can become very violent, and wh en
waves break against the vertical walls or in the co rners,

35 there is a risk of damaging the system for confinin g the
liquefied gas, or of damaging the insulation system that
is present immediately behind said confinement syst em.



Thus, the problem of the present invention is to predict sloshing type phenomena of swell waves breaking
10within the tanks of ships for transporting or storing liquefied gas, in particular liquid methane or "LNG",
by detecting the phenomena that occur prior to the appegrance of said sloshing. In the description below,
the term "LNG" is used to designate methane in the liquid 15state, i.e. liquefied natural gas, while the
gaseous state is referred to as "methane” or as "gaseous methane". Revealing the presence of these
phenomena that occur beStrghihg pippearemeecahuaiustEmnodeesesnables the 20captain of the ship to

modify the behaVIOngﬁghﬁ)ﬁQIﬂ,d{\@@’@eﬂ{p}’é}pr@im BGk ,h;gghgrggmg its heading or |tst§9)¢ed so asto
attenuate the reson ?f(gﬂﬁ) {f\]/%tr n %ﬁj ﬁﬁr?é%b g U\)ﬁﬁls damaging to the int piy of the ship. In
S?are %tgt (ﬁWIth m 5} Fs

the same manner, or |ps ans fo |caIIy or dynamically a tenuatlng sloshing,
e.g. external fins orSa4 DB LRSS ?é?ﬂg'CBP RIRRGUERfRh Feans that are mco‘?BBijated directly in
the tanks of s&id shﬁdﬂglé\ﬁéaﬂn@@h@m@@%@@ﬂémgrﬁh@apreﬁmsor phenomena 30makegs it possible to
modify and adjust thiees@iting®etaaidgyairiprolisalyém ardeikies altepuate or even elimgate the unwanted
phenomena. The in gnw%pﬁwﬁgtq@%yanous devices for detecting movements of the liquid free surfaces
inside 35storage tanks of % é)r ro %hlﬁ orts but the sensmwté of such devices leads to
information that is not of S |Hr AR ﬁr%ﬁ%?é]hé“é%%%ib?& vices 4 based on measuring the
free area of the insiBeedialig %@%W@&hﬁﬂﬂﬁ@%ﬁl@ﬂ%ﬂ fra¥esuaae, using sonarkBBultrasound

devices. The Ifoblenittuhsbehadde ofiehipeSults édrapatiadreestori ng
liquefied gas, in particular liquid methane or "LNG ", by
detecting the phenomena that occur prior to the
appearance of said sloshing. In the description be low,
the term "LNG" is used to designate methane in the liquid
15 state, i.e. liquefied natural gas, while the gaseou S
state is referred to as "methane” or as "gaseous
methane".
Revealing the presence of these phenomena that occ ur
before the appearance of such sloshing then enables the
20 captain of the ship to modify the behavior of the s hip,
where appropriate, e.g. by changing its heading or its
speed, so as to attenuate the resonance effects tha t
might lead to sloshing that is damaging to the inte grity
of the ship. In the same manner, for ships that ar e

25 fitted with means for statically or dynamically
attenuating sloshing, e.g. external fins or active

ballast systems, or indeed attenuation means that a re

incorporated directly in the tanks of said ship,

revealing the presence of sloshing-precursor phenom ena
30 makes it possible to modify and adjust the settings of

said systems finely in order to attenuate or even
eliminate the unwanted phenomena.
The inventors have tried various devices for

detecting movements of the liquid free surfaces ins ide
35 storage tanks of ships or floating supports, but th e
sensitivity of such devices leads to information th atis

not of any use, in particular when using detector d evices



5surface of LNG being difficult to detect because of extremely low temperature conditions, and
furthermore, in order to be able to analyze the free surface properly in zones that are critical for deducing
the risks of essentially damaging sloshing occurring, it wpuld be 10necessary to install too great a number
of detectors. According to the present invention, the inventors have implemented devices for detecting
the movements of the liquid free surface, which devices are appropriate for those circumstances, and are
based in particular baskEstioa prezsptengftise fiseraken sétisrigsideratdin of a wall that issrotierect or indirect
contact with said lioigkfte @i SalEliquimalie® which the vibygtigneof dieywaliaefdhe tank is transmitted,
detection preferably Fﬁlég&ﬁ@gvyggg the help of vibratory accelerometers 20that measure variation in
acceleration g as a function of imé. > More recisely, the invention provides a ship or floating support
for transporting or storingﬁ%ﬂf%ﬂ@hﬂﬁ%&ﬂﬁpﬁtﬂﬁwiﬁﬁﬁ%frﬁ@f@}% ¥ selected from 25fmethane,
ethylene, propane, awdasataheNCobiagidifidehtr datetitreausk, greferably a cylindrical tank of polygonal
cross-section, that isxiretnapllinseiaiechand ebiaigensizandvithtaélerst its smallest dirseipsion in the
horizontal directionOi,ragta{(gigél%5igstwyﬁglﬁgi%$%%p%g@@%ggrmeters (m), prefer@t;}y lying in the
range 25 m to 50 m, and a volume gre tF:r thaé1 10,000 cu%%c rEeters (m3), said large tank being
supported inside thém?ﬁ??ﬁgr&% l_ac)?a%raqﬁ gSit! _ré',s_ 5hi being characterized in that it includes a
plurality of devices EPS90HAMENROINE RARGMESSBH EH@’IikﬂM‘@%ﬁHin said large tank@s), said devices
being referred@o beteveasdiydadcosisi| emodyceanprisinthes of ded@aoribration sensor of $he vibratory

accelerometer type suitablgdgiaing s Wi g amplitHesotibermesedpsation (g) as a function of time (t) of
the vibrat id: : hip that i t] tact with
e vibratory move{ﬁg{) %8L%%%%8E%9$§%¢%%ﬁgﬁ% ﬂ]gwyg E;ﬁts ip that is nqt i contact with sea

t
water, said wall of the ship includi _ e or a wall ,(I;? e internal structure of the ship,
preferably a wall of Bt eI YNGR LaYESS B FRREPRYid large tank, said @nsors being
fastened on said wallrtbosgsiifewsniidacge, tntk asgdased i) parétataronic calculation tei having a
microprocesstg andranpnaciesitednysdlyssniableibpatvoosssing said signal as medisured by said

vibration sensor in grdefsah gastieslimirate dheseftmm ;gm%ground noise that is spggific to the ship,

and to

free surface, i.e. a wall to which the vibration of the
walls of the tank is transmitted, detection prefera bly
taking place with the help of vibratory acceleromet ers

20  that measure variation in acceleration g _as afunction of
time.

More precisely, the invention provides a ship or
floating support for transporting or storing liquid

constituted by a liquefied gas, preferably selected from
25 methane, ethylene, propane, and butane, cooled in a t
least one large tank, preferably a cylindrical tank of
polygonal cross-section, that is thermally insulate d 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 cubi c
meters (m 3), said large tank being supported inside the
hull of the ship by a carrier structure, the ship b eing
characterized in that it includes a plurality of de vices
35 for detecting the roughness of the liquid within sa id
large tank(s), said devices being referred to below as

"beacons", and comprising:



detect the movement of the liquid inside said large tank by comparing values of the signal as processed in
this way with predetermined threshold values beyond which the roughness of the liquid free surface is
considered as 20constituting a risk of harmfully deformigg 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 25unit, preferably on the bridge of the ship. The term "wall of
the internal structure of the® shijptasiarssdrisomafahervipaatimylaceslienteretl wall of the hull oka double-hull

ship or a wall of a sygier Rk RRATNG @thAhdsgitigsaidiarge tank inside the 30hull. Once the
various items of sigge&g‘g} f&ﬂ 21 es\éaﬂij%léﬁ eaeR %I& %?d[ﬂ en collected in said central unit, the person
%e dr§% ﬁ(\:al 57110 e?

skilled in the art can |nput INto a mathematic: that delivers recommendations

35concerning the b¥RABYINME DEHSAbRMEIELTiIfAY 1BIRE (3 the tank(s), said recBimendations

being designed to radllcH teedinirihas @rptiskaohsiesMing geappearing, i.e. any risk ofelamaging

deformation or detesiaatian of tacsaitipriadiudineg taearsorasidag@ns relate in particular fpghg speed and

direction in which the_ship:FRaHIS RS gﬁﬂ‘%qjygr@qﬂgigﬁﬁt‘r%@gpét ship, and 5recomm%ﬂp|§tions concerning
ship

the levels to which its ‘Lralrlks Sh(ﬁﬁld t;}et fllleq thntthe IS a séorage ship, as explained below. More
precisely, each said'BeatShied Br%egze internal STUCHICRSRRSHic calculation unit sult$ble for

10performing the foX¥i608i R YL SR S leps T ARG A Sal 1.1) using &mGikier transform,
preferably of iite FFAutyiole saie etk paadess the signals of said

b) an electronic calculation unit having a

microprocessor and an incorporated memory, suitable for
processing said signal as measured by said vibratio n
sensor in order at least to eliminate therefrom

15 background noise that is specific to the ship, and to
detect the movement of the liquid inside said large tank
by comparing values of the signal as processed in t his
way with predetermined threshold values beyond whic h the
roughness of the liquid free surface is considered as

20 constituting a risk of harmfully deforming and dama ging

said wall; and
c) data transmission means for transmitting said
signal, preferably after it has been processed by s aid
electronic calculation unit to a supervisor or cent ral
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 wal | of
the hull of a double-hull ship or a wall of a syste m 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 in toa
mathematical model that delivers recommendations
35 concerning the behavior of the ship and/or the fill ing

level(s) of the tank(s), said recommendations being
designed to reduce or eliminate any risk of sloshin g



variation in the amplitude of acceleration (g) as a 15 function of time (t) of a said wall as measured by
said vibratory accelerometer in step a) in order to calculate the variation in the amplitude of acceleration
(9) as a function of the frequency F of the vibratory waveg of the signal obtained in step a) over a given
period of time 20At, 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;ahpea2iny,3)ecalcylatingfrdaxiagimg teferact@e@tion values obtained by the inverse

Fouri.er transform, m@(@,n@k&y,@{ 31%1igéﬁgr%ﬁas,tﬁé),lér&gmﬁ@é}ﬂg%h@FFT) type, of the yaggtion of .the. _
amplitude of acceleﬁg%%%%}aq%a}tﬂ%n @éhoa{nf&e%&% Ii:n%ﬁgﬁqsured in step 1.1) 3Rgnd after filtering in

step 1.2), and prefera culating the values of the maximum energy spectral density and/or of the
maximum power spetRarQUILRE BYISA IV BRD Hi Al ABRPORIENREing the spectral eneffifand spectral
power values fespeEiasmsingiriiens epneputnctBs yetstiombigiuittments and/or a rifdSurement of
power spectral densiiyearermed e pnt. shipfteafdtermgeisrsten 1.2); and 7 sl.4) comparing said
maximum time acc@%p&mgdvgélm_and preferably said maximum energy spectral density values and/or
said maximum power spectral density values Po and also preferably said spectral energy and 5spectral
power values respectivel Sf%t%rﬁqﬂ. yw&ﬁcﬁésﬁ%cﬁfé&%%%ﬁﬁ%d threshold values Si, emax, Pmax
from which the roughness dFfHe AHARECFHRIOR WHhsidaRie 188 constituting a risk of damaging
deformation di0deteprnfatiomtptisaifbNoalingsihbh8sprddeansissips means suitable for being activated by
said electronic calcglg{igetiHgifrand for transmitting said maximum time acceleration values, and preferably

said maximum energy spectral ﬁfga'@%?%%ﬁ&d{%rng}wkﬂ%gpa\%g (ﬁpectral density values Po and
energy’ ’

more 15preferably said spectra and spectral power values respectively of step 1.3) are

transmitted to a cerftalf r]'ft%?@f@réﬁﬂ? &He BIRSGSIN S SRR hliecting the data traifdthitted by all of
said beacons, whichasitioningeaamplindmitageelerativg ¢ehasbunit, preferably 20on the bridge of the
ship collectingghe datrficansmitted vl sdithedeasansdiigaichbihreshold value of stepid.4) is reached by

at least one of the Qm% acce'l’ér%ﬁ‘ﬁ@?eliﬁ)s?élﬁjalyﬁl)oua%rct%'@a“@tio”s for converting fag.time signal by

means of a Fourier

the variation in the amplitude of acceleration (g) asa
function of the frequency F of the vibratory wave o f the
signal obtained in step a) over a given period of t ime
20 At, and then preferably calculating the energy spect ral

density and/or the power spectral density;
1.2) filtering the signal to eliminate

therefrom the background noise due to vibration tha tis
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 (I FFT)
type, of the variation of the amplitude of accelera tion
(9) as a function of frequency F as measured in ste p1l.1l)
30 and after filtering in step 1.2), and preferably
calculating the values of the maximum energy spectr al
density and/or of the maximum power spectral densit yP,
and also preferably calculating the spectral energy and
spectral power values respectively of the energy sp ectral
35 density measurements and/or a measurement of power
spectral density performed in step 1.1) after filte ring

in step 1.2); and



25transform 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 30for 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 36 mmnpanisgcfitentiaxidunedmaréacelerati@y proceeding in this way, all of

the real time calculgiqnssaisinsErRIAsy Bxisadaaigraliktgngo&wdthin the beacon, and only the results
of the calculations s, %%ﬂjg t‘Ji‘lr?d?&rgg Sy H¥i r .\ﬁeld a 3“15 more compacér%ril[ that can be
AR e L e e et

transmitted more quickly than a time signal that woul erw occupy the transmission means full
time, it being under¥fldtPtRat tRd IRREIRIA SR ?BE%@éﬁPﬂgmgr fraction of energy consumption
of the beacon.SThusperira noecolslgaalrpsoeetivaly airstemhsthiéd only if the threstold values are
exceeded. 10In stepedpepticbiprosansaiorem@aashthat/aees igitially on stangdly are pctivated by a

command triggeredgy, said GRIRHIRIQHHRLS i5y the ﬁdﬁatf@@%g‘:@reshold value beiRg reached. It can be
understood that said cal.cfzglae{tfign unit Si?cludes%%c%r orated mgerpory suitable for storing the data
fhs 4

received from the s&R%D e_B ?ﬁ&%ﬁ”{g S Al ANELARGRRSN unit to analyze T 8Verall behavior
of the free surface SVEleipRErMPridSAE WeATAe ship is either sheltered or else sailing in calm 20water,
i.e. when thed®is no risk obagusamgthissiquitdees suitalge forrhewve and thus no risk of sloshing, said

activated by said electronic calculation unit and f or
transmitting said maximum time acceleration values, and
preferably said maximum energy spectral density val ues
and/or maximum power spectral density values P o and more
15 preferably said spectral energy and spectral power values
respectively of step 1.3) are transmitted to a cent ral
unit preferably on the bridge of the ship, collecti ng the
data transmitted by all of said beacons, which said
values are transmitted to a said central unit, pref erably
20 on the bridge of the ship collecting the data trans mitted
by all of the beacons, if said threshold value of s tep

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 calcul ations
are known to the person skilled in the art of signa I
processing. Similarly, the spectral energy and spe ctral
power calculations represented respectively by the
integrals of the curves for energy spectral density and

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

In step 1.4), the risk of deforming or damaging sa id
wall, associated with a said threshold value corres ponds
to a risk of a resonance phenomenon occurring in th e

35 movements of the liquid free surface.
By proceeding in this way, all of the real time
calculations are performed by said calculation unit



observation being correlated with the roll and/or the pitching of the ship and serving to evaluate the
background noise that is specific to the ship in the 25absence 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. 30Such piezo-resistive detection

accelerometers are capable of picking up frequencies in the range 0 to 5-10 kilohertz (kHz) and they
present measuremayitrac toedmaodb theuadder o @teSetts Thithéype of piezoresistive detection

accelerometer is capablf-0bRSehaiRessd ofetetdras fiatoiske. a state with zero gegeleration. 9

Other types of vibrajory gecelerometer can pe

. . n'
plezoelectrlc detection, capaciuve detection, inductive

5Preferably, said viBI3oRWRM S8 adHeREIvPbinat iAW BIREN

'ﬂ@%ﬁt@g'@%ﬁ]ﬂ? accelerometerseralaking use of

etection, a strain gauge, amongst others.
ratory acceleromefer. Such three-axis

accelerometerB areasgitay & folransayiasing hesamplltdioess dib@imetion of the wall in three directions in
space as a functionueidéne ddeaferallyn Saiddimnaipissiopgnaang womprise an antenna and a

transceiver suitablerﬁgﬁérqlt&%f%mg}ggﬂyﬁlgsp{%E{Q;p]a& ﬁ\léorﬁ’éi&cdohy said calculation unit into radio

waves, which radio
means comprise wi

e med e

ed f[om an antenna, 15In another embodiment, said transmission

%rg&epsr?g?ﬁga&%gﬁgsg%necting a signal p}%%essing interface

suitable for making ¢ SidRRINAEASIE MR URS RGEBY RS’ via said cables, preferably optical fiber cables
combined withO20interfacessiem o g ¢y sasthdaiarfnoertisetede etacal signal supplied by the electronic

calculation unit intojiigRfi§iendandby are activated by a command tri

15

20

25

30

35

by said calculation unit, in the event of a said
threshold value being reached.

It can be understood that said calculation unit
includes incorporated memory suitable for storing t
data received from the sensors over time, thereby
enabling the calculation unit to analyze the overal
behavior of the free surface over time, in particul
when the ship is either sheltered or else sailing i
water, i.e. when there is no risk of causing the li
free surface to move and thus no risk of sloshing,
observation being correlated with the roll and/or t
pitching of the ship and serving to evaluate the
background noise that is specific to the ship in th
absence of significant movements of the liquid free
surface, thus making it possible to define said abo
mentioned thresholds.

More particularly, said vibratory accelerometer is
an accelerometer of the piezo-resistive type.

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
characterizing a total rest state, i.e. a state wit
acceleration.
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In a first variant embodiment, a said beacon further includes an additional device suitable for detecting the
25movements 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 Reacon and the other electronic calculation units
of the other beacons of the same tank and of the other tanks of 30the ship or floating support, the
triggering of the activation of said electronic calculation units taking place from a predetermined threshold
value for the amplitude of0ti@raypestsfofibine @lyipcpetferalatie aczal e of the angle of inclination of a wall of

the hull of the 355hi%p|emgh%@ggy@ﬁr@] g@(yéq?@(%mg@ﬁ{m%qjgé @k inertial unit type serves to detect the
movements 10 Spe(ﬁ'gé%&&?ri%'ﬁ&e%‘ﬂf&*ﬂ. aégé%!kimgc?

i - surge, sway, etc. 1 another
embodiment, a said beacon does not include any a (ﬂlgocr%(a dlelflqge for detecting the rél{(ll)@ements 5specific

to the ship. Morgeﬁ%?HEUIa?rl?ﬁ@%@%cé"f@ﬁ%ﬂe@fﬁ@smovements of the ship is an inclinometer of the
pendular type br an inertiBrefieiapieRagbibsaticib ke isodsteansiiivgethe roll angle of a side wall of the hull
of 10the ship or floajingssarieriisein th eeneovisdter bainghatielbangle of at least 5, pkeferably lying in

the range 5to 10 reé%ﬁ}é,%mrﬂé?e\@ﬁi@%ul&ﬁﬁl@féﬁﬂgﬂﬂﬁtﬁe{h@ﬁrﬁﬁwce consumes vgpyittle energy,

since within the calcilagt%%.unlt {he 153@]and[ﬁ¥ urat remains ver simple. In contrast, as soon as potentially
critical conditions a5, '%%%u‘i'&%&f? it tHER 'ﬁ%‘fﬂ?@ &% he information comincgef?(?m the vibration

sensor and perform $iBERATHASEERRing, with the results of said processing then being transmitted to the
20central sugdrvisor in therefezablyf atie astrenessidhenesedetmadribeesinolds being exceeded. When a

beacon is activatedptdimaWAdREtRARYQE iLifiaslvapragarnsHamgtivate the other bgggons so as to be

sure that all of the be?é‘&?.@%%ﬁsr%‘fé"é%pﬁﬁeﬁ%wa{ﬁ calculation uni tinto

radio waves, which radio waves are transmitted from an
antenna.

15 In another embodiment, said transmission means
comprise wired transmission means, comprising cable S
connecting a signal processing interface suitable f or
making the signal suitable for being conveyed via s aid
cables, preferably optical fiber cables combined wi th

20 interfaces transforming said data from the electric al
signal supplied by the electronic calculation unit into
light signals.

In a first variant embodiment, a said beacon furth er

includes an additional device suitable for detectin g the

25 movements specific to the ship and for triggering
activation of said electronic calculation unit to p erform
the processing of said steps 1.1) to 1.3) and 2) by said
beacon and the other electronic calculation units o f the
other beacons of the same tank and of the other tan ks of

30 the ship or floating support, the triggering of the
activation of said electronic calculation units tak ing
place from a predetermined threshold value for the
amplitude of movements of the ship, preferably a va lue of
the angle of inclination of a wall of the hull of t he

35 ship.

The additional device of the inclinometer or
inertial unit type serves to detect the movements



25this 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, fie 30risk 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 35it was previously in a
standby state and tkpedifutothatsz@y audtivatewitselichmgsym@aperform the processingsarggthe
transmission involvgq,gg,,ag{@.ve steps 11 b) and c), said transmission means 5d being activated by said

electronic calculation uniﬁél&hm}%q%%rqg t%%il%]%ltd %%igc?lgﬁggg%galculation unit is suitable for
tbof a 0 or

being activated from a measuremen thres value e amplitude of acceleration (g) as a
function of time. &MY HARIPNEA IR USRI HedRIGHIEDBRERY by power supply FRREMS consisting in
a storage battery orsassifietedpasidr, or preferably a lithium primary battery, 10powering said vibratory
accelerometer, electronic\taleati@ulariit, said transeissgutaogays, and preferably said devices for

detecting moveme%%m@rﬁ'lﬁ’f-the sﬁﬁ%aéjr‘/ﬂ’mlﬂgﬁﬂé@yoﬁﬁig pawer supply mean%[ngher include a
Seebeck effect ther ocou%le.m WQJCh the czlc‘rjﬂb@unc%%‘rllgl? installed between the cold internal wall of the
t
0

tank and said beac ,%ﬁ)e(_ Eé%%rﬂ Sl _ ot 8h of the thermocouple, said thermocouple
serving determining the roll angle of a side wall of the hu II of

10 the ship or floating support, said threshold value being
a roll angle of at least 5°, preferably lying in th e
range 5° to 10° relative to the vertical.

In the standby state, the device consumes very

little energy, since within the calculation unit th e
15 standby unit remains very simple. In contrast, as soon
as potentially critical conditions arise, the calcu lation
unit then analyzes all of the information coming fr om the
vibration sensor and performs signal processing, wi th the
results of said processing then being transmitted t o the
20 central supervisor in the event of at least one of the

predefined thresholds being exceeded.
When a beacon is activated by its own inclinometer ,

it is advantageous to activate the other beacons so asto
be sure that all of the beacons are active. By act ing 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 e ach
informs all of the others as well as the central
supervisor whenever it enters into action. Thus, t he
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 s teps



to generate a current continuously for powering said beacon and preferably continuously recharging a
said 20storage 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, ipsulating the walls of said large tank inside the
hull of the ship facing a side wall of the 25hull, 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 positioneahthc)ngaadditaedraisaiglenfeanmebiddyeihg actiners between a verecabyOlongitudinal
side wall, a vertical {eagevscasm@darifhforaiicsyall of said large tank or a trinedron formed by two
planes of a ceiling wall oflﬁ%iﬂl Iﬁ{&e %Bg({nﬁé@eﬁgﬁ%ﬁ)&&%%gég%rl!lra{%lﬁtive to each other, and a

o ge tank; a

transverse vertical side wa Psa|d ?ar 35said beacons are Tastened to a said wall by welding or
by adhesive; and 19t IS SHiable,farhgpa ActiRied KM@ S5 ikainer serving to coliffl¥ all of said
vibration sens@rs, tioé @ bceshaid valcel seiohe amnlie degplachalgrebnsmission means,eid preferably the
additional detector ggyvicea satdtRontdin@esbeing fastened to said wall and to said power supply means.
Since the beacons are inﬁ?@\ugﬁé@@oﬂgﬂﬁ@@W%ﬁﬁ’@é&%ﬁ@ﬁ&%%&’bSPSX\Heed to satisfyggtrict standards

known as ATEX standards. These standards 10ief|ne Eéegmse constructional arrangements in terms of
€

electrical circuits, ség%yc%%Tﬁé:rgvﬂaw&'lb@ﬁ (_) Sp?r _tﬁﬁ’égiro% from a radio antenna, etc. ..., for
ensuring that no spaHPSARAFHhRArRfaMD ISk IBPigmimiNaydous environment, &1d-thus of creating
an explosion.105In ppaeticgsdidadvandagaocs eorthetimeletsanit ship is an old methane tanker type
transport ship convegrd tifenauifating steraaR SBiPHals, anehsiad at a fixed locatiqipjp which the filling

level of at least one gf {5 dgRiS I3, AFSRIERIS BT SRR proughness of

Also advantageously, said power supply means furth er
include a Seebeck effect thermocouple in which the cold
15  junction is installed between the cold internal wal | of
the tank and said beacon, the beacon constituting t he hot
junction of the thermocouple, said thermocouple ser ving
to generate a current continuously for powering sai d
beacon and preferably continuously recharging a sai d
20 storage battery or supercapacitor.
In a preferred embodiment, said beacons are secure d
to the deck of the ship and/or to a side wall for
supporting and insulating the walls of said large t ank
inside the hull of the ship facing a side wall of t he
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
ceiling wall of said large tank or a trihedron form ed by
two planes of a ceiling wall of said large tank tha t are

disposed angularly relative to each other, and a
transverse vertical side wall of said large tank;

35 - said beacons are fastened to a said wall by
welding or by adhesive; and



20the 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 gpthe 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 30in step 1) fromesaitl elscicbheacaicutatioprisag éocargaideresaingl unit. Other clwpracteristics

and advantages of {BQ&ﬁﬂﬁg@mBygam@gp@ag@ﬁg@gomée@gmg the following descrigtign made by way
of non-limiting iIIustr a%%ﬂg \{\nlllq F]%nagtgo Qﬁ ggggmpﬁwéﬂg drawings, in Whlscl“laj| - Figure 1is
regaS| 1

a cross-section and V|ew 0 s orage an tion unit (FSRU) for storing and

regasifying LNG anBrﬁ{f‘éGWtW%@\%’@Q% Bhg aiehd FALL Qitface movements WA the tank 2 of
said floating stjpporeeig fasisancsta seidivallsaadidn shigh poweastamgpllar; 5- Figure 2 isa cross-section and
front view of an LN@é&zmiser ship fitted with devices for detecting liquid free-surface movements within the

tank 2 of said ship, whichdank is,ot,edbaaonal SRELAR;

i i QYEReAiRfy Plan view of an LNG tanker ship

10having three tanks fltted WasP dewges f detecti é]r%h%l# ree- urface movements within said tanks;
T

Figure 4 is a cross- -§&8

S eSS Y DR

BFthe tank fitted on the right-hand side with a

liquid free surface ﬁ%&%ﬁ%@%@tﬁﬁﬁg@sé&ﬂé’ﬁég%y@%ﬁé@k‘%ﬁ‘i’éct thermocouple Figure 4A

shows a detall®of thedfieeipeeaise constructional arrangements in terms

electrical circuits, sealed containers, power level S for
transmission from a radio antenna, etc. ..., for en suring
that no spark appears that runs the risk of ignitin ga
gaseous environment, and thus of creating an explos ion.
15 In a particularly advantageous embodiment, said sh ip
is an old methane tanker type transport ship conver ted
into a floating storage ship that is anchored at a fixed
location, in which the filling level of at least on e of
its tanks is determined as a function of the roughn ess 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 mor e
tanks of a ship of the invention, the method compri sing
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.
Other characteristics and advantages of the presen t
invention appear better on reading the following
description made by way of non-limiting illustratio n and
35 with reference to the accompanying drawings, in whi ch:

- Figure 1 is a cross-section and front view of a
floating storage and regasification unit (FSRU) for



Figure 4; Figure 5 is a plan view of two LNG tanks fitted with liquid free-surface movement detection
devices of 20the radio transmission type; Figure 6 is a plan view of two LNG tanks fitted with liquid
free-surface movement detection devices that are connggted to one another and to the bridge of the ship
via a wired local network; 25- Figures 7A and 73 show details of the operation of "sloshing" detection
devices respectively in a wireless version (7A) and in a version that is connected to a wired local network
(73); Figures 8A argiioBBghou regasiferf liyBdfre &tt80sutfadevinesements, or "beacdor’, based on

information associagpgewtitiythiguiiniree QWAJPOYREMSAts withig4Res 9A and 93 showgqkede of triggering
liquid free-surface rBP%’Sﬂ"ﬁQ&fﬂ?ées 'oqbggp{gqepsr eogémg é)eg'i,ﬁ %fl i&pformation associateg%y'tp triggering a
r

said device for 35detecting any hquid free-surface movements; Figures 10A and 103 show a mode of
triggering a device fOPbISERGAGINAN free-surface movements on the 14 basis of information associated
with the appedrance of a phightarikischapsseskqtan faed-karfagvewndhament type; Figures 11A to 11D
are diagrams relating\te thekacgtipitiaacaniiikencesassingadtmgignal by a fast SFourigidransform (FFT)

at different stages ifthereReSsS Qi dRR YERtIAN the taMIB RS AGARNd 123 are diagriams of the signal
being processed by qflP er spectral densit gPSD?]at different stages of the process of the invention; and
3 kg aogeiel

10- Figures 13A and rSHYEP Hal ;being processed by an energy spectral density (ESD)

at difference stages of the pi8ti8ssigruRtamvisytighan LNG tanker ship
10 having three tanks fitted with devices for detectin g

liquid free-surface movements within said tanks;
- Figure 4 is a cross-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 effect thermocouple;
- Figure 4A shows a detail of the device of
Figure 4;
- Figure 5 is a plan view of two LNG tanks fitted
with liquid free-surface movement detection devices of
20 the radio transmission type;
- Figure 6 is 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 t he
ship via a wired local network;

25 - Figures 7A and 7B show details of the operation of
"sloshing" detection devices respectively in a wire less
version (7A) and in a version that is connected to a

wired local network (7B);
- Figures 8A and 8B show a mode of liquid free-

30 surface movements, or "beacon", based on informatio n
associated with the ship's own movements;
- Figures 9A and 9B show a mode of triggering liqu id
free-surface movement detection devices on the basi s of
information associated with triggering a said devic e for

35 detecting any liquid free-surface movements;
- Figures 10A and 10B show a mode of triggering a
device for detecting liquid free-surface movements on the



Figure 1 is a cross-section of an FSRU type ship 1 that is anchored by lines Ib connected to winches Ic,
15being installed over an oil field and receiving, via pipes (not shown), gas coming from undersea well

heads, said gas being processed on board in installatio

|d so as to be cooled to a temperature below

-163C and stored in liquid form 3 in tanks 2 prior to being transferred to 20methane tankers that are used
for transporting said gas, still in liquid form, to users. The tanks 2 are in the form of rectangular
parallelepipeds presestngf infoivnat®ob240etian 3viavirgappeadtanoe20 m, a length ofef@m, and a height

of 30 m, and the Iarg%%mgyt@mwf@gggg@@gm& @Bg ship is fitted with devices 5 for
detecting liquid free- surfac'g %wgpélgwg ﬁﬁoar%f(a{‘[’@g%@ﬁ%%wﬁ tmgcons or indeed as "sloshing

detector devices" of the inve

at the 30Iong|tud|n£‘@+5§tﬁqﬁ@@éﬂﬁsor@%eﬁé&ﬂl8m%@

lon, 1.e. four wireless

uated close to the corners of the tanks
ﬁaﬁort, level with the deck 4a and low

down inside the hulFedrigiritacstoim (ré Wail 2ifarenthtagesrinahésulation system 2a of the tank 2, and on
the right or starboaistobes’ bighaipwandideyy down inside the hull, in 35contact with the wall 2a-1 of the

thermal insulation system

proximity of:

wall 2g; and 5- dihe SIFETAG

dihedral- formlsg%%orners

Qfdbg sank 2 1%@ are Mgéﬁaﬂqggﬁﬁ{g gk,geacons 5-1 are positioned in the

Ide wall 2f meets a transverse side

Ot ESErS 55 i C&"%&Z%&Wall 2h meets a longitudinal side

wall 2f and a transvafs¥ &4 STAREE R K RECRARAIIIPRIBANEAINNE tank. The tanks 2 44 secured to the
hull 4a, 4b vidQOcarrier stitigunes 1BAGirithé 3Betat besgratypetiizd aignal

15

20

25

30

35

being processed by an energy spectral density (ESD)
difference stages of the process of the invention.

Figure 1 is a cross-section of an FSRU type ship 1
that is anchored by lines 1b connected to winches 1
being installed over an oil field and receiving, vi
pipes (not shown), gas coming from undersea well he
said gas being processed on board in installations
as to be cooled to a temperature below -163°C and s
in liquid form 3 in tanks 2 prior to being transfer
methane tankers that are used for transporting said
still in liquid form, to users. The tanks 2 are in
form of rectangular parallelepipeds presenting a vo
of 24,000 m 3 having a width of 20 m, a length of 40 m, and
a height of 30 m, and the largest tanks may reach o
exceed 60,000 m 3. The ship is fitted with devices 5 for
detecting liquid free-surface movements, also refer
below as "beacons” or indeed as "sloshing detector
devices" of the invention, i.e. four wireless beaco
situated close to the corners of the tanks at the
longitudinal ends of the tanks, respectively on the
or port, level with the deck 4a and low down inside
hull, in contact with the wall 2a-1 of the thermal
insulation system 2a of the tank 2, and on the righ
starboard, both high up and low down inside the hul
contact with the wall 2a-1 of the thermal insulatio
system 2a of the tank 2.

at

ads,
1d so
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uniformly 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

15walls of the hull of the ship.

The beacons close t

e top corners 2d are positioned either on the

deck 4a of the floating support, or else against a longitudinal side wall 2a-1 of the insulation system facing

the side wall 4b of the hull of 20the ship.

The beacons situated close to the bottom corners 2g are

preferably situated againMasigecisd\2dhe bEtHuenssiihton gystemezaf the tank 2 inside the hull and
facing its side wall 4he Zrdaigpefation of the beacons is described in greater detail below in the

generally slightly rou

description of the invention,. 1 f 3 liguli 1ane (LNG) within the tank 2 is
igh asrha{ ﬁ%r;%?(fﬂﬁcﬁ?t]ﬁge% év%cﬁ?ﬁmﬁé’ﬂ%f rgéﬂ&g@}ggﬁé excited by 30the swell, the wind,

and the current actif

DR M LEMBES AT BIGF L@ Londitions, this roughness can increase

and lead to lar§e waves bélitigdedicforatnsnbpitowatiorog th@gamesdithean lead to waves breaking against
said walls. 35Whenisaibngvadl Vere essoksiehithei rhlipidie suldjestea to sea conditionsdige. swell, current,

and wind, and the qggﬁg%&fetg%g%ggp%%ﬁi%ﬂbq{@éma \%nggf;ted to 16 continuoqﬁeexcitation from

said swell, said currep}g and said wind.
which swell reboun&%

is causes a kind of confined swell to form within the tank 2,
gainst the side walls 2f and is therefore reflected while retaining its 5own energy,

i.e. Its period and its amphftfi@Nks 2 aEsRCHedsirasd ! Pt greater or lesser extent depending
on sea conditlons. Sareikastnattected indhibenvaytalgasast thpenhls aecombines and may then tend towards

states of cjecreasing,,ﬁgggﬁ@gﬁg%@@@@&]{g@ﬁg@ 'wma{aﬂ@ﬁ,@&gﬁ with a phase offset, or towards states
of increasing roughfess, WHRLIS A BlHRLY B2 BRSREVRIRSS

15

20

25

30

35

the covering 2a of the tank 2 (itself secured to th
walls 2f, 2h of the tank 2) and secondly to the ins
walls of the hull of the ship.

The beacons close to the top corners 2d are
positioned either on the deck 4a of the floating su
or else against a longitudinal side wall 2a-1 of th
insulation system facing the side wall 4b of the hu
the ship.

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

The operation of the beacons is described in great
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 exci
the swell, the wind, and the current acting on the
Under poor sea-and-weather conditions, this roughne
increase and lead to large waves being reflected on
walls of the tank and can lead to waves breaking ag
said walls.

When sailing or when anchored, the ship is subject
to sea conditions, i.e. swell, current, and wind, a
content of the various tanks is therefore subjected
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e
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Thus, when the ship 1 is subjected to external swell 10, whether coming from the high seas, or due to
wind or 15to currents, the roll, pitch, yaw, sway, heave, and surge movements of the ship excite the liquid
free surface contained in the tank 2 and resonance phejmena can then occur within said tank, as a
result of the way in which the above-described multiple reflections against the 20walls of the tanks
combine. These phenomena can be violent and lead to a risk of damage to the system for retaining and
confining the liquefiedngasoti$ egeitpkiendroensadbsnetipsais carstotmy weather only, hutnechn also occur

even in moderate 25x¥ygaMer., m@&g@@ww;gﬁﬁ@@m@@@d with the behaviorsgfithe ship, the
shape of its tanks, W%w%ﬁeyaeéﬁckvm(f&s% q%g %@?h cur together. Fqé eexample a
cantheig

transverse swell of low amp itude, €.g. having a si s = 1.25 m, associated 30with
particular periods, &'§¢/l§ & anchishags Qﬁd?ﬁ?%teﬁrwggﬁt?%%ger when the tanks %e full or empty, or
indeed at intermediawnfigiiiajdeviesds itsureditosomd [iscivelitutdae A8g. 70% to 80% full, ®sonance
phenomena will appesuiit)niesatiabepirisigarieengitans, derdisg to 35the liquid gas cargo behaving

dangerously in a mappeg émg,% lsaddg %hﬁ@kme‘ﬂeﬂ Miglently in resonance gggainst the walls of
the tank. Such breake‘hs‘ 17 can thén Jead ama:&%or eveva to de%tructlon of the confinement or

insulation system, tife Byvﬁﬁtﬁﬂa'?ﬁétéﬁlﬁ’%f dr OISR At danger. The st%‘ngest movements

and turbulence tend%@&&@iﬁﬁj%@éeﬁl%@%?ﬁéﬁl%ﬁ?%@%ﬁﬁ@%g|tud|nal ends of the tanks, and more

particularly thE0seveeeshitripatis) dakes pidee witthe phihsdmifsetreated by the ceiling awaedtank together

with two vertical sidgé(y@él%f%g@@m%d@ﬂhmeMinéﬁyﬂqﬁ vertical cornergyd at the ceilings

of the tanks constlttgﬁg gre, when breaking does take place, there is a risk of very violent impacts
e tr|

occurring because ron shape defined b%)/ the two vertical walls
)

us when the ship 1 is subjected to external swe I

10, whether coming from the high seas, or due to wi nd or
15 to currents, the roll, pitch, yaw, sway, heave, and surge
movements of the ship excite the liquid free surfac e
contained in the tank 2 and resonance phenomena can then
occur within said tank, as a result of the way in w hich
the above-described multiple reflections against th e
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 th e
liquefied gas. These phenomena do not occur in sto rmy
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 t he
level to which said tanks are filled, all occur tog ether.
For example, a transverse swell of low amplitude,
e.g. having a significant height Hs = 1.25 m, assoc iated
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 phen omena
will appear under such particular conditions, leadi ng to
35 the liquid gas cargo behaving dangerously in a mann er

that might lead to swell breaking very violently in
resonance against the walls of the tank. Such brea kers



and the ceiling of the tank, which is why the beacons 155-1, 5-2 are advantageously placed in the
proximity of said corners of the tanks. Figure 2 is a cross-section through another ship 1, here of the
methane tanker type, that is fitted with liquid free-surfacg,movement or sloshing detector devices 205-1,
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 decgda thethatiim daeszybeacorsn 26 destroomicating by radio with a tentral supervisor 6,

preferably a person@émmﬁ{&Pﬁ%gmgggm&erﬁ@@w Lﬁﬁ’h@ﬁj in the control sta{on, preferably on
the bridge of the shg?ig\/éﬁ]qtqg Hr%a&% § deglwaawé‘pcatmg by radio with the other beacons 5-1, as

explained below. 3 e r| to star red type beacons 5-2 are installed on the deck la of
the ship, these beacons JoIfil] @Wﬁf’?ﬁ@%é‘%@é@ﬂlﬁ”%b@? iDr 6 via a computer local network
5d-3. Mobe parficunaviptere bﬁwﬂm@mﬁm&m@%@i orthogonal sectionfgith a ceiling wall
made up of a horizanias eefieatanal 2ev@ ok tpartiiaRing tisleseilitng 18 walls 2e-1 going down towards

the longitudinal sidqm@gﬁggfe crérahgé‘?ntﬂ%ﬁlﬂg%ﬁcﬂ@%?éﬁtgerﬁffﬁ of trihedron shapg at their longitudinal

ends, i.e.: 5- first trlhe rons, d fi)rmed by a longitudinal | 2f, an end transverse wall 2g, and the
adjacent sloping ceqeﬂ SII Sr %H(ﬁ%g I%ﬁdvf ed by an end transverse wall 29 and

by two adjacent ceiliffi} %ﬂ&%@%%haﬂa@ateral Wa"

10 The vertical corners 2d at the ceilings of the tan ks
constitute zones where, when breaking does take pla ce,
there is a risk of very violent impacts occurring b ecause
of the trihedron shape defined by the two vertical walls
and the ceiling of the tank, which is why the beaco ns

15 5-1, 5-2 are advantageously placed in the proximity of
said corners of the tanks.

Figure 2 is a cross-section through another ship 1 ,
here of the methane tanker type, that is fitted wit h
liquid free-surface movement or sloshing detector d evices

20 5-1, 5-2 of the invention, with the sloshing phenom enon
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 1a of the ship, these bea cons

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

30 On the right, to starboard, two wired type beacons 5-2
are installed on the deck 1a of the ship, these bea cons
communicating with the same central supervisor 6 vi aa
computer local network 5d-3.

More particularly, the tank 2 of the ship presents

35 an orthogonal section with a ceiling wall made up o fa

horizontal central wall 2e-2 and two sloping side ¢

eiling



10arranged at an angle relative to each other. As shown in detail in Figures 7A and 73, the beacons
5-1 and 5-2 are constituted by the following elements: a) a vibration sensor 5a consisting in a
vibratory accelerometer, more precisely an acceleromefgy capable of 15measuring the variations as a
function of time in the accelerations g of the vibrations of the wall 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, siaite2e20gosypgonte domatbe thellaidhedsmab sidehe floating supporvaltsd is securely
fastened thereto by-g carrier structure 11, which structure transmits vibration from the tank 2 to the hull
la-1e of the shlp; more prr%cél%gI%n%ﬁ%g%TS%%rmgFﬁé§saég m{g&@w%ﬁegcglero.meters kn%wn 25t9 the
person skilled in the art, i.e. they are suitable for measurlngﬁlnear acceleration in three directions in
space, and they arépHasdr NG HlL ESWR LR of the piezo-resistive type, capable of measuring
acceleration ower a range éxattitiadrarsmPddeonedhviadengivdiiaksith 30order to pick up @ibration in the
most faithful mannegatheseheadaresacse asiengdagaiesidipeavalls to which they are fastened by

yvelding or by adhe§i|\5%;ng ceﬁ%ﬁ%%!l?ﬁgﬂmﬁ_ §§1§9L§r§'@n unit 5b cpmprising a microprocessor.and
incorporated memory; and ?@% dataé%nsmls ion meanz 5d, which m@ be of two types: - wireless
e - )

beacons 5-1; or 19  wired 6_8% grr.neqiﬂﬁ]e\wli?&g réaB%\ée(:rgﬁng- said transmissior’means
comprise an antenrf'8d) RPdiaeEcalivgsvRISstidbrerdritaindforming the electril signals provided
by said 5calclitatioramaib Gdxliatanaaing e aslasyevtocdrachditherave s

As shown in detail in Figures 7A and 7B, the beaco ns
5-1 and 5-2 are constituted by the following elemen ts:
a) a vibration sensor 5a consisting in a vibratory
accelerometer, more precisely an accelerometer capa ble of
15 measuring the variations as a function of time in t he
accelerations g of the vibrations of the wall against
which they are fastened. These vibrations of the w all of
the deck 1a on which they are fastened are associat ed
with the vibrations of the walls of the tank 2, sin ce it
20 is supported by the hull of the ship or the floatin g
support and is securely fastened thereto by a carri er
structure 11, which structure transmits vibration f rom
the tank 2 to the hull 1a-1e of the ship; more prec isely,
these accelerometers are three-axis accelerometers known
25 to the person skilled in the art, i.e. they are sui table
for measuring linear acceleration in three directio ns in
space, and they are preferably accelerometers of th e
piezo-resistive type, capable of measuring accelera tion
over a range extending from zero to a maximum value . In
30 order to pick up vibration in the most faithful man ner,
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 c) data transmission means 5d, which may be of two

types:
- wireless beacons 5-1; or



are transmitted from an antenna 5d-1.

With wired beacons 5-2, said transmission means 5d comprise

cables 5d-3 connecting a signal-processing interface 5d-4 suitable for making the signal suitable 10for
being conveyed via said cables 5d-3, preferably opticalfiper cables, combined with interfaces 5d-4 that
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 15include a device for detecting movements of the ship
Sc, in the form of an inclinometewied bebpensl&har type, or an inertial unit, preferably suitable for

determining the roll angle gt sifgsabhéh-ehihe hubef theshibspsrhidarloating support. 20The device

BIERAEICE Ao IREH]

5c is suitable for tri ' ivafi [ iccal ' it 5b in order t th
processing of said '%%%Eh%?ﬁ‘%‘%‘ﬁéﬁ@}%ﬁf&ﬁ%%%ﬁi%‘én&%ﬁ%?éﬂ‘er clecironte caEiSion units 5b o

other beacons of thi9SXATS AN

P¥r the floating supporifhe triggering of

the activation &f saigaétetaiionicvafRiuiatoradisitvakiey whick feoin W predetermined thr@gmld value for the
amplitude of the mayemantsmtéadshmpreiierall\sa-value for the angle of inclination of the wall of the

30hull of the ship, said thWﬁHWé’d’l&b’%\?@”%gs@z_@éw&%%E‘Sﬁ%ég/ﬁs%?)d preferably lying in the range

5% to 10% relative to the.verti

lan view of an LNG tanker ship having three tanks

qti]l. . _I%liure 3is a% )

2-1, 2-2, and 2-3 of?é)%rbsc?n%? Sét_loch, t %nggﬁ%igt ?1923,%0%@?&}9 being fitted with four beacons 5-1
of the wireless typel®EffRCHVEriSHIARE KrieMIANCABIBTEE B 3he deck of the shipP the 20 outer
vertical cornet8 2d édrdaaihtaodnatyesilviagshaidinablendsd-3, prEfierabigdle tank 2-2 is also fitted with four

beacons 5-1 installeghiiggidh e £68: NighBmBeaeMmiteeutesd-4

15

20

25

30

35

transform said data of the electrical signal delive
the electronic calculation unit 5b into light signa

In a variant embodiment, the beacons 5-1, 5-2
include a device for detecting movements of the shi
in the form of an inclinometer, e.g. of pendular ty
an inertial unit, preferably suitable for determini
roll angle of a side wall 4b of the hull of the shi
of the floating support.

The device 5c is suitable for triggering activatio
of said electronic calculation unit 5b in order to
perform the processing of said steps b.1) to b.3) a
of said beacon and of other electronic calculation
5b of other beacons of the same tank and of other t
of the ship or the floating support, the triggering
the activation of said electronic calculation unit
place from a predetermined threshold value for the
amplitude of the movements of the ship, preferably
value for the angle of inclination of the wall of t
hull of the ship, said threshold value being a roll
of at least 5%, and preferably lying in the range 5
10% relative to the vertical.

Figure 3 is a plan view of an LNG tanker ship havi

three tanks 2-1, 2-2, and 2-3 of orthogonal section
first tank 2-1, to the left, being fitted with four
beacons 5-1 of the wireless type of the invention,
are installed outside on the deck of the ship, at t

that
red by
Is.
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5side wall le of the ship and the outer wall 2-1 of the insulation covering 2a of the LNG tank 2-2. Finally,
the right tank 2-3 is fitted with eight devices 5-1 as in Figure 2, situated respectively at the four corners
2d, on the outside, and at the four corners 2c where the,40sloping walls 2-1 of the ceiling join the central
wall 2-2 of the ceiling of the tank, as shown in the section view of Figure 2. The devices for detecting
liquid free-surface movements, or "beacons" 5-1, 5-2 are installed either 15directly in contact with the
outside wall 4a, 4b otithevshiipapceferablgddtisaitbizliotiies deck 4a of said ship as shown in Figure 2, or
inside the ship, e.g.|ipgt0amanayddn the space between the side wall 4b of the ship and the insulation

covering 2a of the LNG tank, ﬁ\?d%ﬁ)esth‘?t]%iﬂ Eig&rgﬁtget%%ltﬁ-ﬁ 1R élla?/] event, the device 31, 5-2 for

detecting liquid free-surface movements Is secured e wall on which it is installed. It is fastened either
mechanically by wekiinf Salest B B8IHGSYP RGP RAMLSEHESLRlY merely by adheYiGé, so 25 that any
vibration of sail walitetrealsheiteéthiz Soip tanthéhdeviter Ball B-2 ofith a minimum of attéiation. Thus, the
detection devices 5idsflafidiie St gReads theteNaoiatk @it Friaking place inside thg NG storage tanks.
30The sloshing detﬁﬁmrtgﬁk/iﬁ-%%iﬁt?éﬁ‘ﬁﬁtﬂfetilaﬂt"&iéﬂ@% typeS-1, in which case it trgnsmits its

r.else it is of the wired type 5-2, jn, which case it

information by radiq,.as shown in Figures 5 and 7A, o
transmits its inform%l’%w,e(ra%.s Eﬂlﬁggﬁgpﬁcg\(ﬁlye&?cg%bﬁ%?%%al network 5d-3, as C?‘Iown in detail in
e

Figures 6 and 73. 2D the outside, and at the four corners 2c where th e
10 sloping walls 2-1 of the ceiling join the central w all
2-2 of the ceiling of the tank, as shown in the sec tion

view of Figure 2.
The devices for detecting liquid free-surface

movements, or "beacons"” 5-1, 5-2 are installed eith er
15 directly in contact with the outside wall 4a, 4b of the
ship, preferably at the level of the deck 4a of sai d ship
as shown in Figure 2, or inside the ship, e.g. ina
gangway, in the space between the side wall 4b of t he
ship and the insulation covering 2a of the LNG tank , as
20 shown in Figures 1 and 4-4A. In any event, the dev ice
5-1, 5-2 for detecting liquid free-surface movement sis
secured to the wall on which it is installed. 1t i S
fastened either mechanically by welding 5-4 or by
bolting, or indeed advantageously merely by adhesiv e, so
25 that any vibration of said wall is transmitted in f ull to
the device 5-1, 5-2 with a minimum of attenuation. Thus,

the detection devices 5-1, 5-2 are so to 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 it is of the wired type 5-2, in which case it
transmits its information, e.g. by means of a wired
35 computer local network 5d-3, as shown in detail in
Figures 6 and 7B.



In Figure 7A, the sloshing detector device or "beacon" is of the wireless type 5-1. It is constituted by a
three-axis accelerometer 5a connected at 5a-1 to a calculation unit 5b, the assembly being powered by a
Ssupercapacitor or a battery 5e, preferably a lithium prigmary battery having a very long lifetime. The
information derived from calculations performed within the calculation unit 5b is transmitted by radio via a
radio transceiver 5d-2 fitted with an antenna 5d-1. 10In the wired beacon version 5-2, shown in Figure 73,
the beacon is constitutedibyFaytiheetrake atrs B ettt Galeviveanted to a calculation unit 5b, the namely

being powered via S%Q@ha,g@w%mblmgglwgeogqnqg@gdﬁgts The information thagggpults from
calculations perfor CLZJ@% %h%% %h% %’%ﬁﬂﬁ%gr%t %tﬁrln% é{gﬁ%mg%eg to the central urlsg ? Figure 5is a

plan view of two ta eir four corners with wireless type beacons and one of the
beacons 5-la has just Ipahion-HoM by BIFRSSSHRYIREMERPURIGEPS c and therefore Gmmunicates by
radio with the entrabperanesitos iriibgitersibef fieferhkly lsdébibns 5-1 of the two tariRs in order to
activate them. In thersaarg baaenehdvigyre ety fptatatiave offiwo 25tanks 2-1, 2-2 fitted at their four

corners with beacorﬁfgprrgaq haired Wﬁ’c‘é\%ﬁ%ﬂg £ Witkyths central supervisqgy; 6 and with all of

the other beacons v(ba aloc 1 aFetwork gﬁg -3, W tgdggoes of beacon, whether wireless 5-1 or 30wired
5-2, the mode of op FRHBITYLHRD S gr%%rg 5‘(9{8” With reference to Flgur%s 8,9, and 10. In
the absence of any R§0drABHES ME RS ShiliiedIvaiee BakEBIR 4 at rest, on standby, and consequently

35they consutfie very littlenehengiyedhedc s esisided Hbadvankge éor the battery-powased wireless

beacons 5-1. the beacon is constituted by a three-axis accelerom eter
5a connected to a calculation unit 5b, the namely b eing
powered via 5d-6 by a network type wired connection 5d-3.
The information that results from calculations perf ormed
15 within the calculation unit 5b is transmitted to th e
central unit 6.

Figure 5 is a plan view of two tanks 2-1, 2-2 fitt ed
at their four corners with wireless type beacons 5- 1, and
one of the beacons 5-1a has just been activated by the

20 inclinometer device 5c and therefore communicates b y
radio with the central supervisor 6 and with all of the
other beacons 5-1 of the two tanks in order to acti vate
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 be acons
5-2 of the wired type, communicating with the centr al
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. Iti S
described in detail with reference to Figures 8, 9, and
10.
In the absence of any movements of the ship, all o f
the beacons are at rest, on standby, and consequent ly
35 they consume very little energy, which is a conside rable
advantage for the battery-powered wireless beacons 5-1.

When activated, each beacon communicates individual ly



When activated, each beacon communicates individually 22 with the supervisor computer 6 that is
preferably situated on the bridge, as shown in Figure 1. Furthermore, said beacon simultaneously informs
all of the other beacons and activates them, which beacgns then Sput themselves in a mode for acquiring
data, processing data, and communicating with the central supervisor 6. In Figure 8A, activation of a
beacon is caused by the device 5c, of the inclinometer or inertial unit type that is responsive to the ship's
own movements. Awédithé GsiperaiBa thputaed thattisepceienailgupervisor 6 and a radio signal 8b is sent

to the set of beacorgstuh@rdightm@w,\@@ HieanoWRGe |ERaacon is activated, the three-axis accelerometer
5a sends its data tolituhﬁh%?;ﬁ#@ti%gi #]Bl(% ;&W?ii&kﬁlpgﬁ)%%&%}d%%zﬂrticular manner tgfat is 15explained
itS the data S

below, and then transmits a at results from the processing of the signal by radio to the supervisor
6. Said supervisor BMRGHEFREASLS NS AFHY AL PRRWRIFHYEHPVSrious beacons §18M5-2 and is
therefore in a PositipHttieesaiviadniaanodg ivreasavisbng 2B¢4.theokigaid free surface irsi@ tank in order to
determine whether gaid, ravg boesauRivatianNganh ahdcoshnaltoupesidag that is damaging.to the installations.

The supervisor 6 prefera@}yﬁéﬁgé%m’eagmtmﬁlﬁdd%‘;%w% vagieds ancons into a mathematical model

25enabling it to deli\her |Iotln% cor?égandgl[iecompendatlo 1S for.tthe ship in terms of speed and/or direction
for reducing or eliml St_ dfh ﬁsﬁ S modpe ] I'ﬂS 12 YA the activation of a canB_Fation unit 5b of
the beacon 5 is cau§d iByesPRaR\VSI iR AN BB UB MY IDANRERForft a first beacon or FP¥radio signal 8c
coming from fite cenigabsBpas\isan 6eriftertiichesntiseIfypekeidar® data coming from saddiest beacon. The
process of acquisitipgynelgranemissien: /st etbinkigwiss 98 o then identical to thgédegscribed above

with 35reference to %%Fe%?’em (grjﬂglQb@a’é&ufseajc%‘at%&)qﬁgqﬂriS activated by a sé%rjal coming from its
I ma '

accelerometer 5a, which signa . i
axis accelerometer 5a sends its data to the calcula tion
unit 5b which processes it in a particular manner t hat is

15 explained below, and then transmits the data that r esults
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 le ading

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 recommendat ions
for the ship in terms of speed and/or direction for
reducing or eliminating this risk of sloshing.
In Figure 9A, the activation of a calculation unit

5b of the beacon 5 is caused by a radio signal 8b ¢ oming
30 directly from a first beacon or by a radio signal 8 c

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 i n

Figure 9B, is then identical to that described abov e with

35 reference to Figure 8B.
Finally, in Figure 10A, a beacon is activated by a
signal coming from its accelerometer 5a, which sign al may



23 be caused, for example, by a resonance phenomenon of the LNG liquid free surface when the ship's
own movements are small or insignificant, said movements of the ship not being sufficient to reach the
threshold for triggering Sthe device 5c of the inclinometggor inertial unit type. The beacon then sends a
signal 8a to the central supervisor 6 together with a signal 8b to all of the other beacons in order to
activate them. The acquisition and transmission process as shown in Figure 113 is then 10identical to that
described above witle redesedc&tekagopee OBy Roesdnad cophectiores &<, the same ihfbemation as that

described with refeigges;tRifigeees i cammehdibaape iemtmmRdipgennections pagsesdn known
manner 15over the %rﬁfjolpff}%li @%%&# %gld?’ mecﬁgmgcgﬂhoquﬁﬂ)er all of the beacon% &nd the central
star c r

supervisor 6, in series, In a star configuration, or in a ring configuration. The processing of the
signal within a bead¥Hi§ iSUSHLABLIA Eﬂaﬂ?éhﬁﬁgmﬂ}qr?qfiﬁw 11to 13.  In norf'& operation mode,
i.e. not during Self-ttaéniieyigjbstohde sekjmmeiaiadripa@béidw, when the beacon i¥/Réggered, e.g. by
rolling and/or pitchimpexeaedinthargicenshiesielise ©.tae peraeived by the 25inclinometer 5¢, the

calculation unit is a‘é’L%@ﬂfi%F%X@éﬁié‘?%iEﬂ%ﬁWi&ﬁm gignal, of the exact pegod of said

rolling/pitching, and tthus of the deqgree, of risk af moyements of the liquid free surface being excited and
amplified so as to d%&gﬁgfftgﬁ'ﬂ?d P&gﬁfnté), %Crf'\fﬁ&egg%@;% ?r%%ﬂHbmatical models c?ftl'l(%f]uid free surfaces
within various tanksAO BN HEESOBINELRRAS iRHRAVBHORIIREFIdB & 11A, associatedfith said excitation
period, i.e. s&i@ rollinigraivaddo pitahdes @édrentazoe vaihgefefemasctancorporated in the calculation unit 5b,
various types of 35piggRssing are performed depending on the configuration of said signal.

For wired connections 5d-2, the same information a S
that described with reference to Figures 8, 9, and 10
that applies to radio connections passes in known m anner
15 over the wired local network 5d-3 that connects tog ether

all of the beacons and the central supervisor 6, in
series, in a star configuration, or in a ring
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 pitchin g
exceeding a given threshold, e.g. as perceived by t he

25 inclinometer 5c, the calculation unit is aware, mer ely by
direct measurement of the signal, of the exact peri od of
said rolling/pitching, and thus of the degree of ri sk of
movements of the liquid free surface being excited and
amplified so as to degenerate into sloshing, on the basis

30 of mathematical models of liquid free surfaces with in
various tanks. On the basis of the time signal sho wn in
Figure 11A, associated with said excitation period, i.e.
said rolling and/or pitching period, and using soft ware
incorporated in the calculation unit 5b, various ty pes of

35 processing are performed depending on the configura tion

of said signal.



24 Thus, an FFT serving to convert said time signal into a frequency signal g = f(Hz), in a manner that
is known to the person skilled in the art of signal processing, is always performed and is well adapted to a
Spulse signal with little resonance, i.e. having few harmgpic responses, which signal may be of large or
small amplitude, but is preferably centered about a frequency. In Figures 11B and 11C, there can be seen
the diagram of acceleration (g) as a function of frequency 10(Hz) corresponding respectively to
processing the signal by reamswofrT BEVi(fggoebtd) aad &fter diljeehg out background noise (Figure
11C). Figure 11D |srﬂ@@g@wbm9\g|ggam@e Blerediomater filirring and signal proggssing by means of
an IFFT revealing % @0@ t'gk‘ﬁ? ﬁ@% gF]S%in sPe exceeded. On the basis of this FFT,

a power spectral denS|ty (PS IS C anner known to the person skilled in the art
in the field of signalbASESSYAg! ﬁ%ﬁl@ﬁfﬁ?@?\eﬂr@f@%wgﬁﬂf&g% an 20impact typ® &ignal, where
such a signal eéxciteibe sigried witibittiee eganansieip mdhading fé substructure of the tank and the tank
support, i.e. both lopalinaiid eepelseesanringitongly Bbait&deeguency; the adjacentditequencies and

their harmonics are n%ﬁ%xﬁlﬁ? reféﬂﬂ‘@&ﬂé@&%@hg%% u(ESD) =g2 X s/H Wap calculation of
the kind known to the per Skllleil ‘ﬂﬁa% naI essmﬁr# EPreferable for a transient signal,
%yeff é an averaging type process on the

whether short or long, sm pH{Sﬁ
duration of the time ﬂﬁﬁaﬂ‘s@f&ﬁ@%ﬂq@*%@:@s 8. @JWQPRHEQ@UQS shown in FigureA@A.  Figures
12A and 123 Hie gréfscontbsihenfiing tiespg2thiely lotied egs shng ondisate and frequendgride plotted 35along

the abscissa, showifg fRspRGIVANVHE® GHHRLPIESRANAIRS Freragessing the signal y,means of a PSD

(Figure 12A), and a&gg@ghg&oﬁmgen&_l%% &tﬂ'&’ 2Egure 11D is a dia gram
showing time acceleration after filtering and signa I
processing by means of an IFFT revealing when prede fined

15 thresholds S1, S2, etc., are exceeded.
On the basis of this FFT, a power spectral density
(PSD) =g 2/H; is calculated in the manner known to the
person skilled in the art in the field of signal

processing. This calculation preferably applies to an
20 impact type signal, where such a signal excites the

entire structure of the ship including the substruc ture

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 2 xs/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 m akes
30 estimation possible by using an averaging type proc ess on
the duration of the time signal selected for the FF T,

e.g. over At=2 s, as shown in Figure 11A.
Figures 12A and 12B are graphs with the function

g2/Hz plotted up the ordinate and frequency Hz plotte d
35 along the abscissa, showing respectively the curve
corresponding to processing the signal by means of a PSD

(Figure 12A), and after background noise filtering



(Figure 123). Spectral power g2 is then represented by the integral of the function g2/Hz in Figure 123,
i.e. by the area that is shaded in Figure 123, and that extends between the curve, the X axis, and the high
and low 5filtering limits Fb and Fa. Figures 13A and,}33 are graphs of ESD plotting g2s/Hz up the
ordinate, i.e. acceleration squared multiplied by time and divided by frequency, and plotting frequency Hz
along the abscissa, the plotted curves corresponding 10respectively to the signal being processed by
ESD (Figure 13A) aiibafte i DBk Gmrotichinmsesfigering (Figure 133) réprespaettddyenergy (g2 )< t) is then
represented by the jptegialRfl heidnaheionds/Hz shown igykigrres;d@31 248, Ry, e area that is shaded in
15Figure 133, eme@ﬁ'&:”&r@(?%ﬁﬁ@ tgr?g(féjﬁ!\{ﬁ":ti%&)é f%égﬁr]{bdt ?&gh and low filtering lHE"g(S' After the
withi on unit i the t 8

signal has been processed within the calculat e three modes described above, the resulting
data is transmitted RFNEFRHRF LS IR & 850 8AR HFAYR A% 8% maximum threshold values being
exceeded. With PSitgtinadimitesiiitaas Slfown in Figure 123, the threshold for triggering transmission of
data to the central supenmguirédsi dafiretaBfaloyisiphs-itheD Pyothiacyrve exceeding teadlimit Pmax; the

transmitted data th%l?ﬁé henaliels) ﬁé&%r@ﬁ%&@%@@hﬂﬂiﬁ?sommed with the cgg%@ponding
frequency(ies) Fo, together. \é{ith the overall slj?ectral ?g% Véﬁr"g as represented by the shadeq;area in said
e

figure; 30- or else by ea89 'é{l'fjg ebc\fré?%%vé:?f’ﬁ LR é%qﬁﬁ%e integral of theQurve in Figure 123
exceeding a given VAR, 118 dPREISIARA AL /U RSSEMINERHARE 3 exceeds a pretiefined threshold
value, with th#0datardspeditreipsmitte ditirenh temptiveesdad by BSBaid overall spectral power, together,

\évgere Ia:ppré)gr[i)a:]e, Wﬁ@h?@qgﬂ?ﬁﬂtﬂéﬁ@ﬁﬂaﬁﬁéﬂb%w&@?f i | efd v]:/ith t.he re_spegti;/etfrequepcy(ie?).
or av e r , the threshold fqr tri ing data transmission to
Bl [ YR 107 B e

the central supervisor

represented by the integral of the function g 2s/Hz shown
in Figures 13B, i.e. by the area that is shaded in
15 Figure 13B, extending between the curve, the X axis , and

the high and low filtering limits.
After the signal has been processed within the
calculation unit in the three modes described above , the
resulting data is transmitted to the central superv isor 6
20 only in the event of maximum threshold values being
exceeded.
With PSD giving a result as shown in Figure 12B, t he
threshold for triggering transmission of data to th e
central supervisor 6 is defined as follows:
25 - either by the curve exceeding the limit p mase the
transmitted data then has the value(s) of the power
peak(s) P , associated with the corresponding

frequency(ies) F o, together with the overall spectral

power as represented by the shaded area in said fig ure;
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

said Figure 12B exceeds a predefined threshold valu e,

with the data that is transmitted then being the va lue of
35 said overall spectral power, together, where approp riate,

with the above-defined peak value(s) associated wit h the

respective frequency(ies).



- either by said curve exceeding a limit emax; the 5data that is transmitted then being the value(s) of the
energy peak(s) el, e2 in association with the corresponding frequency(ies) F1, F2, together with the
overall spectral energy as represented by the shaded as@a in said figure; 10- or else by the overall
spectral energy as represented by the integral of the curve in Figure 13B exceeding a given value, i.e.
when the shaded area in said Figure 1313 exceeds a predefined threshold value; the data that is
transmitted is then the vakor BESathvirigatieradbspstivalneindtigy tedStbethevhere appropriate, with the

value(s) of the abovgrdsfinaddankier

Ageaiaieshwiisishresprctive frequency(ies). entrhigure 12B

shows a single peagéﬂg%\@{gg%g%eﬁvqﬁ]?e%% %ﬁ(ﬁ@defined threshold Pmax. 20Figure 13B shows two

energy peaks el an

transmission to the centralSERIHIS NG KGRI By

neither o cn excee

s the predefined threshold emax, and consequently data
IfiSsignal relating tothe P8aks. In the event of

at least one prédefidatihaighdiaEbitpthtesadeiraitaanatyeie) Girious kinds of procedsing applied to the
time signal of Figurerdekdy pedlgsyabed aboveiwibssieitcaith the FFT, the PSD, and the ESD, all or

some of the results ﬁrf@@p‘fﬁﬁ%&fk@&%ﬁéﬂf&%@smg’ preI’e:gak)zlyt@(ye%éng@{qﬁQronous results of 30the

three kinds of processin
from other sensors, ¥t

PRSI RAP ISR R LY Y B

&8 surfaces in the

are transmitted to the cergt{al g}g&rw or' 6 for concatenating with data coming
g h i‘?ﬁj& behavior of quuig

various LNG tanks B #8&4l8IB€35By proceeding in this way, all real time calculation is performed by the
calculation urli@s 5b within tireslsednpotie hvardl eplyctra eesutfyodithe calculations are 27 sent to the central

supervisor 6, i.e. dgigHaabfidPPIPRe! ARG ADORdransiRadfliickly, unlike a time siggl which would
then occupy the tra@%@é&iﬂ& g&%mrmﬂetl%e m%rm%s&%%\g}ggr it is of the radiougype

15

20

25

30

35

said Figure 13B exceeds a predefined threshold valu
data that is transmitted is then the value of said
overall spectral energy together, where appropriate
the value(s) of the above-defined peak(s) associate
the respective frequency(ies).

Figure 12B shows a single peak of value P
the predefined threshold p max-

Figure 13B shows two energy peaks e
of which exceeds the predefined threshold e
consequently data transmission to the central super
6 is not triggered by this signal relating to the p

In the event of at least one predefined threshold
being exceeded during the various kinds of processi
applied to the time signal of Figure 11A, as descri
above with reference to the FFT, the PSD, and the E
all or some of the results of the various kinds of
processing, preferably all of the synchronous resul
the three kinds of processing, are transmitted to t
central supervisor 6 for concatenating with data co
from other sensors, within a mathematical model tha
represents the behavior of liquid free surfaces in
various LNG tanks of the ship.

By proceeding in this way, all real time calculati
is performed by the calculation units 5b within the
beacons 5, and only the result of the calculations

e; the

, with
d with

o exceeding

; and e , neither
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5or of the local network type. Thus, a time signal having a duration St = 2 s would occupy the
transmission medium for 100% of that time, whereas the results of the IFFT, PSD, and ESD are
transmitted only if thresholds are exceed and over a dusgtion of the order of 0.1 sto 10 0.5 s, thereby
very quickly releasing the transmission medium, and drastically limiting the energy consumption of the
beacons, since the main fraction of their energy consumption is drawn by said transmission means. The
calculation unit 5b c@Emiino duslyerecedisepataitod 6fricendbt skaisisr 5a, processes it continuously or

discontinuo_usly, stasgmpdbt i%ﬂ“&%_?ﬂﬁéﬁ?&ﬁé@r%é@f@%@,ﬂm@«é%b{zes the overalll bglg@vior of the.
system, mainly Wheg@ﬁ]% g\mg&g@m&r,[ﬁ(q%alég{:%g)g{ﬂ%@%@%ﬂ%%%%gocalm water, i.e., hout any risk of

liquid 20free surface us sloshing.’This o on correlated with the rolling and the

pitching of the ship SEHRE eGSR AhWIRIBRE USRI T6i€8%Rat is specific to the shi¥Rf the absence of
any significantmovenite deeabnjuier kry@eurfhvesaitnérsitieahbsence of any 25sld¥iig, and thus to
define thresholds suchuastithose deserhed il sefersnee teahignigsohledids and 133, relating

tomatcally wnthin e raining motie afer rernally
producing the resul{?sgcﬁ’tﬁgcﬁ(‘_féﬁ 56%&8-%52&5@2%!“@9@?%?@%@%85 of processing, or else modified by
the central supervis®fERer bR PRILESERR YVBE 1B Rl ddsS Bbplied to information coming from all of
the beacons,185 widekes stnehatyeratly proicksiake ésiogrtiedatec sutisthe actual behavioraof the ship and of
its liquefied gas cargrRdifm, arld RAstREAN Bh Er@r@,ﬁb@b&\ﬁiﬁm s DSP and DSEijihtheir
English-language egHMgIBQg%gn%DS%% %%%%gﬁ%&%ﬁﬂg e?FEYmeSBtO eliminate par%%g'g frequencies, in

general frequencies that are very low or ry IS filtering serves to eliminate so-called

"background" noiseCPESYAPHYE Hiaris RYSHdT B IALSSINN BEAEHt specific to the ship. A representation
is thus obtained of the roUdjlertaisutstibe ligibibfrasburtusdyviiesivesedaiak, in particular in terms of energy
10spectral dersity, Biraarbestizmtony pesrlssatansotimiuously or

discontinuously, stores it in its internal memory, and
over time analyzes the overall behavior of the syst em,
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 obser vation
correlated with the rolling and the pitching of the ship
serves to evaluate the background noise that is spe cific
to the ship in the absence of any significant movem ents
of the liquid free surfaces, i.e. in the absence of any
25 sloshing, and thus to define thresholds such as tho se
described with reference to Figures 11D, 12B, and 1 3B,
relating respectively to an IFFT, a PSD, and an ESD .
Over time, these predefined thresholds are either a dapted
automatically within the calculation unit 5a, which
30 operates in self-training mode after internally pro ducing
the results of the three above-described synchronou S
kinds of processing, or else modified by the centra I
supervisor after overall processing over long perio ds,
applied to information coming from all of the beaco ns,

35 where such overall processing is correlated with th
actual behavior of the ship and of its liquefied ga
cargo.



are measured are associated with the masses of the moving liquid free surfaces within the tanks, and
said energy spectral density is representative of the local roughness of the liquid free surface within the
tank. This energy 15spectral density is then compared igreal time with predetermined threshold values.
As soon as a predetermined threshold value is reached or exceeded, the calculation unit 5b performs an
IFFT, thereby returning to the signals representing 20variation in acceleration g as a function of t, but
nevertheless after elimindiiranskiibbagkyeokrehcio sebdeviatiptieBPemdientioned filtering SEages. Signals

are thus made availghieeipegglismna e edirvaraioss eircesisrption that are specific to the liquid
free 25surface as a functtgi%r%(lt}m{rﬂﬁ%éﬁyeesawglﬂg}ia{{'g@graﬁ%gntiaﬁy harmful sloshing occurring,
10 S nd to actua

together with the acceleration pea at correspo Impacts against the walls of the tanks, or

indeed to quasi-impceeNE SR 4B AaNeEal HeRUrRIRS MIALUAY RElY to 30lead in the WHPEhort term to
impacts that afe ham@fyhighthEhistééenposareenittkebimingiesofthe ship.  This infelietion, once
processed within thehgakepttatian HoiESN.is transoitdedaoptipealbdat regular intervals, g the central

supervisor 6 that th@ﬂvi?énﬂ’f@ﬁ?%@éfﬂ:‘|t8ftﬁéesﬂf?3t.a ,&'?Qp?@?&iﬁ&ﬁowe location of the slgshing phenomenon
in terms of tank number ﬁd.the ef ct Ioc%Bon of th&rouﬁlnﬁss or the actual sloshina 9 Impacts,
trﬂ%" t Ha

possibly also quan _ﬁ_go angd 9_ e'r8_5‘j Q%Sr?e%fo e d fere appropriate. own in Figure
11D, the calculatioV{ifdedR8 RRKintRaEa aldidArIIHCb B RIGdntageously defines a Splurality of
thresholds, elf) twosthresaladéssity, santieshth idstacddyZidoelevavonish the information isttr@nsmitted on a

routine‘ba'sis at regH]@rrﬁggswﬂgglargpg%gimwmﬁ,tﬁ@%gggé@(y_pm@h the Interval befiggiytwo .
transmissions is Shﬂ%ﬁﬁ% Fgg?%‘{f@%%i%mﬁ‘mﬁéqgﬁ%l’%ﬁ?te@s%%%@k of resonance ph(? mena occurring
&

that might lead to ha 0 second t 2 above which transmission is much

more frequent, e.g. TRREHAIGERSEYE FERBTR A S Id M 258 'R hen considered by #Ee&htral

supervisor of the liquid free surface within the tank. This e nergy
15 spectral density is then compared in real time with
predetermined threshold values.
As soon as a predetermined threshold value is

reached or exceeded, the calculation unit 5b perfor ms an
IFFT, thereby returning to the signals representing

20  variation in acceleration g __as afunction of t _, but
nevertheless after eliminating said background nois e
during the above-mentioned filtering stages. Signa Is are
thus made available in real time showing the variat ions
of acceleration that are specific to the liquid fre e

25 surface as a function of time and revealing any ris k of
potentially harmful sloshing occurring, together wi th the
acceleration peaks that correspond to actual impact S
against the walls of the tanks, or indeed to quasi-
impacts, i.e. resonances that are growing and likel y to

30 lead in the very short term to impacts that are har mful

for the integrity of the tank, and thus of the ship
This information, once processed within the

calculation unit 5b is transmitted, optionally at r egular
intervals, to the central supervisor 6 that then

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

exact location of the roughness or the actual slosh ing



156 as having priority over the other beacons, so long as they have not also reached said threshold S2.
The mode 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 effegy200f modifying certain parameters in the
software Incorporated 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-trainingnpa@$ahssdiipraledtheaotiérial bedhawptimdd of the results of analysis by the various

beacons and by theypeRABRlcHIPENVIRIE Bpphsomal parameters are thus set initially at conservative
values, i.e. the thresholdsAgr %%q@w%mghﬂﬂp eaggﬁ én%% %ﬁ)}gggsgpdated automatically over 30time
unc

to values that are more constraining.and more realistic, as a tion of the real behavior of liquid free
surfaces as related WL BB FAFBIAIPIME YD AEMANRRGEUTH HEMhen the installatiofiiSstarted, e.g. the
ship being in harbopbirgilingthresieisy spebodhradhaldziim sea, the analysis of the signals from the
sensors 5a makes it possiblérgetyrgsichty snddowakinida menafordesmaalm situations, to characterize the

background .30 noi%etmﬁgﬁﬂ@gigﬁig %ﬁhﬁé%é%ﬁ@&tﬁgr‘%mi%te it effectively Whedge@,erfo.rming FFT
type processing. The main. ranleters th%éare et n&t]lalll)g1 but ¥ha are allowed to vary over time as a
PO Y

result of self-traininSPgﬁ%dt oV Sr’a?_?&/? , &n t%\(ﬁ_\ﬁg Ys, a few months, & few years, include
the following, amonty4? BREFISSIONthis shiRgesed \aRidhedheines periods of the shigl@imum
value-maximam valisehémea rigk thfeesinahckgrmogesea tetargeatnaunts of movement of liquid free

surfaces, as a funciiggrafika@vorHiiReleyssniagthmtanks; the frequency passband ranges (minimum
value-maximum value fo.rg'&%@gﬂ&@ﬁ@&%ﬂéﬁ%}g\% WHQ&?&%R@ efined thresholds Si, 52, etc., when
an the'e pectral Tev

performing FFT and IFFT; ner]gy or power spectr els defined for PSD and ESP.
much more frequent, e.g. five times more frequent, and
said beacon is then considered by the central super visor
15 6 as having priority over the other beacons, so lon g as
they have not also reached said threshold S2.
The mode of operation of the beacon as explained i n
detail above is based on the calculation unit self-
training over time, said self-training having the e ffect
20 of modifying certain parameters in the software
incorporated in the calculation unit 5b over the co urse
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-trainin g, as
25 a function of the overall behavior and of the resul ts of
analysis by the various beacons and by the central
supervisor 6. The main parameters are thus set ini tially
at conservative values, i.e. the thresholds are gen erally
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 |i quid
free surfaces as related to the behavior of the shi p at
that time. Thus, when the installation is started, e.g.
the ship being in harbor or sailing at cruising spe ed on
35 a calm sea, the analysis of the signals from the se nsors
5a makes it possible very quickly and in various mo re or

less calm situations, to characterize the backgroun d



Together, these parameters in fact constitute a 20mathematical 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 to
damaging sloshing might arise, whereas outside those gnges of values, any risk of resonance is minimal,
or 25indeed 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 networdigsiti3afvsriad iBSiccadbasEsEmthere by eliastically reducing occupateon of the central

ordior 1o malke QoL ettt s CNE A A o 1 i accurate informalion abou 35the
R DR e (N8 ARt 4

behavior of the cargo In orage “All of the beacons, whether of the

wireless type 5-1 orPYPHRARATY PEeE NG a5 5stafkl M ShIferifonment that contain®'8as, and they must
therefore be ofthe Qatipsiygraaitevipoysi.andibg mautawarrsshe o- Scalled "ATEXWEuropean

standard. To do thignaltp$ tageleyaarisicongbttinioaipgaaaitsngsi.e. the vibration sensors 5a, the
calculation unit 5b, thgdreans Sc for detecting movements of the ship, and the power supply 5e are

confined within an enclosU{ﬁ 5-3 that s(algaﬁ'ﬁes Fhe 10A IEX stand%rt%.eomy some of the transmission
means such as the radio antenfied5a-1, % ‘deﬁwé’WHSd SWATRE B3 are not confined within the

enclosure 5-3 as reprisERtBINENHRHREMRXEBYA My RISNBA 'RINE3!IT he use of wired 8fpe beacons 5-2
requires a 15t0mpugeirgcaeanetiacgk oz pistohtoqplace st liggidres a power supplytddowever the local

network 5d-3 is advaitagesusyaatiesPierhBReriyipg rRdiBewer for a beacon is agyantageously of the
type including an inFaorﬁpé),rated battery 5e, just like the wireless beacons
- the frequency passband ranges (minimum value-
maximum value) for filtering the signal, together w ith
15 the predefined thresholds S1, S2, etc., when perfor ming
FFT and IFFT; and
- the energy or power spectral levels defined for

PSD and ESP.
Together, these parameters in fact constitute a
20 mathematical model of the overall behavior of the | iquid
free surfaces, and should the system lie within cer tain
ranges of values, the risks of resonance leading to
damaging sloshing might arise, whereas outside thos e
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 res ults
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 occupati on 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 an dto
give the captain of the ship accurate information a bout
35 the behavior of the cargo in each of the LNG storag e

tanks.



205-1. Thus, installing the various components in such an ATEX environment is simplified
correspondingly. Advantageously, the electronic components of the calculation unit 5b used for signal
processing and the components used for the transmissipn interface means 5d-2 25in 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 quasi-zero consumption when in a standby state. Thus, the
energy that is to be supplididofatibebacms)svBedzer bétpeowiddddsyiyseteries Se presenting-a long lifetime

and a long charge-rgtentignine; pe g@a@mgn@m@gr{im%primary patteries th@h{gﬁ@e_nt. a Iifetime
that exceeds two 0rtﬁQﬁ%%l¥t%%§ﬁ§%%%f@@%ﬁ éPH?'eFE?o‘?S gg%ﬁﬁle that is capable gf remaining in

350peration for several years, a the power supplies are advantageously replaced systematically

on an occasion wheétM IR AIRIYBELE: B8Y Mushsaiilithfed version shown in Fifures 4 and 4A, a
wireless beacdn is saleatdgdotishupeneereataydardevicedd dlith@Beebeck effect therhtidgouple type that
is installed inside theldralrab thenshiptihgtineBpdtaids, Walltdd AbehSagainst the insulatéen wall 2a-1 of the

tank. For this purposg, d8f;Reaeen Sl isinsialledspoainst e, ihsulation wall 2a-1 of the tank, through
which a small-diameter orifice 9a has PreYi usly been drilled, e.g. an orifice having a digmeter of 5
gl ot S

millimeters (mm), p ?ﬁanfdﬁ H‘F_ER_?B A h& %V(\,‘ 8%99 ceiling wall 2, 5’ &nd then a
thermocouple is ins@ieRPHIAeE Vfifite ad eRaIORY EomJinRtisd92Ss in contact with théfiternal cold wall 2,
2f which is atl®tempéEtusanilaih 3 Ority shmeoiths/tcmbngdsamienedhe cold 15junctisnc®2 is connected
in conventional manRahYRIvanstraRdsalle iR aBaliwackiensiuated level with the gigit 9-3, which is at
ambient temperature, |. rature of C [ erature differenc n generates
electricity by the so-%gl@%%gﬁg%%ﬁgﬁeﬁgcégﬁga%%e%%%ntiﬁr’?l%sly powering thegtr)]g%%:on,

by dashed lines in Figures 7A and 7B.
The use of wired type beacons 5-2 requires a

15 computer local network to be put into place and req uires
a power supply. However the local network 5d-3 is
advantageously of the optical fiber type and power fora
beacon is advantageously of the type including an
incorporated battery 5e, just like the wireless bea cons
20 5-1. Thus, installing the various components in su ch an

ATEX environment is simplified correspondingly.
Advantageously, the electronic components of the

calculation unit 5b used for signal processing and the

components used for the transmission interface mean s 5d-2
25 in a wireless beacon 5-1 and for the interfaces 5d- 4ina

wired beacon 5-2 are of the type presenting low

consumption when in operation and very low consumpt ion or

even quasi-zero consumption when in a standby state

Thus, the energy that is to be supplied to the beac ons

30 can be provided by batteries 5e presenting a long
lifetime and a long charge-retention time, and

advantageously by lithium primary batteries that pr esent
a lifetime that exceeds two or three years. An ass embly
is thus made available that is capable of remaining in

35 operation for several years, and all of the power
supplies are advantageously replaced systematically on an

occasion when the ship is inspected.



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 25zero, battery or supercapagor 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 30the
storage element, specifichlly pagdebaiteryrsiosastsuperdagpactod. arftgtarrangement preserds the

advantage of having,peeatissht is £x g/or@@@g\,@g}gd)%r@@l\yy unlimited in tiggeg without requiring

any maintenance d%rlﬂ%t%%éggtgﬁtﬁq@fc rﬂe T'H"BF@?E; w %ﬁg{(@/l ing the electronic c%rg;%onents have
e Wor ing li d

lifetimes that are compar e Wi he Shlp which may excee ears to 30
years, or even mord1S§% R freshin iRGRMeER Bekione lbre described of the wiRe fOY type 5-1 and
of the wired type 5- agEaehtb@théls@twm\twle@pleﬁéhestﬁel@vﬁoadvantages. Thus, witliexisting ships, the
wireless version 5-bpresesttha beatmirbadigintagiesungsibetieacons are of the APEX type and each

incorporates all of th%u%ﬂwﬁe\ﬁafﬂiQﬁt'PBﬂﬂ_é“Fa)ﬁWﬂfYr&?gﬂ%‘ﬁgﬁ% gxisting equipment angthey may be

secured to the deck or th > Insi huII agal st the insulation wall, merely by means of adhesive,
thus 10avoiding an f(t’H aeﬁ Pé) &l& e@é@@&ée& to be dangerous in %O?Qntlally explosive
environments. 'ﬂt@"\ﬁir’@’w&é’r‘ﬂm@?éa ﬁé@'kWBﬁ%ﬁt@ itf8EA)I B3ocal network runnit’d™ll along the ship
to the centralllbsupéeghisbradgihatbithel tordtethoor thecbridge. CHilatgype of arrangementadl hore particularly

suitable for newly-bgfltﬁmmiee\éemém@gmﬂ@ Wirsleseyersien &ifl still remains very gdvamtageous under
such circumstance 'Blﬁ(i lﬁ%ﬂl)é rillirgtmactg@g&mﬁeﬂéo deploy said local 20network 5d-3, which

represents a consi erab e expense, since such ships may measure several hundred meters in
internal cold wall 2, 2f which is at a temperature of

-163°C for the primary ceiling barrier. The cold

15  junction 9-2 is connected in conventional manner by a
two-strand cable to a hot junction situated level w ith
the unit 9-3, which is at ambient temperature, i.e. ata
temperature of 10°C to 20°C. This temperature diff erence
then generates electricity by the so-called "Seebec K"

20 effect, suitable for continuously powering the beac on,
and preferably for continuously recharging either a
storage battery (not shown) or indeed a supercapaci tor,
I.e. a capacitor of very great capacitance. Thus, in the
standby state, since power consumption is practical ly

25 zero, battery or supercapacitor recharging takes pl ace to
a maximum extent, and as soon as the beacon starts to
operate, the current produced is consumed in full i n
order to process the signal and also in order to tr ansmit
the data, with any additional demand being supplied by

30 the storage element, specifically said battery or s aid
supercapacitor. This arrangement presents the adva ntage
of having operation that is extremely reliable and
practically unlimited in time, without requiring an y
maintenance during the lifetime of the ship, natura [y

35 providing the electronic components have lifetimes that
are comparable with the working lifetime of the shi p,

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



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 250verall installation. Thus, by using a set of wireless

beacons, installation cost is reduced drastically, while

making installation easier and enabling it to be

incorporated in a gas environment with a high risk of explosion that requires ATEX-standard equipment.
30The ATEX standard is known to the person skilled in the art and the components used in the beacons
5-1, 5-2, and in particularimthieepsessurideeationiecaatmdatrordesutribbcdoé available in an ATEX module

5-3 from the suppliqhg:@,gg@gs(w}g@gej Hhiofane arERiQee g having 35the referencgeBHEC. The

components 5d-2 pgrfarmi
E{&T@F

example, from the suppli

communicate over EREIA AR Fa Y

[ ission of th eless beacon 5-1 available, for
g&% A%Fsgtgr_]% %%Me?@%ﬂe%grgh?e Cel13911. Thos‘@ﬁomponents
] hgiﬁﬁr I $HRY2eh BIESTIBES megahertz (MHz), 433 MHz, and 315

MHz, thus con®plyirepiain Rebyighiton. ininegithestipacendAiecef StodiiFes. This type ofX$t¥dponent is of
range limited to 25 emtpebAGnrodspansing ontHersaptrebgoddnibe environment (confined medium or

open medium) and pregafLs RAEIEAEUNRIAY BREHIRAtRG e range 10
mA at 2 volts (V) to 3.5V, with,10 stéand%/ con@gm(ftbon oflthe arder of 0.5 microam
guasi-zero consumﬁﬁgwfﬁﬁ% ?e@?g entd'a 'CBIFS rtﬁlg%{d@gr?fage for the li

nvll&%rnps (mA) to 12

s (A), i.e.

fetime ?gtorage batteries

or lithium primary b&t&etiespHeRidAl tReTBbRY 8aapR CtasHiBEIMeNts of this type are Médrporated 15in the
above-descrihed ABEXdimgcang &3k of thekiodrthatitogsnertdiiy the ship, when the beacons are installed

between the side ofha i ars soey

rRkinistastraniagpres/to install intermediate beacons having

the sole role of receé'}m%mﬁgﬁ%ges and relaying 20them further on. Thus, a message will reach all of the

15

20

25

30

35

The wired version 5-2 requires work to install a
local network running all along the ship to the cen
supervisor 6 that is situated on the bridge. That
of arrangement is more patrticularly suitable for ne
built ships, even though the wireless version 5-1 s
remains very advantageous under such circumstances,
it completely eliminates any need to deploy said lo
network 5d-3, which represents a considerable expen
since such ships may measure several hundred meters
length. In this type of installation over very lon
distances, it is not unusual for the cost of the lo
network to constitute 70% to 85% of the cost of the
overall installation. Thus, by using a set of wire
beacons, installation cost is reduced drastically,
also making installation easier and enabling it to
incorporated in a gas environment with a high risk
explosion that requires ATEX-standard equipment.

The ATEX standard is known to the person skilled i

the art and the components used in the beacons 5-1,
and in particular in the sensor 5a and the calculat

unit 5b are available in an ATEX module 5-3 from th
supplier Cegelec (France) in its range of products

the reference BACC. The components 5d-2 performing
transmission of data from the wireless beacon 5-1 a
available, for example, from the supplier ASM (Aust

tral
type
wly-
till
since
cal
se,
in
g
cal

less
while
be

of



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 25triggering said beacon by means of an
inclinometer or an inertial unit 5c is described, howevergjis 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 30ship, as well as the thresholds for triggering said beacon. To this end,
the calculation unit 6bdeoritiaueiesgnseskisGhl3Sithabhosecanfpomestsd main accelerometer and deduces

meregortn_ the actuatsnavaRiets @féh%ﬁhm@mmmwﬂﬂrmdq}baqelor pitching %mgvemeréts,

ereby triggering, a -desc r cquiring, processing, an
transmitting data. ;?g] g%/%vﬁgé)d(%[? éﬁmﬁg%ﬁ%&mﬁ@?ﬁﬂﬁgﬁﬁﬁ capacity of 135,000 m3, made
up as four LNG tankSMPiRgINEt Aedislation insYaligysind4sH 8k 3Re corners 2¢, 2d of 8ach of said tanks,

said beacons Beingdedatéesor Bihtyple ok aemponenidh of rdirgbdiations is preadjustedtes! pocess the
signals from the thres-axie acoeleraeRiading thaHangsief aseidating periods for liquid free surfaces that

correspond to Swel'éHWEQniﬂetnf{'le(ééﬂﬂ?eﬂﬁéoﬁ‘arﬁ%nlgp%nqu'éﬁﬁlﬁ*\?%‘?\ﬁ’ﬁﬁon period Stasspgiated with the
FFT, as shown in Fi@)ure 10A, is then sei}gfte) ﬁtg :'bsiﬁ Is(t),[.corretsﬁ)onding to substantially two cycles of the FFT

for short periods an l\,ll\be_EQC 'ﬂ%r@%f)e%w 49 S, '808H of the beacons 5 iS on continuous
150bservation, i.e. tsHIRRD (BK)dE ARG He YIFeMERS S ¥he ship (roll, pitchindith), but it is on
standby in tefifis of prd@edsyncpandni@isnustergrder @60.5 microamps (HA),

i.e. quasi-zero consumption, which represents a
considerable advantage for the lifetime of storage
batteries or lithium primary batteries providing th e
power supply. Components of this type are incorpor ated
15 in the 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 advantageous to install intermediate be acons
having the sole role of receiving messages and rela ying
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 beaco n to
beacon.
In the description of the beacon, a mode of
25 triggering said beacon by means of an inclinometer or an
inertial unit 5c is described, however it is advant ageous
to use the main three-axis accelerometer 5a in orde r to
perform this task, insofar as it presents sensitivi ty
suitable for properly detecting the movements of th e

30 ship, as well as the thresholds for triggering said
beacon. To this end, the calculation unit 5b

continuously scans the signals coming from said mai n
accelerometer and deduces therefrom the actual move ments
of the ship and in particular its roll and/or pitch ing
35 movements, thereby triggering, where appropriate, t he
above-described process of acquiring, processing, a nd

transmitting data.



consumption is quasi-zero. As soon as the predefined trigger threshold is reached, e.g. roll of 8, FFT
20calculations and other calculations concerning spectral energy are launched over the predefined
observation period St = 2 s. Thereafter, each piece of dg¢a is compared with a reference by the
calculation unit 5b after filtering in the manner explained above with 25reference to Figures 100. If the
energy exceeds said energy reference, then an IFFT calculation is launched in order to reveal any
guasi-impacts and impacBy aag bf exdentie ctessifydthenampkerdei@nhoedative to the predefined thresholds

S1, 82, S3, etc. All githeigQaaleslations are periganed y ey auiakiaaHRE G@lculation unit 5b, in a period
of time that is mucmﬁ %tseg 6@3@ otﬁ‘?sﬁ%'&%ﬁ@& Uéyc%r &Ptﬂ%‘%SFﬁQP# and the results arg stored within the
ory.

calculation unit 5b in an associated mem Where appropriate, the results are 35sent simultaneously to
the supervisor 6 via?h8 538 Mo H eI ASAERMGREBEIOFHhin said supervisdt Ahe results are
concatenated Wwith dlleofleitls 436 synchronous or quasi-synchronous information coming from each of the
other beacons installed opdupasdlttieshipotiesghyanasitagdng aapiatndo be given a faithful

repre;gptation of th&éﬁéﬂl@h%ﬁ%ﬁg fﬁ‘reegod&g gg@eﬁgﬁ%@&sgﬁimig pach of the tanks %gge ship. The
acquisition of data fo a@p of the begé:?ns.ls a (%hlved ri%g%gr%cessed internally. Ovefg time, after several
S

e
days, several weekg,{&g?/ RS _%tll'lﬂ_’fé of taty Bn, the various predefined thresholds are
10adjusted either upbregBRRAHR NG!Sy B INIREIGNIRMINtRd T AR ulation unit 5b. Sai¥#Ba®ijustments are
then transmiti€d at féguidasaTieniaispefitite supendsassomateswichttiae BH Df dhe beacons present overall

consistency. Wheresagpippriaigurh egzenyy #hsyiRersor 6 15may tgke agfion on each of the beacons,

merely_ by radio tra%%m?%%ﬂd%@[VYQE[%%&E%@%\@?&QS &? r,lg_vv_ork 5d-3, in_ orde[rilé)r modify_th_e
predefined thresholds or indeedto modity the acquisifion or self-training calculation programs. Similarly,
said central supervi%la?rt periods and up to nine cycles for long period S.

Thus, each of the beacons 5 is on continuous
15 observation, i.e. it is continuously acquiring the

movements of the ship (roll, pitching, ...), but it is on
standby in terms of processing and transmission, i. e. its
consumption is quasi-zero. As soon as the predefin ed
trigger threshold is reached, e.g. roll of 8°, FFT

20 calculations and other calculations concerning spec tral

energy are launched over the predefined observation
period ot =2s. Thereafter, each piece of data is

compared with a reference by the calculation unit 5 b
after filtering in the manner explained above with

25 reference to Figures 10C. If the energy exceeds sa id
energy reference, then an IFFT calculation is launc hed in
order to reveal any quasi-impacts and impacts, and in
order to classify their amplitude(s) relative to th e

predefined thresholds S1, S2, S3, etc. All of the
30 calculations are performed very quickly by the

calculation unit 5b, in a period of time that is mu ch

shorter than the roll period under consideration, a nd the

results are stored within the calculation unit 5b i n an

associated memory. Where appropriate, the results are
35 sent simultaneously to the supervisor 6 via the rad io

module or the local network 5d-3. Within said
supervisor, the results are concatenated with all o f the



20takes action remotely to modify said defined reference thresholds. The modifications are also
advantageously performed during maintenance operations on each of the beacons, or when a beacon is
replaced by a new-generation beacon. 25The device ofjfgie 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 30terminal.
These ships of old dgsimmariters pregesi-pendmoance infaenasoof camknigistallation that ielass good or even

damaged as a resuiQi{en¥erre hoRIAI ML AR Ty Heashhgrsometimes exceqg 30 years or even
40 years. Furtherm%&,et gﬁggml' i gme ?nolfo?esﬂj%n%%{)%%?e have also become obsolete given the
c?tﬁe Eu ue p-

poor efficiency of old engihes, an S are or ship-breaking even though the actual structure of
the 37 ship is still JERESRNRUXLELHNE FPHEENESH & HIRJ'YHEHERips is most advantageous since the main
engine is not Used adtfahespuivhipedomehiite tehksecomsalhion system is not critical and can under
certain 5circumstances evee becgibiasriageiis fdiheadacks aiopEatoraniee in the installation system gives

rise to a large amouptRi, RelRafhrd &sadargeAmm NERELNGISfHassified by thermal losses, which is not
a drawback in reception terminals but rather an advantage since the 10purpose of a terminal of this type
8% e BRSOt A

is specifically to reg%%\fﬁf 2K el &’SR&%&%V 3 _ fsform it locally infg%%ctricity in
electricity power steARAR0UHHE M die Gt ianeiRgkEIesheiiS type are capable Gfailing only when

fully loaded 010  adjusted either up or down merely by self-training within

the calculation unit 5b. Said adjustments are then
transmitted at regular intervals of the supervisor 6 to
ensure that all of the beacons present overall
consistency. Where appropriate, the central superv isor 6

15 may take action on each of the beacons, merely by r adio
transmission, or where appropriate via the local ne twork
5d-3, in order to modify the predefined thresholds or
indeed to modify the acquisition or self-training
calculation programs. Similarly, said central supe rvisor

20 takes action remotely to modify said defined refere nce
thresholds. The modifications are also advantageou sly
performed during maintenance operations on each of the
beacons, or when a beacon is replaced by a new-gene ration
beacon.

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 regasificati on

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

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

ship-breaking even though the actual structure of t he



15practically empty: they are not allowed to sail with an intermediate load since they do not present
sufficient strength to withstand sloshing phenomena. When using old methane tankers in this way, the
installation of devices of the invention for detecting liquigbroughness makes it 20possible 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 thehinisssidlifpledeatyeauosgtiabl@50hkapededeyd about roughness relatyve to the filling

level and the state Qf HiespRfs 34 ABLOARRMIBBLSIOHS: Aftehripreigiinary operatingjaegod, the
mathematical mode ('5§ 3945%?[8 IIIéj)e(II)IrﬁII\?@'?h gﬁ‘&%ﬁﬁ&ﬂ?&gﬂ&wg levels for vario%%sea states are
o trarister r

then 30known. It is then easy om one tank to another so that if potentially critical sea
conditions occur, nGHEBMENAHRE LR RRLPERIARE ¥ Rtical filling level, thereby avoiding the
appearance ofundé#iesbistanssisisygheaaa@iiags8 GLAINMSackrothip or floating support (1) for
transporting or storipgriistidr(& pomstitiedmon Sguefiedigesripeeferably selected froomamethane,
ethylene, propane, %?&e%mﬁ’o?oﬁﬁdoiﬁ' gt_éegqg Stk (2), preferably a cyjipghigal tank of

I I -section, that I lated dofl ize, with at least, it llest
Cimansion i the heSBHLSCHILAREATh BETGEulAD i ook URD Breater than 20 m. Hhuforably 10ling n

the range 25 m to SGFRPHAM ERINAMFDYicatBet AT SINESIH large tank (2) beMSg supported inside
the hull (4) oflihe shoprpyse cduaitarstinedtafeh(d 1ypthis sharifieally characterized in thatibincludes a plurality

of devices for deteciingdhe Rghe BasopE %H{H@Ifﬁ lgmmi,rbﬁgbd Ia_rge tank(s), said devicgs being referred
to below as "beaco%'nggliﬁ]“ %—gglggmoca%g IIéII?gIIt SI e&)ﬁ%wbratlon sensor (5a) of ;ﬁe vibratory

accelerometer type suitable for medsuring the a of the acceleration (g) as a function of time (t) of
the 20vibratory moRAWERRIBICR Sy BINELH95 o' SRR BRRE Lankers o fthis
type are capable of sailing only when fully loaded or
15 practically empty: they are not allowed to sail wit h an
intermediate load since they do not present suffici ent
strength to withstand sloshing phenomena. When usi ng old
methane tankers in this way, the installation of de vices
of the invention for detecting liquid roughness mak es it
20 possible to acquire rapidly accurate knowledge abou t the
behavior of the liquid free surfaces in various sta tes of
the sea and to define modes of operation that corre spond
to a high degree of operating safety, by managing t he
levels to which each of the tanks is filled as a fu nction
25  of knowledge about roughness relative to the fillin g

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, an d the
critical filling levels for various sea states are then
30 known. It is then easy to transfer LNG from one ta nk to
another so that if potentially critical sea conditi ons
occur, none of the tanks is at a corresponding crit ical

filling level, thereby avoiding the appearance of
undesirable sloshing phenomena.



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 25supporting said large tank, said sensors beijyg 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 30sensor (5a) in order at least to
eliminate therefrom@atdkigBound noise that is specific to the ship, and to detect the movement of the liquid

inside said large tank RsERIBPALRENELBP &I 11§ PBidiRahgsoriAgessed in this way witlypredetermined
threshold values bgé/t%ﬂa#\{ ﬁpjggg §o'3r¥8ﬁ{9[&98§ gfliﬁqu%”%(lfigsféee surface (3) is considered as constituting
in ’

a risk of harmfully detor and damaging said wall; an c) data transmission means (5d) for

transmitting said sighalSiRRYiPRIESHALIP P 5erbans 15 RARN &I SEHRIE calculation unit @ supervisor or
central unit (6)% prefeytayg, aoatrdbinia@yteastioossafpstania@hiprerf floating support acétbing to claim 1,
characterized in thad epffitsaid berasipegRitsesoss-settiaid akactronic calculation umit suitable for

performing the follommggniﬁgm&ggs@grpmm @@gé)ggé,timﬂrgt 1.1) using ajEQyrier transform,
preferably of the FET type jn real time to Prﬂieﬁ?’ the i‘i’gr?]ﬁls Ef said variation in the amplitude of
acceleration (g) as 5%3?%1,5 _toqa'mﬁgsﬁgnppa SalPiAr &580ked by said 15vibrator£paccelerometer in
step a) in order to cefélifatarte vihabeing gieaipiphanédbmaeiieration (g) as a fun&idof the frequency
(F) of the vibre@ory Wyanginthiee aiged Dbtamed i, step ayadvuereaggesen period of time Eit), and then
preferably calculatingzihe ©066%y: 20spestah fRNSIK aRifh . H¥REanesHal density;

the hull (4) of the ship by a carrier structure (11 ), the
ship being characterized in that it includes a plur ality
of devices for detecting the roughness of the liqui d

15 within said large tank(s), said devices being refer red 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 ampli tude
of the acceleration (g) as a function of time (t) o f 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 wa ter,
said wall of the ship including the deck (4a) of th e ship
or a wall (2a-1) of the internal structure of the s hip,
preferably a wall of a portion of the internal stru cture
25 supporting said large tank, said sensors being fast ened

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 vibratio n

30 sensor (5a) in order at least to eliminate therefro m
background noise that is specific to the ship, and to
detect the movement of the liquid inside said large tank
by comparing values of the signal as processed in t his
way with predetermined threshold values beyond whic h the

35 roughness of the liquid free surface (3) is conside red as
constituting a risk of harmfully deforming and dama ging

said wall; and



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 25values obtained by the inverse Fourier
transform, preferably of the IFFT type, of the variation ofghe amplitude of acceleration (g) as a function of
frequency (F) as measured in step 1.1) and after filtering in step 1.2), and calculating the values of the
maximum energy 30spectral density (el, e2) and/or of the maximum power spectral density (Po) and
preferably calculating thec3pleté tlamseriggiandnspest(at ptoveavatngingespectively of the energy spectral

density measuremeggfd@l’gﬂgfﬁtg}qpﬁggq;@gﬁtp%@yga wgqf@l density performed in step 351.1) after
filtering in step 1. 2) ?&qrolndcecal erlélt ﬁ(ﬁg@gér}?g %%&\W%?F'g}@ tfme acceleration valHﬁts and said

maximum energy spectra Roit y va or said maximum power spectral density values
(Po) and preferably%‘ié@p@ﬂ%ﬁa&%@t%@%ﬁg NsoWR-values respectively of step 1.3) with

respective pre8etermined threshold values (Si, emax, pma.) from which 5the roughness of the liquid free
surface (3) is consigeredrpg consétndng pptskpicdadmrpiogidformation or deterioration to said wall; and

said transmission ”@%’P&c@mé&wmﬁt@éa‘?%'ﬁéﬁ%&% gglectronlc calculation unit (5b) and 10for

transmitting said maximum time a Ieratlon v es ang 5 said maximum energy spectral
density values (el, e2) and?o? f?‘r‘f écgr%? (§1'§ﬁ§ ﬁ}fes (Po) and more preferably said
spectral energy anoogﬁéfﬁ‘?ﬁl%mé?'%%&ﬁé& QeRPUNSteISAS3) are 15transmitted to a central unit (6)
preferably onlihe brodgsistiribénship, collecting the data transmitted by all of said beacons (5), which said

values are transmitted to a said agni&Hd/aikqIede iy emingreridgspbihe ship collecting the data
transmitted by all 2(&% gﬁqgsgqmegl %1% EBrSPJE%'Qs‘{ﬂ!éJSi é)rﬁagegflA) is reached by gg,gast one of the

beacons. L _ _
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 calc ulate
the variation in the amplitude of acceleration (Q) asa
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 tha tis
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 th e

amplitude of acceleration (g) as a function of freq uency

(F) as measured in step 1.1) and after filtering in step

1.2), and calculating the values of the maximum ene rgy
30 spectral density (e 1, € ,) and/or of the maximum power

spectral density (P o) and preferably calculating the

spectral energy and spectral power values respectiv ely 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 said maximum energy spectral density val ues



3. A ship or floating support (1) according to claim 1 or claim 2, characterized in that said vibratory
25accelerometer (5a) is an accelerometer of the piezo- resistive type. 4. A ship or floating support
according to claim 1 or claim 3, characterized in that sajgtransmission means 30comprise an antenna
(5d-1) and a transceiver (5d-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). 35S. A ship or
floating support aco@rdireg 1o ataifor Said creirmiy rolpractespesd ah deasanhtuessmission means (5d)
comprise wired trangmissien paeaAsICOMPESHY PRy antPshaeannecting a signal processing

interface (5d-4) sui
preferably optical fi

Bl flR e Al iatle e
signal supplied by tRECERIEIBINRLhERaH akieFHH!

veyed via said cables (5d-3),
P;éﬁgforming said 5da?§%e
irffo light signals: 1. s HiF™Mting support

rom the electrical

according to aRy orieefailgimsss ©f e havititetzedriachid)said vibration 10sensor is constituted by a

three-axis vibratory ageradesematetonstifsidgaaidiostingnsapngdeioeording to any onergftiekdims 2 to 6,

characterized in th36Pd%?éﬂ&ﬁﬁ&ﬁ@o@ai&@éﬂ%ﬂd”her includes an additional device (Sc) suitable for

detecting the movements spe ific to the.shi%e%% argg)({)gr trj géerggg activation of said electronic calculation
S lfbspistle,

unit (5b) to perform the prote 3385(5?'535%”5

1

P%&?%aid beacon and the other

electronic 20calcul A URR RILIRH SIBCHPRIE SaletMiOBIURE ©R¥he tank and of the otB8Atank of the ship
or floating support, thettaggyaiitiggasaitensectivationivkesatdeddeatianiatalculation units taémg place from a

predetermined threghgl@repdiagniorsiia MaRHUALHergMpemanisfidhe ship, preferably a value of the

angle of

15

20

25

30

35

values (e ;, e ,) and/or maximum power spectral density
values (P ;) and more preferably said spectral energy and

spectral power values respectively of step 1.3) are
transmitted to a central unit (6) preferably on the
bridge of the ship, collecting the data transmitted
all of said beacons (5), which said values are
transmitted to a said central unit, preferably on t
bridge of the ship collecting the data transmitted
of the beacons, if said threshold value of step 1.4
reached by at least one of the beacons.

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

4. A ship or floating support according to claim 1
claim 3, characterized in that said transmission me
comprise an antenna (5d-1) and a transceiver (5d-2)
suitable for transforming the electrical signals su

by said calculation unit (5b) into radio waves, whi
radio waves are transmitted from an antenna (5d-1).

5. A ship or floating support according to claim 1
claim 4, characterized in that said transmission me
(5d) comprise wired transmission means, comprising

by

he
by all
)is

m1or

or
ans

pplied
ch

or
ans
cables



inclination of a wall of the hull of the ship. 8. A ship or floating support according to claim 7, characterized
in that said device (Sc) for detecting 30movements of the ship is an inclinometer of the pendular type or
an inertial unit, preferably suitable for determining the rglj 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 35in the range 5 to
10 relative to the vertical. 42 9. A ship or floating support according to any one of claims 1 to 8,
characterized in thabsbl) edeckeoting cattgihati prouesds{by s euitakl¢Sidr being activated #dm a measurement

of a threshold valuesfgiziie Rmpikidg Bfoagraleiatiid@raseménction of time. 10. A ship or floating
support according tgo%nv}ég v?a( glﬁ!‘?&%& ‘;1% gaqc?grg%t&éjgﬁgl H&%ﬁ each said beaconfggerS-l) is powered
e ing In 10a storage ba

by power supply means {(5e) consisting I ry or a supercapacitor, or preferably a lithium
primary battery, poWaPig SaBRsLY %Eg%{égﬂéﬂé'éﬁ?%%mi%ic calculation unit{#b), and
transmission nreansl@&ijiandheretestiisig! Sigoaluppke@ry tbe detecting movements of the ship. 15 11. A
ship or floating supput@csierdinguiatidainnil (5 hatadigiizeghiwdhat said power supply means further
include a Seebeck effect thermocouple (9-1) in which the cold junction is installed between the cold
internal wall 20(2, 2 giﬁtEe ta | agd said beacon qu]thte beacon constituting the hot junction of the
thermocouple, said the ROUPRE: ER/?H&ngg_Sﬁ%? %gq?t[yn%%ntinuously for powering said beacon
and preferably contft@iBisslyifeeneigiagiarzsd s Brabrashibrytiinsupercapacitor (5e). 25 12. A ship or
floating suppaf accerdany i©cEmgtintdfylainhsek-taxklyibretmagterized in that said beacons (5, 5-1, 5-2)
are secured to the deek|4ametdhe ship and/or to a side wall (2a-1) of the system (2a) for supporting
30and insulating the walls of said large tank (2) inside the hull (4) of the ship facing a side wall (4b) of the

7. A ship or floating support according to any one of
claims 2 to 6, characterized in that a said beacon (5,

15 5-1) further includes an additional device (5c) sui table
for detecting the movements specific to the ship (1 ) and
for triggering activation of said electronic calcul ation
unit (5b) 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 beacons of the s ame

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 an gle of
inclination of a wall of the hull of the ship.

8. A ship or floating support according to claim 7,

characterized in that said device (5c) for detectin g

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

35 in the range 5° to 10° relative to the vertical.



hull, said beacons being situated in the proximity of corners (2c, 2d) of said large tank at its longitudinal
ends. 35 43 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 sgigd large tank or a trihedron (2c) formed by two
planes 5(2e-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 10clai®ns Bhip 18 flciadirar sempped sctuadib gstammjydbnmeethane tanker type tinsport ship

converted into a flogtgn,g@tp{g@e Shiphatiieanshouessd @%I,ocation in which the:filling level of at
least one of its tanké |I%g|§ %rmm (g % %{tllé) PBE%??{ E:h/quss of 15the liquid it ¢ ins, as detected
etec

and calculated by a said device ness., 15. A method of detecting the
roughness of the Ilq%m??éé"ﬁﬂ?ﬂgé’f/\ﬁtﬂ?ﬁeﬁﬂga é%?ﬁ%aé?%'gfﬁp according 20t& &hy one of claims 1
to 14, the metifod badegleraiieci@liasdhifuietion ebiipeises the following successive steps: 1)
performing said signal processing, preferably after activating a said electronic calculation unit when 25the

movement of the shjg rg%qhﬁ%,aﬂgggﬁ@g gptlgcg&qh fﬁt@glﬂpgﬁémmg said transmls(;flon of values

obtained in step 1) from sal o ec ronic calcudqﬂ?ﬁaltmlt %)a said central unit (6).

claims aracterlze on (5,
5-1) is powered by power supply means (5e) consisti ngin
10 a storage battery or a supercapacitor, or preferabl ya
lithium primary battery, powering said vibratory
accelerometer (5a), electronic calculation unit (5b ), and
transmission means (5d), and preferably said device s (5c¢)
for detecting movements of the ship.
15
11. A ship or floating support according to claim 1 0,
characterized in that said power supply means furth er
include a Seebeck effect thermocouple (9-1) in whic h the
cold junction is installed between the cold interna [ wall
20 (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 continuo usly
for powering said beacon and preferably continuousl y
recharging a said storage battery or supercapacitor (5e).
25
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 suppor ting
30 and insulating the walls of said large tank (2) ins ide
the hull (4) of the ship facing a side wall (4b) of the
hull, said beacons being situated in the proximity of
corners (2c, 2d) of said large tank at its longitud inal
ends.
35
13. A ship or floating support according to claim 1 2,

characterized in that said beacons are positioned f acing
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a dihedral angle (2d) formed by the corners between
vertical longitudinal side wall (2f), a vertical
transverse wall (2g), and a ceiling wall (2e) of sa
large tank or a trihedron (2c) formed by two planes
(2e-1, 2e-2) of a ceiling wall (2e) of said large t

that are disposed angularly relative to each other,
transverse vertical side wall (2g) of said large ta

14. A ship or floating support according to any one
claims 1 to 13, characterized in that it 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 on

its tanks is determined as a function of the roughn
the liquid it contains, as detected and calculated
said device (5) for detecting liquid roughness.

15. A method of detecting the roughness of the liqu
free surface within one or more tanks of a ship acc
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
the movement of the ship reaches a threshold value;

2) performing said transmission of values obtained

in step 1) from said electronic calculation unit (5
a said central unit (6).
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