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METHOD AND ARRANGEMENT FOR | NSPECTI ON OF BUOYANT OBJECTS 1 The present
invention relates to a nethod for detail ed mapping of the thickness end

t opogr aphy of buoyant objects, especially ships' hulls, bygmMERROR 2b3a beam

carrying an avdg@ueg Ul trasound sensors, together with agﬁmqgg ‘%ﬂr
| npl ementati on of the nmethod. The termultrasound sensor shou J*BE

understood here to refer to a nmeasuring device conprising neans both for
transm ssi on of acMESHADANDAGRANGEMENT\WaR BiSPEOTION Of BUGY ART 6Biedsr €, and neans for
measuring/ recordi ng acoustic signahs reflected fromthe structure, possibly
al so neans for processing the result of the neasurenent. The invention is

I nt ended anongst 0 . thip far use | onnection wWith inspection of a
ship's bottomgﬁ%? r%s%ﬁ{)gm}%%{n‘t?t\freelée}s% u%meg}? rﬁﬁté"lg? RAPPYE B¢ ship' s hul |
with regard t ¢hickeassgndtepoBrphyiof buspanttabircts, espdvéalbosttipy thullf, by
classificati omARPHAY Beam ¥aRY gl AMirtay Sf AiraSfliid RREIRS, théthEP%itﬁlbr veying of
corrosion_w tg S'Ub?eﬁgnep?t re SI rsfa.r%corﬂl ng to certaln €riteria. By
perform ng i nSpYEE Iy nieyeatafion of the methgdoy i me before classification
approval /repair, the shi powner obtains a sound decision basis for planning
and sel ect i ng ThAderbelrasoyn sorshiodidbramrderstaph herejosefer de a niggaecieg with a

corrosi ve envideviogreomptisingesesibpe fopatanemission dfaconsdgnilo téwidrds oal

corrosion. Thi i rat | K .carryi crude @il .where a
corrosive envfrrﬁgﬁ%g'lrl\ltc ﬁ?%’pag]rd e'g?%aqf’lnx‘te%%rﬁ%?ﬁcg&ﬁ%b% ?cﬁ%'s@gﬂ'lgga ,{CQE%BQ, nt of
the acid cont &om tie stiystuse. rassigly alsemeans fasrproassingHhe nesuft ofltbssi fi cati on

every 5 yj@ar spmehb\gegent.e, it is obligatory to inspect the ship for
corrosion. During the inspection the thickness of the steel plates is

measured bot h i ielfibn i PirkiiAel st SEEhh Aol B BilldnnBlifhd Giek" VNt

| eaks due to pit corr(g‘.(sfl n., :l?f t he thi ckness talls_short of the

requi rement s HtSPREiodt %ypts Qttpm, as py PRISEH ¥hewdeatianof thestaggef theor parts
of the steel phiplsdmllooith ecgred torvmtodien. 'kt Baatportaheincthe icontext bAdi-t i onal
measuring met Y I en- fromthe
I nsi de or oc_cgfsglg%ggﬁlt@é%%r%é’@ﬂo ‘B?’@géé ] ﬁﬁfﬁ@%ﬁhg ?gge &t he ship is
i n port. 1Thi scorsesion with sygsequent repairaassprdingtasesaingritesia.hal i nspection
of oil tanks, péiferasing iespeatidnshegulaglyber il gadainebefore blassificaibref or e .

i nspection, a i0E- n : r r,. it can be
T Froul £ or ApraValfebdy dnt sBOGAR YRl VA HE S on WS EH lablng ™" 3
MARCH 2003 Woambselacting themagb paljonafmgintenance/repair measures.

Contact with a corrosive environment causes ships' bottoms to be exposed to

20 internal corrosion. This applies particularly to tankers carrying crude oil,
where a corrosive environment is created in the bottom of the tanks on
account of the acid content of the crude oil, and water. For the main
classification every 5 years, therefore, it is obligatory to inspect the ship for
corrosion. During the inspection the thickness of the steel plates is measured

25  bothin order to check the strength of the hull and to prevent leaks due to pit
corrosion. If the thickness falls short of the requirements stipulated by the
classification society, the whole or parts of the steel plates concerned must be
replaced.

_ The current traditional measuring method is based on manual spot
30 measurements undertaken from the inside or occasionally by means of divers
from the outside when the ship is in port. This method is not particularly
suitable for internal inspection of oil tanks, since the tank has to be cleaned
and ventilated before inspection, and this is a time-consuming procedure.
Moreover, it can be difficult for the operator to gain access. In addition to
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J this, nore and nore ships are equi pped with a double bottom thus nmaking
it difficult to inspect the outer hull. Another problemw th nanual
_inspection nethods is that they are dependent on the operator for choice of
measuring point. There are procedures for S preventing segifikCiERo®s S of
choice, but full covering wth an automatic neasuring systemin a fixed
grid will alygy@size better. Another neasuring nmethod is d

NO B- 179. 926, vvhgre a snmall sensor array is enpl oyed noun?épdﬁ%%%gﬁg | f
propel | ed vessel which scans the ' ship*s bottom The vessel is equipped
wi th wheels, which provide a constant 1 U distance between the vessel and

the ship's hottom Th posi ti on of the or measur e .

conti nuousl@l%)}“ﬂr@aﬂb WPT%SﬁWaPB%E%%PF g@ ﬂOBﬁ%@t @' fag it
permtti ng difficukt 46 inspeeh the d:uicbhuhssenbl ed later to Forma corrpl ete map of
the ship's bottom This nethod is based on novenent and positioni ng of a

snal | vesseAnume%rambhswm rﬁ@ﬂuﬁalﬁhé}%bbﬂ%%@ﬁé% it efeyt 418 dl:?eﬁ& s hull,

a procedure es, conpli cated posi.ti ng equi p as
being time %h “r%@gﬁaﬁ'etroﬂghﬁﬁﬂlorfd“%%ﬁ"@ tﬂod"tzgﬁ‘t‘?%?%e rﬁcg@rrps ¥ a vessel
represents pcesubﬁﬁgwmadls expanst dhvies, buk fll tt@traﬁﬁg:wmpwaﬁwméticow forces at
the | ocations_where the sur F\é iﬁﬂﬁlw' ted al so conplicate the

operati on. mepRun g Sy Sien Wagsﬁfgtbcﬁt&m ble to neasure

t opography 20 (dents, etc thod. The nethod is specially
devel oped f8Ro “i‘ﬁ"i‘sPﬂPééz‘ﬁfb‘Pdt‘%tﬁR@tf@eddﬁd‘IpnBa‘Jc? ?Q%I’Y"’h@trcécﬁé%alhot permi t

l( ?ﬁpectl on éB;nsbhﬁrrﬁyliS/eﬂlpM)&Jﬂ&hbhmdQﬁlt ASEH- bpéttesd bé%fséloﬁhﬂih%cﬁﬁé thes side
e appare

US-'A-3. 910.104, descr pparat us and a net hod
for-ultras BS é’§'tZ°|“hngb Vhséfgﬂs GquipRed wit Wié?fg%tr‘gltlﬁg 68 Flas%glsga“éont ai ner
filledOn thdisenes behsedbthe vdsselrmmahriship'o bottbm. The, positiorodf thetsewborch has

to b, i nspegha oAbl BABRAGILY DS 9PY RTa/RERUER JIRBRRDI NG Lnder

t he obj ect I'nsl € con ere is am equi pped with an
array of ul3ystemuthas psrmifitiang thp sneasuameénty to be@ssﬁmidpédlatbytcp&ym ag the

obj ect overg Sxﬂﬁle@@ﬂ?agadﬂﬁe‘&’ﬂiﬂ @b&ﬂ@mb?ﬁﬁ] ﬁrétmﬁq)agé‘&BW&?e a Qr war ds.

The apparatu s Int tn 0 for si nII(_]:; tes. and ] s, not at sui tabl e
for i nspectPesitigningpfasmalivegschwhig 5@"?)88?5?&1"65?'&4 ?heﬁbﬁ’é‘dﬁf there said

met hgdlss germlp slt#ﬂl?ll?@?irbaéﬂlﬁ% Wlﬁbﬂ@e@m&f&d‘m u@dtc@posmogmg 1pﬁ1enhué . 33| \r;\o a
I apl an CcOS e eC Ve I ar
bor 1450 poTeil B iah bt SN hurde aBRAAdiGH (Y okiiE 24 O in RortiPr bl ont

mappi ng of vdsselapeeseats a spntantiz yexpenditined Kietlsernifire, pbyedel 86wt he
i nvention 'ﬁ)t&%oﬁ%)égoéﬂg)réqw&er{ﬁé‘hb%?qs %99&&&@ w1llrhé§cb€omaﬂgét9rth@” by

neans of a net evl ce Cl se an |nspect|on
of buoyant srades. Singe he yessehisesranl! »a!ééfbfl@l‘i p@ssﬂaetwqaﬁv@rtppe&rawyneans of

a beamgqcar rodleﬂﬂ; eft. )ibf'Qmsq{lctﬁbarFﬁ@Mhé@E@ﬂf&talﬁndeMo élﬁfd?bise(iﬁ and the
beam whic wer ed whi ch ‘ext en the whol e or

a subst ant ﬁé?gﬁgﬁaﬁa@érg’h@‘ﬁl"&‘kpﬁ?“ t‘h‘é"%ﬂ}‘&dtcmbte‘ﬂ‘ﬁ%e ‘?antlt?'ﬁ Yl y to

.each ot her trandition dejveedn shipsrbwittontandship'y sidti(the appatentthoeizoh).r asound 10 ~
sensors inspect the whole or a substantial part of the width of the object,

thus perm tfjgng- ?9?@'19&%@%@&% Bﬁpﬁﬁt@%ﬂ’ﬁfétt’% fﬂ%@ﬂﬁaﬁm@@&tﬂf a smal |
nunber of paiseteadr Iat| bet wee ect an eam The jret hod and

t he device #eso lt‘%@’!?qﬁ%ﬁ‘itq(’@??’&?eé %W%!@Féf‘& fgd"”ﬂ/“tah%rta i ch inset
forth s t hwuﬁtatr@qhﬂﬂn@%hﬁhé t6p,ah8%bject which has to be inspected being in

contact with the water through the opening. Under the object and inside the
container there is placed a beam equipped with an array of ultrasound
sensors. The measuring is conducted by passing the object over the apparatus
while the beam is moved backwards and forwards. The apparatus is intended

30 for single plates and is not at all suitable for inspection of ships' hulls or
large buoyant objects.

None of the said methods permit inspection of large objects such as, e.g.,
ships' hulls in a rapid and cost-effective manner. In particular the known



15 According to the prior art plate thickness and di stance fromthe sensor
can be cal cul ated on the basis of each individual ultrasound neasurenent
when the velocity of sound in the plate material and the water are known.
Since the beamin a preferred enbodi nent assunes a known ggmdi g &§1ape
(preferably a rectilinear shape), the shape of the object Tn"a s% 9| onal
pl ane .20 t hr ogpoti4%@8 beam can be mapped. I n this nmanner t lreTolopRmiiss
thi ckness and topography can be conpl etelgy mapped by neans of one or a
smal | nunber of passes relatively between the object and the beam If the
ul trasound sensors are placed in an articulated beamit may be appropriate
to place an exmethodefaibio ghosidencfasnmrisefficiegt shappiagofithe abgtrsti ght 25 |ine
in order to r’ret%igéﬁpgi,%@ﬂﬁgqegpography Al ternatively, each joint can have
ete

angl e gauges f0 m ning topography. In a preferred enbodi nent of the
met hod, the beamis statjonary..while the object is ve t the beam In
an enbodi ment b1° ?ﬁgc%‘gfhﬁé"vfép?ﬁbﬁ ‘é’slog‘fe tﬁg QEPYF‘PWPEg%‘fW%&?e“?%@ Hevi ce
conpri ses neangridraart bptsans of aqethos delanderiGOwpinhi poarmit macispaad eapid t he

beam s rmvaemsfi&.sé&ubg%f%hbf&k'os-écwmstﬁiaeﬁ'cv } A&OEAiRR to &ﬁw&h@ﬁam,{ h an
adj ust abl e securing device for, Testricting the beam s novenent 1n Its
| ongi t udi nal dPEA A DIARLFIELRS ARAHGY ©F Uﬂﬁaéo sR050Ls, apd hy phe ehject

direction). Thairl the®eamyehicharandrtraiskd and bowart & tandnmitich egtenls aloagtthé ckness

f the whol ant i . ' . . | ' 3
NARCH 2003 \e,\ooﬁggilf}g%?'@%M@;%ﬁ%ﬁ@ﬁﬁ?\;ﬁgigg@ fﬁg‘ﬁggﬁ‘ggéda&?%&ﬁ
ul trasound serfosash othes ik iesthiectisdgngimding] direetion while W%b@mﬁﬁ“}n%e arr anged
on a bodyjowhi cdenS@s ikpetithe viol© 6t # Bebstdntial pirt b ehedRTh b thidébjedihaius When
enpl oyed for det e nati o

of the - thickness,and topagraphy of ships’
hul I's, the shifFid WS\?QH‘PE%‘F&?Pf%“’d’&a“ﬁf‘r‘?"ﬁﬁ&&r“‘?ﬁ“é °8&He86§éf’ta";ul led by
tugs) or by a mimhgdr ofipasses u¢lativelp betivesartbeo pbjeneansdithe biehm. pl at e t hi ckness.
While the ship is passing the beam the neasurenents are assenbled to form
a detail ed nmapllef methedtandshe dedcoacdonding o iesinkémtiorbattcharacthizedbgi ti on of

the measur i ng gl & sbBroh3h Uitk paen B 00 [ 01 ven by the

geonetry of the equil pnent, e the posftion in the 10 | ongitudi nal

directiomds d j . Eley r i

posi 11 on B syt tiprife s pIIROHIARE, WIFELBn0l Qe it ®e |
setting) is adjd@tagdgp thehasis of eachripdividusbuliasqunrd megsusgmentghen e odi es
and/ or secur i ngleagnst donad e theoglaleatisteriding dibiv wekeriy khéwnl Sined tiresi de or

i | ock, d . at tical i f by 15 shi ps.
I 5 second ertsall iehpRERinBiORF Bl BinOhn UehBLRESREY, Y 20, 0LP0;
shi ps on the dpraferably a revsilinearashiape), Bashape of tiernbiectiing sgeéonad plasest s of

service bgats ®egi nﬁébwﬂ&amgirﬁdpgeftl.smﬁerxﬁm{xﬁf tlﬁ,eélﬁé&isrthﬂﬂknéé%chngo |
et wee na

controlling the re ive vene t he beam and the ship.

further enbodi'RBAET2B YF%QH%R@?%P%F@HYF%“&&& P%O‘Eﬁsﬁ‘gﬁ '}“%'bc%ﬂﬁecti on
wi th | oadi ng grdsesebivelychetweermtheambjecdanditiehbgam.t he 1ifting nmeans are
secured by a service boat on the seaward side of the ship and a wagon on

t he quay si de I¢thd lilerastind scAsaorack plgcédint dicartiovwlardd losant tanayi b¢ ance bet ween

he obi bct e ) , , : Lance |
I oga? ejdegi r 22 t .p rf%’er fag(\?qu hléc%g? ggﬂ‘#’ §§§°c}df|? %‘?%%X%Q%Péﬂg&ggﬁ% ?&Qééar%ﬂghtr IotS ating
brushes, %r hilie iprasdentoanensyec distantedtopography s ltpmativplyogech joiticant he

result that clipaBingledmfiobdfoRAetdrRiniff SoptigraghyT®d i n one operation while
achieving optimal i gspecgi on di st anceéi n a sl?{r)r’pl e manner. 30 The resolution

| the b ' ' - i d
censars, o g b prereifediatbititnl S A i Bl W sntinady MIRRUET
beam s transveabiectds moved past the beamdla anembedimgny of thedgxics suiabledpnt i ve

vel-ocity and hawiRthisMdthed, NRAEEViSIBohprifdsAnéaE Fobdet¥irhininpdebramisst i but ed

reasur ngsoand psbts%olnnzgld [Erc{rgnt%)g (I:a%'g n%o%e%tctn? in the o Jee:sc Is lll(gnlg? ud?rfal > cm

direction, together with an adjustable securing device for restricting the

beam's movement in its longitudinal direction (corresponding to the object's
" transverse direction). Thus the invention entails a complete mapping of the
thickness of the whole or a substantial part of the object, the latter being



3 MARCH 2003 WD 00/ 14528 PCTI 1 VO99/ 00274 al ong both axes at a relative
velocity of, e.g., 0.25 m's The high resolution and the accurate
positioning of the sensors on the beampernit control of a |arge number of
nmeasuring points with great accuracy. The neasurements cary guRes@Bt !y be
conpared in order to establish the object's state of 5 . corrosion. The -

i nvention al swomensszd s scanning of the transition between pgliiBosiopRt t om and
ship's side together with the ship's sid For the part which is |ocated
above water a device may be enpl oyed whi ch permts wafer contact between
the sensor array and the ship's hull, each sensor, e.g., being provided
with a 10 jet dhiwnaiver amgeranegawmﬁsasbmm W@ﬁﬁnq“ﬁe@énsarm ei cation

channel for S r.ef er e i nventi on
for use in thlsytgdﬁﬁ’ég{ﬂé 'Réépn%) %%g%gr?"' ?‘ﬁ'c‘ﬁﬁ%g ﬁ’ﬁé’é ‘émc’é' beam

consi sting of side okthetbeamotoghe pﬂler nWbmompkUEé(fowetanmaatwmuf teed el enent
and where the tH&'lchéssCﬁiZl tBﬁoQ‘a %sﬂsmzs %ﬂ thf]eh.},qk thea*aem%Qmeow fthe

obj ect. The jOI fer angul ar

S
alteratio {li‘t‘E H&%‘/‘ %’]"?55? |%Wéﬂﬂ’ewb’é? ME@ﬁO‘EW%% and the
ship's bot t orﬂrﬁd:ai&re ﬂxhq)lmealﬁchmssbwnﬂmm steip inpassidg thatbens, thedi es and/ or

di stance el et suindis BAlsst ek ) BUE) ueikllEa bl ARE oSLEIREpPYR S 21 S0

useful when e oyl N non-artl cu beam g‘case of
both arigid & tpSaﬂ#ﬁ boftarm cBhagpesition of theimgssuring poings intthe ldudinab be st abl e

with regard tcuxmmen amgwéhwtﬁ@rgsaﬁetry\/efh@ @hlﬁmtsaﬁne HPoskeRPin e dOWN

t he beam Thi,s ol. referred e nt by the beam
consi st i n@ of 1 "%‘ u&ég%dlf(ecng &ﬂﬁr §y of 6§ as""é‘ﬁe‘nge U um

titani um or .suithblegositioning sxstenen silstenqmegwqt thezbipDanel the beam f act t hat
the beam const(u&,sth%atﬁng) '1§<§‘dju§t€3 wmﬁs Bthng’J‘Jn@ﬁ‘x% dedGretty) Bofiing?

substanti al of the o ect S W al so asur ement
of the topogr gxﬁﬂy:s(a&gmrsscc & yregps {‘j’ﬁ%‘eg HP@“@/ ﬁ&\ergev*ﬁﬁl‘ggbgﬁpgﬁ f great
i nt er est to | rlsundamemadm:iardoek or at amrteargiracicalldcatise bftee pesseddly cl ai s,

and chan ﬁﬁﬁ 30 The nethod and device according to the invention
w il now e|I trated by means of non-limting exanples relating to

det or m nat | on 16, deBEod BRGARRR. 8P thel AORAIGAP N AL isBaBEE o7 iiblyo Rl B

means of the a vi ew of a
first enbodi mshipsem thﬁé’prew@qattﬁ@ﬂoatmgabmﬂmtmw the bedm congists of

PCTI N099/ 00274eﬁnéd Boute equippediwithGfositioa¥efifort e dadimiRiHpaMdTMtroltngd hat
illustrated 'Qh eg%bvegfxovung& Cém6¢$%l%]b%%§\%dthe%0f a second enbodi ment of

t he |nvent|on s a vi 2"Phi rd enbodi nent of t he

I nventio ure5 I S .ont v .of a fir diment of.an articul ated
beam an&OS ﬁﬂrfgrtgcﬁ gmgoél Ok/ﬁ'ﬁ\k/‘%‘?" 5’“38’?’ é’ﬁﬂ}n&ﬁ‘ém an

"articul ated" cbamntlolﬁl with ¢sadingard] @nlbading opetations dn Iassblmmtm)tiftngimafs t he
invention. 10 gffiGured by a service boat on the seaward side of the ship and a wagon on

the quay side of the ship.

According to the invention the distance between the object and the beam is
25  adjusted by moving the beam until it is located directly below the object.

" As distance elements, fixed or rotating brushes, or high-pressure hose
nozzles may also be employed, with the result that cleaning and inspection
are performed in one operation while achieving optimal inspection distance
in a simple manner.

30  The resolution along the beam will be given by the distarice between the
ultrasound sensors, e.g. 5 cm, while the resolution along the other axis (in the
beam's transverse direction) is given by the ratio between the relative
velocity and how often the measurements are logged. With modern
distributed measuring and storing it is possible to attain a resolution of 5 cm



enbodi nent a beam 2 is provided with sensors 3 |ocated under the ship 1 in
a lock. Two buoyancy el enents or floating bodies 4 are |ocated on each side
of the beam 2 which may be | ocated directly behind the hatch or sliding
door 5 10 in the lock. The beanf's 2 vertical position is ajnREsOBE D
respect to the draught of the ship 1 by neans of a winch 6 | ocated on each
buoyancy el enawdovhss2zéhe buoyancy el enents 4 ensure that thgy /ﬂh ‘ﬁpﬁe

bet ween the beam 2 and the ship | renmains_.constant even thought wat er

| evel "varies. The winch 6 may al so be conMected to attachment means on
shore. In order 15 to secure the beam 2 agai nst horizontal novenent due to

hydr odynami ¢ fg&ﬁ,%% t@gxég ét'f&izﬁ[}%q/cﬁﬁ:ﬁgrdfg&gdﬁwscrﬁ/s %‘Ré h}@hrrgscﬁﬁﬁ@&hed AL

f oundati ons 8 e rrgem; sai Into or
out of the | ocRndihe W&@cmgﬁ'oﬂ%ﬁ %S%Fﬁd’ntth%bmﬁéﬂ%“sowlf@r&nthe
mappi ng of thi ¢tdegeaambei bEmenh@ingpdintd widSgrea dcegracyii Thd Measugsierd t he

sliding door 5 h n cl ck i s drained or
filled up to a %@%%QSE%BSQ%{?%&&P@? E? 9 Cs?%’?'%hgi)eh&w&sgbaéﬁgg and the
ship 1 conbi nuesrresiogourse. | f there is room t he | ock can acconmpdat e

several ships sinultaneously. Wen the systemaccording to the invention is
provi ded in a [Mhclinventionidlso pdrmifsasainihgof theitranbitionbetweearshipigbatsorhhe shi p

he scanni ng.of “Ehf#gﬁ“@@‘d,ﬁ%er yﬁﬁmﬁ“%% SRR G e iR iP10Bed> T 9DS)
conduct ed in tﬁ'éOonWP's"éa ViCs hbe emploxg whecé\rmw%vaémonmb eeB a | ock
is to enploy atisdsepser stppkaidithe stiptkhull, ehélDsinsory efoMeing providedswiginge

el ati vel Y000k 8040l whit) S BONA fEcloal of Moyl ity RRghI 08F 20, e

i nvention can nes opography of the
ship's hul | . Frijtaseund. |A Pngqmléx e&fwmwlgm@ﬁ the invegtion Fre" uspie this on,

adap}( edt f 0[ }[Jﬁ@oﬁﬁbchbﬁtc@ﬂ@lﬁlsS@ﬁl “drfichlated” ﬁaﬁflﬁég,g Héﬁiiﬂ}oﬁsigﬂ bhst ﬁsﬂsor s 3

are kept a correc

di stance from fw%pgﬁf Hgreg “%ﬁyﬂamg&k@@g&&%r t?“:IE(')‘ ﬁﬁ%l ti oni ng

log t he bgam 2 belpatqtvbut @tr%}gtomﬁﬂlqw the calwur of maﬂvjmﬁh&mmt(si) oxayrhe e;?stﬁm

suitedjto t iSddPdizR of the

i nventi onlf)l acgq ;Pél{vﬂﬂ?eo llu rlemant sla\?\natﬁﬁﬁ%ﬁ lﬂmdérﬂfge b it oﬁillmgﬁd

greater 5 requﬁfséfﬁl?ﬁ%‘ﬁf Fé’@%’i“c?“f‘&h%ifﬂl’ﬁrt‘?@ﬁ? él?ee “bﬁ‘?y t he ot her

hand it pernit provaga withdloatingdiodes aindfor distancp elensents oxeogueanﬁhef | oati ng
roducti on shi &0 nove.

g filaiB), Tl cIEnGfie R, AEPERMIWED ahfloyils Lankd

Flgure4|IIus ‘b e I nvent ed to use
during | oadi ngfRM- aign fbegig p 1. In this enbodi ment of the i nventi on
the 10 beam 2 is provi ded wi th an el ongate body 12 which is noved backwards

and forwaf@ds ofn thercase of bath 2 ﬁsldo@almrgcul@mrb@w it sdBporant: foe thebgank tayi dt h

of the ship tObb@tawm rByard tb S¥ive afa Flow fon bﬁﬂeheme%amtatmﬁ&ed to
a.smal |l serviceg ves nd,.t o g wagon

s th aout noRedinE Bowh RE hiites SRR, EnB o Solied iy K pierbed effititea

illustrates a bythe beanhodnsisting of a tmsswrk and beinganadeadng.g., stBak beam 2 i s

provided with afckiil! @dnfink BN fbrkteifftdrkld BohPbditcltbal0! the beam (o be
pivoted in order to follow the contours pl anar -object, e.g. a

ship's 25 Due to the fact that the beam constitutes a fixed reference point along the

whole or a substantial part of the object's width, the system also permits
measurement of the topography (dents, etc.) of the ship's hull. This can be of
great interest to insurance companies in connection with settlement of claims,
and change of owner.

-30  The method and device according to the invention will now be illustrated by
.means of non-limiting examples relating to determination of the thickness
and topography of a ship's hull, and by means of the attached drawings, in
which:

figure 1 is a front view of a first embodiment of the invention;



- hull. In the figure the beam2 is illustrated attached to w nches 6,

whi ch are secured on |and, but the use of the articulated beamis not
thereby limted 20 thereto. The beam 2 is also provided with floating

bodi es 14 and di stance el enments 15 whose function is to naMARDH2003
correct distance between the object and the beam The device al so conprises

a rigid beam o gfiessg/pport structure,- which is preferabl yPa,lgg%g’g 74 and
where ultrasound sensors-may be placed if desired in order sSure the

di stance to the ship's bottomor 25 det erfine the t opography of the bottom
while the bottoms thickness is neasured by neans of the articul ated beam

2. The rigid b . 6 tiff.enkng .struct.ure.  Anot her .
possibility i s?@g}eommtaIL fﬁg%ﬁéﬁogﬁxeﬁﬁ@c& ogllﬂg'grﬁsfggtdnaﬁf?éﬁ‘gmEg‘frﬁel’angl e a
between the joints in the gl‘.tiCLtJ at ed cgea g. I n giﬁec.illust(ated enbodi nent
the distance el&HEht & SPRLHENY iccRpe&mgodiment ahiheqaYeqiian; 5| so be
provided in th% formof runpers. The di stance el enents may advant ageously
be enpl oyed i niighfe dRpbYieNelip® above gk aithivd pmbedimenb phthedgiemion; wi t h an
articulated beamand together with a non-articul ated beam Figure 6
illustrates a §iguendishiront viewtofor figghembpdiment of enjartisulatedbeankiandheam 2
consists of a trusswork, the object of which is to make the beam 3 MARCH
2003 WD 00% 145 fAgurayisnofronpvizywiofa secaid embediatent ef aro"artivelatedt bEamw f or ces.
The beam 2 is also provided with articulated el enents 13, floating bodies
14, distance eFiguees band2alivstalts o firit dinlsoaliment ofltkeritivieatidi® Inhibise function i s
to ensure that i i ' t obj ect .
The floating bgglilbé(slﬁﬁt%ab%@? § pib%?%‘?/tehtlﬁ gg&g% lgﬁqur]{rligl?eitr\%\é %ﬁ(}p glﬂgl aspri ng
el ements. |n tHck Twodbuoyanciclementsyy figating badies d arelacptgdoneashside of t h t he

s?ire function &seiltdaat%dnﬁarirnhgdeiiqsba@anm@edt' ng‘jycu;hmdtdncih:ajgw&sﬁdin _ o'ifg_ri ng_

el ement s ma . the embodi ment i strat nfig. 5.
In the il #@st r}a/'f g\gﬁg%g@%%%ﬁgsegﬁéer?ggg%s %%ﬁ&gﬁéﬁs‘f’ﬁﬁﬁsgi’? oéb%ng the 10
entire width ofiraught obfheship | hy mrassof aydaciéiysiated areeachduapaicyved by a
simpl e rel ati veleaRag 4PEhe\BESYanBE cRRIRES 4 8RGird iRt chadlbtaﬁ’& BetlvBEmald ve is for
the beamto exhend onl,y alﬁ?’ a substanti al épngtF\t ﬁ{e t he vmg%iﬁt of . t he

obj ect, for exBfité andbe Shpiliomping cangtant pyendhovghuthewiater lsvek yatiespi ect . 1n
this case conplbeevinelppimny alsmbbeormchiedvie dithshmed mseaos oa shoml In ondeber of
in this 1lpsexappleutdfhe RIMTEDedimt AotivGhtd REVURER dulfo APhRAYnARE L he beam
Thi s assunes tPat t he bealgiia di s I'gggad 3 noyed bg}gee t he pasges, thus
enabl i ng di f f efURES: ARAFRCYRLC ﬁ%c“(Sﬁ‘j v1Gey PV G AffatheqURilORPdatons pR%s. The
system and t hethredidttaon amydedinpgoyeal. tAvethe skiprit sadls igtiover dubef thedoek,dt a nore
reliabl e basis Ry G i ' f '

mai nt enance shg{??és ggé‘rl%pg%grﬁg%% &gslogt;?g?ljff%@gt%h%%}s‘gPEP}\{%Q%{

predi cting theAdter th ship 1198 spilgdeinte i lock aed theshidinesdans Sdrechinddieshin i s
brought ipgo dRgkbeehRosedNeiedocials drakica oy filREAp\t6 aqri Mvél Bufofeithat i on as to
whether it is grel%lolst 102k td(r)]or\’\ﬂIolp(:f"ene[(ia 2éd {hlegﬂipol ggl{tinsuréls B ‘course.’If there is

room, the lock can accommodate several ships simultaneously.

When the system according to the invention is provided in a lock, it will be
possible to implement scanning as the ship slides into or out of the lock.

25 With a speed of 0.5 knots (0.25 m/sec), the scanning of a small tanker with a
length of 150 m will be able to be conducted in the course of 10 minutes.

An alternative (not shown) to a lock is to employ a ship's dock (dry dock or

floating dock). In this case relatively good control can be obtained of the

ship's position, and the invention can be used for measuring the thickness and
30 topography of the ship's hull.

Figure 3 illustrates a second embodiment of the invention, adapted for use on
the open sea. In this case the beam 2 and the sensors 3 are kept at the correct



9 3 MARCH 2003 PATENT CLAIMS 1. A nethod far detail ed mapping of the

t hi ckness and topography of a buoyant object) particularly a ship's hull,
by neans of a beam which can be raised and | owered, said beam carrying an
array of ultrasound sensors, 5 . wherein the object and ”ﬁﬂRﬁéﬁiﬁbg noved
relatively to each other while the ultrasound sensors inspect a part of the

w dth of the wojoesiszg char-acterized in _ - that the U|”a591‘f’lﬁgo§) gns
i nspect the whole or a substantial part &_f the wi dth of e opbject, 10 -
| a

that 't he object and the beam are noved r tively to tech other is. the
object's longitudinal directions and - that the depth setting between the

ject s oot ! . - 1 ( Dol
monne. secur ed GAPE enPlesiEEbPinchf St (0 SOHIEY vBlhel Y. IME PR oms, 9
short, 15 thus(?%'éF#F%'Pi%%laéwﬁﬁ?é‘ff‘esmlépnﬁfglswdsé)fmsgwwngﬁysﬁmdebj ect's

th: cf_nesls agdtgmdgoﬂWyurpysmmrtﬁsltﬁ%c@%IEm@ﬁtsglsmiélcthﬁEn@éf t_aasstes a
rel atively bet: . e bea A NE according to claim
|, , charact erwgﬁlédﬁag%{& %tgla{}g'd{rﬁm&?twl r%ﬁﬁ/\’é’é’f"?sﬁf?é"%f’é BreRIfd t he

beam arc 20 adjeasiremicnts iffaregard toycquipment shé gravabat on ghobthehbatsbiam by t he
lifting rreans,pmtﬁ@piﬁ@ﬂmmmmetd&ﬁsc@_egﬁ@ ggatﬁhgegﬁlfc%gr ence

al ong the whole.or ubst ang i st t of the w ect) thus

permtting neasj‘llﬁseﬂgﬁ OTHs Of § 6©$°a"§ﬂa'§swgl§ma§?n%&°@.sy}°mﬂ’det hat the fixed

di stance i s provi ded_% means. of di stance el enents, eg. wheels or runners,

arranged on t Hagueshilbistrates a thigd gmbediment of thy inyenrtiprs adapied tqpsqr ecedi ng

clh ai msi specij a_idrintgaldam'hgﬂmlq}rdiﬂgﬁmﬁﬁb qnl:ofhisﬂﬁﬁbcskiimr ogiﬁcﬁﬁfr&gim tPe;

characterjgze IS . .beam an object is
LE T Hebyt S ol AF BORELRE0y 18P B ICL bR oRa 8

further regu dﬁ ] |8 S
pi'voting aboutfosvalds gatwisesealang theheame] therehye anatilingghe entireowidgh o6thet he

obj ect' s cont qikip tAB¢maAPpéd ey a dew 8EdBoRATHE et X RAt@BR&L{ Ssthi) Ckness is
performed by neans 9f % sgl?soer%ﬁ#éheaﬂ_re%v\/ﬂl Ing determaétlﬁ{: of the
obj ect's t opogiraphy T ¥ pe P orEd™ agur R HE"G YR &VaseP igeY e beam s
paits or by newimchdevigd@nitheguay sile ofiteship $ensors arranged on a rigid

beam 1Q 3 MARCH 2003 4. A nethod according to one of the preceding
clainms, 15 Figure 5 illustrates a first embodiment of an "articulated" beam 2. The beam

2 is provided with articulated elements 13 which permit parts of the beam to
be pivoted in order to follow the contours of a non-planar object, e.g. a ship's
- hull. In the figure the beam 2 is illustrated attached to winches 6, which are

secured on land, but the use of the articulated beam is not thereby limited

20 thereto. The beam 2 is also provided with floating bodies 14 and distance
elements 15 whose function is to maintain the correct distance between the
object and the beam. The device also comprises a rigid beam 17 or support
structure, which is preferably straight, and where ultrasound sensors may be
placed if desired in order to measure the distance to the ship's bottom or

25 determine the topography of the bottom, while the bottom's thickness is
measured by means of the articulated beam 2. The rigid beam 17 also acts as
a stiffening structure. Another possibility is to omit the use of the rigid beam
17 and measure the angle o between the joints in the articulated beam 2.

In the illustrated embodiment the distance elements 15 consist of wheels, but
30 they may also be provided in the form of runners. The distance elements may

advantageously be employed in all embodiments of the invention, both

together with an articulated beam and together with a non-articulated beam.

Figure 6 illustrates a second embodiment of an "articulated" beam 2. This
beam 2 consists of a trusswork, the object of which is to make the beam



characterized in that the beamis stationary and the object is noved past

the beam- S. A nethod according to one of the clains 1-5) 5 characterised
in that the object is stationary and the beamis noved along the ' object.
C. A nethod according to one of the preceding clainms, chayggkeH in

that the ultrasound sensors are- arranged on a body which is nove
backwar ds andwbewmsesds al ong the beam 14 7. A method accpefhé@nsq one of
the preceding clainms, ~ cheractcrirxd ingthat cleaning brushes and/or high
pressure hosing are enployed an or in. the vicinity of the beam for

cl eaning the object before the nmeasurenents are conducted and/or in order

50 pr OV} de Ejhf},tz{vilé(géiatiﬂesioaxﬂﬁfb &ﬁih %Eﬁrf_ofc@?. AR tf‘é&gn t@'i‘sdal?scli‘Enﬂﬁi&’éﬂf wﬂtﬁbB- A .

obj ot (1), partsated ermas 3 Hoting bodicph B Hye BRE (5 P00 ARE can be
rai sed and |owedttespring ¢lefentsgl rwhose fufiitiosaitd ehaaethdjalicthedystagean Stray of
beam (2) - ext eriingits {7 e, i ContfAWAEIEIQLFRE THS Moatiig hdies Fmay b’ N30 1€
ul trasound sercsleyqdzas an plterpatiygiothe éP‘ii'F&Q'é&@n{ShE“ fiprasedhe devistmayaat i ai
o e i pta( ) i e o s st
p:a)s(ged 'by t he Bfeécé'?m(@)qg;ﬁtﬁ“?%g @g‘f @&ngsetl?rgﬂbtfﬁga?wa?lsg e&f'ﬂ%g‘&efidﬂ, andg -
that the |iftithgembadisnensjllugtentedinufisd.by fl oati ng~bodi es (4) andl or by

attach~ouent neans | ocated one shore, . . ~thus enablLng the con~rplete
n~. appi ng of tih¢hohjvstated entbalimests thebeann poigndpiubstantibly atdmgahed w t h one

or a snaljo NUIRELe RlaRITIS obRATh Uk RRL WedRind Qb fnflleg by o 1) and the

beam (2). - .9, evi ce acc Ing to ¢ araeterizcd fn that tbve
Jiltitag vaeaiSimplerelative passbefueen the ehiectiradithe beam A alternaves fope
di st agcg bet wemh bednh €0 8kjefdion(ylalonpd shllﬂﬂarﬁgﬂ@jhﬂ@f,th@?ﬁﬂtﬂmé bjelrigam (2) is
provi ded wit i g'!ﬁ i Stan e t 15 3 MARCH
p003 : . 11 (efagg’a\%\#e]gfg?ar ?aul‘ nél;)%gﬂg%g?g}e ‘gbd?'ilgr?gthe oquée?hf"s&.sora?%utorrati C
adj ust ment of complete mappins ean heachieved byopeans africsmalbnwaben of; inibisnabl i ng
this di stgnce ekfmpR twes; passes S¥ativélydRiwete tiBPBjedfand thelldamATHRVI c€ -~
according to claim 8t of 5.~ ck&ar ct ard zed i r Ehat Lhe bearﬁl&Z) coi LSists
of a trusswod@ssumes hat the beéam is displaced or moved between the passés, thus

ehabling different parts of the object to be mapped during each pass.

The system and the method according to the invention give the operator a
_more reliable basis for decisions concerning what kind of preventive
20  maintenance should be implemented. It also offers the possibility of
predicting the extent of possible repair requirements before the ship is
brought into dock. The owners can thereby receive early clarification as to
whether it is at all worth while repairing older ships.



11. A device according to o~ae~of the preceding clains, characterized inn
that the beam (2) oonsistg of at |least tv~o0 parts intcrcoancrted byneans of
as articulated elenment (13). 12, A devico a~ccor~rg to one of the.clains
9-1 1 ) . - 10 characterized in that theydistance el enent 3 MARCH26080npPoOsed
of rotating bnishcs or b~igh pressure hose nozzles in order. to ensure an

al nost constant inspection distance over the iwhole extent of the beam
while performng cleaninglliosing. ~ 13 . A device according to one of the
pr-aedi ng cl ai npATENTCEARMSCcteri zed in that the scx~sors (3) are evenly

di stributed and seourad over fhe whole beam (2), or are.~aaged on a body

g 2\2“) C\gh;gfclolr 3. 1! Ovapinembuqmmwal é’f}i &mehﬁameeeandﬁpbgmpn}wp% n 3V|4t hAt e
met hod i ndi cat Q‘?f’ q’é?“gﬂ?ﬁrﬂ‘}‘ﬂf@pﬁeﬁpgc!’ﬂ‘gf 6&5’&%0{%?"‘}% g&ﬁPbg al so

cai npri ses rmarmeﬂand&Wﬁcdnsmddg:ammntymmarpaysoﬁulmmide@pwent| ng~t he
beams anovecneRjedeth thpdhfabt ﬁﬂthébé:ﬁﬂﬂféxﬁ%éﬁela@véﬁ%'c@éﬂ oth@RhifiOheni th an

adj ust abl e seo evice or restriciJn e _beam s novenent in its
| ongi t udi nal é’é‘gﬁ"gﬁfnﬁ?&‘h’&’é%ﬁ?gﬂp 0? ‘H@ﬂbg‘f‘é‘ﬁt“h& gr ansverse direction)
and_ that it |d1atmimdmn a lock systeaa or 25 in a dock. 15. A device

accor di ng 1o 0NfgPfie ifasBlidd BBhssts ipeSt B VbR drifibkinfidl palt dfithd S adapt ed

to use on-th~e o he ~4oati'ng bodice consisting of service boats
(9] Gqui pped Wt Eﬂ’&ﬂh or deterrninativn arid control of tho ol~,ject's
and the sdnsocsﬂmeibawbjﬁstmmqmawnbdcdwlml)ﬂa caclvothef infheo one of the
clainms 9,13, BGs9bhgd ﬁ,qhhp ;mde adaptul to use is conncctioa with

| oadi ng and un Nng, ORCr at i ns_bei ured by e,
servi-et boat (gﬁlﬂg %e % £¢ g&&é&ﬁﬁ“@ﬁ%ﬁ %"@éﬁgﬂlﬁ ﬂ‘{éli%teéfg ¥ he object and
a wagon (13)- nrmmeﬂmgsth@lbem by li8ingmeans sccused/by Moating bodies and/or

Y. A a% ALY. Aa Vi adinilenfin¥itisAocatilon dlord936 oar[ r{

g s i g a1

#$9& () #) q) M\ 2l fopagra {omqma\swa}ldam ebpwsses eltivelycal ca] cal cal ¢
al ca]l ca] ca] calpaakanineadbirl and thabeahca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca! 445i 6
8W999:

1} ; =>? @\CCDEEEFEEU i tho¥lagoringas bldihag] ca] ca ca] ca] cal cal] caU] ca] ca] ca] ca

2l ca LLL @VMVM
Lﬁ%\lﬁﬁl%(ﬁlﬁl%\lggym %&E@uojé@[@g& %P% cgU] cal cau
] ca] caU] c2fcauprdasted mytemaficaliy m@w&& j D% 8% al] ca] cau

] ca] ca] cadVWV and that the beam constitutes a fixed distance mferenoe along the whole or a
substantial part of the width of the object, thus permitting measurement of
topography (dents, etc.), and that the fixed distance is provided by means of
distance elements, e.g. wheels or runners, arranged on the beam,

25 3. A method acoordmg to one of the precodmg claims, specially adapted
" for inspection of non—planar ﬂbjocts,

characterized in that the distance between the bw,m and the object is further
regulated by the beam being divided or amm_ated, the parts pivoting about
at least one articulated element in order to follow the object's contour, and

30  that determination of the object's thickness is performed by means of the
sensors on the beam while determination of the object's topagraphy is
performed by measuring the angle between the beam's parts or by means of
additional ultrasound sensors arranged on a rigid beam.
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6. A method according to one ofthe preceding claims,
characterized in that the ultrasonnd sensors are axrranged on & body which iy
moved backwards and forwards along the beam.

10 7. A method according to one of the preceding claims,
charactcrized in that clecaning brushes and/or high pressure hosing are
. employed on or in the vicinity of the beam for cleaning the object before the
measurements are conducted and/or in order to provide the fixed distance
between the object and the beam.

1S 8. A device for detailed mapping of the thickness and topography of a
' buoyant object (1), particularly a ship's hull, compriging 8 beam (2) that can
" be raised and lowered by lifting means (6), said bcam (2) carrying an array of
ultrasound sensozs (3),
characterized in '
20 . - that the beam (2) extends along the whale width of the ohject (1),
- that the ultrasound sensors (3) are arranged to inspect the whole ora
substantial part of the width of the object (1), ~ :
- that the beam’s position is fixéd in the object's longitudinal direction, and
_ mrranged for being passed by the object (1) in the obJect‘s longuudmal
25  dircction, and
' - that the lifting means (6) are secured by ﬂoatmg ‘bodies (4) and/or by
attachment means located on shore, .
‘thus enabling the complete mapping of the object‘s thiclmess and topography
to be achicved with one or a small number of passcs relatwc]y betwcen the
30  object (1) and the beam (2).

9. A device according to claim 8,

characterized in that the lifting ‘meavs (6) are arranged for automatic depth
setting of the distance between the object (1) and the beam (2), and that the
beam (2) is provided with floating bodies (14) and/er distance elements (15)
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10  charscterized in that the distance elmnents (15) are composcd of rotating
brushes or bigh pressure hose nozzles in order to ensure an almost constant

inspection distance. aver the whole extent of the beam while pérforming
cleaning/hosing.

13. A device acéording to one of the pmcedmg claims,
15 characterized in that the sensors (3) are ovenly distributed and sectred over
' -the whole beam (2), or are arranged on a body (12) which is movable from
one side of the beam (2) to the cther. .

. 14. A device according to one of the preceding claims, for use in "
~ commection With the method indicated in clalm 4

20  characterized in that the device also cOmpnsmc means for determining thc
beam's position and preventing the beam's movement in the object's
longitudinal direction, together with an adjustable securing device (7) for-
restricting the beam's movemeat in its longitudinal direction, corresponding
to the object’s transverse du'ocﬁon, and that it is located in a lock system or

25 inadock.

15. A device according to: one of the claims 9-13,

characterized in that it is udapted to use on the open sea, the floating bodics
congisting of service boats (9) equipped with sengors for determination and
control of the object's and the sensors' relative movement.

30 16. A device according to one of the claims 9-13,
characterized in that it is adapted to usc in connection with lording and
unloading operations, the lifting meang being secured by a setvice boat (9) on
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