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WD 2004/ 028892 PCT/ GB2003/ 004191 1 UNDERWATER
ENCLOSURE APPARATUS AND METHOD FOR CONSTRUCTI NG THE

w2 0Tssehni cal Field of the Invention 5 The pPe€F6EBR003/004191
invention relates to an encl osure appar at us,
especially for providing buogancy to underwat er
installations, and to a nethod for constructing the
same. The apparatus finds use in a range of

UNTIER W BiER &I TLQITRB PP ARABEIStANDI METHSID FOR/ CONSIRUCTING

buoyancy to underwater Stﬁﬁﬁ% I and installations
enpl oyed in the explorati gﬁf/ﬁ;pr oduction of oil and
gas. The apparatus may al so be used at underwater

| ocations to 10 house equi pnent sensitive to
hydrostatic pressuﬁéxbnﬁﬂdigﬁeiﬂnﬂﬁﬁﬂﬂmm under wat er

envi nnent . . Bac | nvent i

Caor GEPERes PRI R 8 Gr phconbY S-SR, ¥atially fprproviding
bityaNdye uRHEeNARSE ¥ndtdlatidfs, Shd ol fnd@Rd For dbbidlictmgaRélsame. The

installations, as well as to vehicles used underwater.

apmaameﬁ@ﬂsmsam ormandl wrdsaven appliestions) in paricyles ferproviding
buo E%S&g gMa?e% tr[f&u}égg'n_xg nsgﬂgt)f&fgce\(nﬂlgyeﬁqm{he 9&%}13&%1’[20911 and

opera Ions I'sers ex

pl’l@dﬁdtﬁﬁrbf@ﬂ\/eﬁfﬁ%@b ‘Dlie a‘i@@h’c@tmﬁ)hzﬁso Belifed @ uaderivhier keati®ds to
ocean to the well head on the sea or ocean floor are

hquse ggeipmrEyt seagjtive diydrastasie Pressie g8 antoheramt pl gy unsepvater
%ﬁﬂg&ﬁ%y operated vehicles (ROV's) require buoyancy 20
evices to be incorporated into their design and
construction. Still further applications for

under wat er buoyancy j ncl ude suyspended. noorings, in
whi ch nooring |ines Mg%ﬂﬁi—%ie—nﬁ@ﬂﬂ Ve d out of
cont Pﬁhy %&é}gﬁfek B#)if@tllodﬁ YORKICTBE Bs ST PIED n&)réﬁﬁg bfi‘§yancy to

pi pel I nes ea and subsurface rkers
swsmifmedtrsttumstand estadlatonsnas wkll ag foorehiclddased msdeffwater The

B PO LS S3E e 1% B By
oAU dRFw DR ra%as.| B & Efénhﬁé?ﬁ cB8hdIRE %tw%ﬁ)h' R?ess@l or deck at the

varlety of materials are nown use as uoyancy
susfaoe pfithe gezn@dcvqgm torthe mellheddamethe paai cam@dalbﬂmymijrequenﬂy required

th h
ofesTiged pRLSHPEERBemBR oftiilbd Pl RO S etirk Bugyancy
détidck 36 Be RicodedtbDivtoMAER et SR nd ERBhITRL Stimloﬂurthe lications for
chloride foamis al so enpl oyed as the_ buoyancy nedi um

uidersyenbupreneydsclade SHPE glgnoomngh ilp tvhedhgmeorste lines apd ghains are
he;ﬁ %gt &% Et?ta v?#ﬁ%ﬁ cal st sg}slfageo&;% a{}% %E’%r%ﬂé? ﬁgﬁr?e%tahﬁ glvellheads
aROSIBBUr€ica Imafiseds 8§ prdlgidBtoyans yn® iewilidiiows. Devices for providing
buoyancy are known in the art and are commercially available, for example a range of
modular buoys available from the Balmoral Group.

A variety of materials are known for use as the buoyancy providing medium in the
aforementioned buoyancy devices. Polyurethane foam, having closed cells, is used to
prepare buoys for light load applications in surface or shallow water uses. Copolymer
polyvinyl chloride foam is also employed as the buoyancy medium in such devices as
buoys. A third class of material used as the buoyancy providing medium is syntactic foam.

Syntactic foam has found the most widespread commercial use as the buoyancy providing

medium in buoyancy devices, in particular in deep water applications.
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medi um i n buoyancy devices, in particular in deep

wat er applications. WO 2004/ 028892 PCT/ GB2003/ 004191
wQ2@ynesseric foamis a termused to refer to aPCHOB2006/004191

foam materials, all of which conprise a polyner resin

| oaded with hollom1n1crospheres The m crospheres

serve to reduce the overall %Iensny of the pol yner

resin and provide the necessary buoyancy of the foam

nat e?bfnéactlc Toran fradigen ppesktogefet ioea wnet alciopm meamslpealiyd which
co?gq)q iggf?%ey ﬁ/ oggecf\? %ﬁgﬁ%@g&%&? SOfThtePﬁcfbgbﬂéf@sr serve to

reﬂﬂl&r’tﬂé@mﬁleaensim QQmej’o@tn&d régii and IISIGVrdeS]ndfmdmisery @loyancy of the '
Syntactic _foam has been known for nan

foampnagiad. dde arapsrtissioafheryptactiy @@mdmag 35’(5?@;1%%%11% the
f

AR ey MBIV R P T S, SR 08 Brpors

1naub&%&dnm®ehsmhﬁMﬁmbﬁﬁn known since 1968. One 10

S|gn|f|cant di sadvant age of syntactic fo that th
SHEAChC it BaRAFRGONn %W%%ﬁaf%ﬁn A 3 ytggl for
pr&ﬁ&é@%éyaﬂ (Hfﬁ r@é%‘fﬁﬁ&er%fe? lﬁaﬁ‘&g IQRHSE O Bshdh installations for

us, di scl oses a | ayered
uss ki ﬁlel]:mef,fancyﬁmrduitﬂsotf eclhsemgsdysl hgnaarhwn irnoen siace 1948. t Gre

s Bpah (o sp e o dubaste oo o S ol BRI e density
anﬁhﬁus%h gh %ﬁ&%‘hb? Q5c1@ it et ktr YIS inPlob B3 AEsAC tThGs, U Patent No.
and uter” | ayer 15 capabl e of resisting danage to

4 O:hb,sw dmdoms e lawueqﬂimvu@ﬁﬂg’osprp@n@m&budvh@cma@mahs @ﬁ ghe type

P BB T e 5B s o

syBlcfié Qa8 ATAANEN cdrBpriseel bh [1ﬁl‘ér la@eﬁf@?ﬁta&tﬁb @)ﬁﬂlvdndemtdil%r layer
overall unit with the necessar resi stance to damage

capalels efirdsisting damagaial thogaickis srbpoyidintmsitAEy, The outer%ayer is

O Y T
mﬂéﬂ‘fﬁﬁlﬁfoﬂfed $a}@ﬂisfrb@LﬁfHd in 6fc&&\/ﬂﬁpr|@$1de Fdhd &teralhsnmwithdhe necessary

above, the syntactic foamitself is i nher ent ly
resifi@nesioidajnagei sansgehy themormaleperasiops &yihgadlinge Hﬁ&ifﬁ
A orced coating or covering increases
detspgdyn ?flp:% {’atnwggt't he nmet hod of manufacturing the
buoywily vdésliy ueed tsj?lﬂa@mefoah lbuoydnie dexficermnﬂ%]am:nmmberanf dignificant

the qveral |l cost t he de Fur.t
ERAE P o R Shose B Sﬂ%’té&%pfafﬂgéfégf binee Ty g g cosly
d%ﬁ%%? aiphy n@e%lstB }Jr@%@e {hlg%a?fﬂ @vﬁ‘ﬁ sdotheV¥Bik B FeinfBhdell cBfting or covering
ly such as a buoy or a riser
intleasds alna cmm'lplﬂXlty of themetiwtiof napniactsisgitie lbuqyancefoﬂquce the overall
ter of the averall f t
tngo! BSREHE B Bacy iy caTeT IRaeT s LR vatiefs it Bep imits
aé t@ 11% [gf)ﬁ’éaﬁoﬂ NGRL Wahels g@ﬁé’rﬁﬁ‘j& tRPfito R sBapddivwhigedsvill ®e finally

nplexity, time and
employed such as a buoy or a riser floatation unit. The casting process is limited in terms

C

of the overall size of the foam unit and it is not possible to easily cast the larger units
required in certain underwater operations. This again adds to the complexity, time and
cost of constructing and installing the syntactic foam buoyancy device.

Perhaps more importantly, the complexity and cost of deploying syntactic foam at
depth increases dramatically as the depth of the installation increases. In order to provide

the syntactic foam with the necessary rigidity to withstand the very high hydrostatic
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cost of constructing and installing the syntactic foam
buoyancy device. 30 Perhaps nore inportantly, the
weeovplozsepl y and cost of depl oying syntactic f oBer/aB2003/004191
depth increases dramatically as the depth of the
installation increases. In order to provide the
syntactic foamw th the neces%ary rigidity to
wi thstand the very high hydrostatic WO 2004/ 028892
piRSSTH<SR2 doBhOibe dedsity df thecfosmmawst he indeqasér]. Ahécdess it fpam density

isqrehien 24 b3 PSR RE Sipdalonye Pitepaion/ohgoPRst Fefint e f¥R and reducing
tHRITBIREVS proPordion RO hﬁéfegpﬁeﬁe%l Thisn e deORMe8 Mtk BRIV the foam
the relative proportion of mcrospheres. This in turn

mgtegiek ablws, one gb\(@@)ﬂ&ﬁ@? opbuayaacy, damvolwme ef yitactiTheam required
111c96a§e% %&1&@?&5 ?e%dgé d%)l‘%ggﬁ A (p)ﬁ’catlo em}:/r%las% Tﬁe hn%lhof deployment

oamre ases

of s@h@@de ﬂaaﬂeahiauﬁés wmb @i diog td v ﬂ@%@m 1§r hﬁtaﬂlbﬁﬂ Forodxample,
depl oynent. of syntactic foam structures, varies

the peastigaldgnit Sriveremuruchiedsite ajdgrthdn thegregios of ekeng08 meters
8, BEPIAR il 90 80 A0 HEHE AP b et

Hbe/etzér, th@lcsitrdfbuﬂlﬂﬂlofyﬁ malkgelmﬁomamvb enmﬁnﬁacﬂbsca&: In general,
deep as 2500 ne# er, the cost of such buagys
thete 15 aPGEPPH BH it A Sﬁe}ﬁaoéw Sonmmyhilegapallg ok beipg deployed at great

SGFAELAL AL, AR SR ! BRuPl oot ot 350
fegt)e dherede ficheforehared ipthe @tti fond bllloyand:y davidetvehidie pt dapatile of being

oSO B G Bree THa eh 1 SR e Sty iy depths,

w?tﬁé(ﬁtciﬁcr%bgeoﬁlﬁleﬁﬁ‘?é‘ﬁﬂ &spf being constructed to any
size desired and is capable of being depl oyed at

si gnUSipetent Ndeht9%275 Wsclhmsta design eawelihl dhapere xiytipdearor use in

degz?)sst glaprgpncfe a}pﬁﬁ%aﬁl[oné%{ Wg} jg)% Zlg%:gs l?t}cqglyg%e i%nen(%is Por Wachment to

uSleBRIREORIMESes2 RS B 588 ROR isclotds tBXINRAIGHED Cotks®cBSns are well known
buoyant el enents for attachnent to underwater

togapyide broyausy devias mﬂBSUéﬁ@@ntége@th bratesigitha highsmnppressive forces
erl 8ﬂl§ttefeﬁ%tnd$r0&§ate§r f déé}ﬁ {-Io{;lg L éltcﬁ Hd %bgsetmtkgﬁg% ar%)flnﬁted by their

evices w O resis

high Wi $ Hieplhesntds ratRBCAUNE i ddessrdefsialtrequintd rélﬁwrshthe deV1ce
However, such netal constructions are |imted by thei

mzyamcgh Tpehgheases SUementabIeYasY sens &g reqyared.” US 3 598 275
Pl A1 0Pl e SO L8 EARECA DI 585 gl composea

omamsma]remfmeqwrersﬂxj in WhicB ,af W Rdbiduyai poses leogtiobkré@riented
thls obl e rOVIdI y rical vessel havjng
whsighdlly nﬁx lathe gprtgcero s 11 ﬂ? ol tegiestel oy be th the form

G S RSP B o

fosinedfla. saﬂ'dvach/abmsumﬁtlmlhmmmsé bf ¢ horw dmlsityl coreeohOmath l%weffn two

Sl}chtsh?ﬂﬁdﬁ Cgl{l]qeelfl p Eg:{h%g dleqY cqr?]rsr{lélti;\etg% {seprl%gar ? g? ow strength resin

and serves to transmit stress from the outer shell to the inner shell. Preferred core
materials indicated in US 3,598,275 are syntactic foams or other resin matrices and fillers.
Alternatively, US 3,598,275 suggests forming the core in the cylindrical portion of the
construction from a series of resin rings, spaced apart so as to leave a series of

circumferential holes. In a further alternative, a series of resin rings are employed, which
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formof a sandwi ch construction conposed of a | ow
density core confined between two such shells in
w@orveeespl ¢ rel ati onship. The core material i SPCT/GB2003/004191
primarily a low strength resin and serves to transm t
stress fromthe outer shell to the inner shell
Preferred core materials indiated in US 3,598, 275 are
syntactic foanms or other resin matrices and fillers.
ab3fofy dvetheatwittetach ridg beingIBridatbw sl ggestcgrchilar recesy anheach side. In

core in the cylindrical,portion of the, constructjo
thesewiARE LTS dicgors g rqﬁlaﬂ?fﬁagen g et atiet D6l {8 domed ends

1s|a§a?ﬁf SyadR'thbgs. of circunferential holes. In a further
ternative, a series of resin rings are enpl oyed,

whi cmamm@u/o@m29mﬂ hmomtsac@mg mdespeﬁ@dtacméance in the art
not he each r

SHITER }6%1,3 g(la In%aé%lgg/ Igﬁg bel ng?vd%es efrﬁalo%eﬂ o ea commercial scale still

regf&f"tﬂg ?rﬁ@i‘ﬁbﬁal s?ﬁlﬁct?&ﬂbﬁm’f@élﬁbldg& REL e iferidas probiemsand
outer shell he doned ends  is again syntactic

drawhatnks Ihélsgrsegb@@lvs Afscqngmglys drror s fead Ergatimpeticd pagyancy
d t
PR RGP ARGl A b By B st

teS1@IOIBRNCi al scale still rely on the traditiona
syntactic foamtechnology, with its attendant probl ens
and drawbacks as di scussed above. Accordingly, there
is a need for an inpgﬁmﬁg WeYARH etgqparatus t hat
avoi ds the shortcom rshed syntactic

f oana bsdidg td £0haipegly the];ﬁes‘ﬁnmﬁ’adsr}tlonfpnb\héesl amvapphitatus for
According to a first aspect, the resgi_;l i nventi on
& "

prpwémw@senaw&gﬁa%F%@%@l&qfﬁle%‘ieévrww ARNEIBS cRUBPLiFing:
| ocalj;ons h81§su$é tn@ﬁ{ Bh Fetidusin n‘% &d A H%@B sing inner housing

conprising: ou3|ng co g an ner
endsusi ng body and tmo opposi ng .i nner housing 15 ends;

an outer ousj n risin out hou bod
o SRk N 2 UL IR L9 oS A
h&gi ggmgé sposed fully within the outer housing, the
i nn€r "and outer housings defining an annular cavity
t herthb ammehou51@1mb1@dlapcsstd Gdtyuwighin tlid duger housingnthe meer and outer

cavit xt endi bet e outer .housing and the
hqusings ﬁﬁ%ﬂgg Ay ag °§¥\$30@]F{?BSWWGP?’I 8 conprising a

pl ur althicurQf fiIRR FEREh ARIBYitPEftelin BtwedtBilib@uter hotising and the

transferring stress between spaced apart regions of

inperehdusimer the girficienal Hlertagaprising a plurality of spaced apart structural

members for transferring stress between spaced apart regions of the inner surface of the

outer housing to corresponding spaced apart regions of the outer surface of the inner
housing, the structural members occupying less than 60 % of the volume of the cavity
occupied by the structural filler.

The apparatus according to the first aspect of the invention represents an improved
means of providing buoyancy, capable of operation at depths greater than those feasible or
economic for known devices, such as syntactic foam-based buoyancy units. The
arrangement of concentric shells, combined with a low density structural filler extending
between the two shells allows the very high stresses applied by the hydrostatic pressure at
depth to be dissipated effectively within a very pressure-resistant structure. By ensuring



10

15

20

25

30

outer housing to correspondi ng spaced apart regions of
the outer surface of the inner housing, the

w@roogo2889ml nmenbers occupying | ess than 60 % oPCT/B82003/004191
vol une of the cavity 25 occupied by the structura
filler. The apparatus according to the first aspect of
the invention represents an i#proved neans of
provi di ng buoyancy, capable of operation at depths

thgt thatvelumenafiihe bayity obaqﬁd:dJH)}ethe strugu@horinbefsas ldss than 60%, the
devi ces, .suc S é%actlc based buoyancy units.

APPREAYS (ORI gt frd 2 BPYACY-conbi ned with a

| ow T‘E@&h&ﬁuﬁﬁzﬁé&ﬁb&é ﬁfeférhlblkf%cﬁ?ytl@s@‘iﬂha[iﬁso% Of ﬁ:%t%‘ﬁﬁﬂe of the
the two shells allo the very high stresses appli

cayytyph@lmgﬁubso@ﬁ atru@uq@i ﬁklsm morgprefeaaipy tess thah d0%, szssthdaxsethan 35%
In a very pressure-r esi st ant

b%?% ‘EF&’FE}P@Y%@ TEfsuri ng WO 2004/ 028892

PCT/ ﬁéﬁ%&é@t@ﬂ HEnbeb nidyaktdnb Rirv@hf@ntiafly iheprav| pé% endicular to
occupi ed by the structural nenbers is |ess than

thehengitagingl atisiaf the pppatetys wéhin the gavity: pemay pxtard atrﬁngewute angle to
PSR 205, NS e EEREGE o SEELAR B GUR prgray

cdrhisined mubé Gral offd Hdneycontm r&cnraefo@ew@mb xheyslse ] h&tal theﬂ(eycomb
with | ess than 35% bei ng. especially preferred, Eac

sugh jag fugEaiu ek a%x/ Alferastively, the haneyeomy mey be pha aolwner
mBleBAE sl z[%\;% C4h % bféfeﬁéaeenjl%'aﬂhéﬁ A, @lmgé(é SrhE h&té‘?rcomb are

appar at us in t e cavity, or may extend at an acut
fikedyiveth b doarh hvehiclo sggvésud iinabasathesshedmsti@n gih eff @ier leoheycomb structure

con ﬂh@”@gﬁw bffas Phieipotiron SaeomEL o Bt & raHepEBRtations
arf@)ﬂ ’Jﬁbﬁﬁ? @m&%ﬁ%@&%@m a}@?ﬁféﬂblﬁ‘&rﬁh% @fdég‘s&rtlon although

oy. Alternativel honeyconb may be of
oqhed fpres arermidogrossible, suchlas arcrrrwbtsdmvm,gra dlaenqdroebex cegs- SCCthI’l The
nbodi ment the avj.ties th are. filled, .
PR T G B Gel e SO, o GHOR STAIE L e dpneitualil ais. In
th% tlz{t%@ Gﬁsi% ®ffe §tﬁﬁuﬁﬁﬂﬁé&ﬁl@é¥§3nﬁ& E%bﬂﬁeeone'%rtrﬁfr@ %IH o¥ 8xtRAiAB

tructural nenbers include both

hedmaﬂy Iz)/uthm the pavityakhetadyeriageTaltrmoyisg o udmiﬁratrum% member is the

r.ef I ircul ar. i ngcr.oss;secti o alth
5B B B B end 0T SRR e T Babut N Moy or i
THe &ffcth BEthe Presbi@ized TRSGsI6 Bid-Qfbss tHaeubd, uﬁe@sﬂigyts%p@it@ to
circunferentially around or at an acut e angle to the

withsiend andl ear exdsangl pressures jgad pagssesrarisigeion hedrostatie fayeest This in

oSG Y R IRNREs R fp T8 bR acispagy! o
enpl b fogthar dspbit) e pedseitdhebndbn BRIVIXES an &p}bah&tus abhdreinpefore

to fill the tube with a pressurized fluid, such as a
desgbeds gy which thy Blleyiis %@W@%bl%ﬁnoxyz%an‘rh &he pypagdabie epoyey foam is

a Bfcrmdl ﬁﬁéardthte leHin oﬁe?fcé (9f \9151@11 e ‘f)fiﬁe& {38nd HBRar cavity, for example

Increasing’ its ¢
by pouring or injection. Once apphed the foam expands in situ to fill the cavity and

provide a structural bridge between the inner shell and the outer shell. Expandable epoxy
foam exhibits higher strength, higher resistance to shear and an increased density,
compared with conventionally applied foams. Expandable foam does not require a
blowing agent to create the foam structure, unlike other foam materials. The expandable
foam bonds to the surfaces -of the inner and outer shells, obviating the need for an

adhesive.
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wi t hstand and bear external pressures and stresses
arising fromhydrostatic forces. This in turn hel ps
W@ 200a/028392 t he apparatus to be depl oyed at i ncreE®682003/004191

depths. In a further aspect, the present invention

provi des an apparatus as herei nbefore described, in
which the filler is an expandébl e epoxy foam The
expandabl e epoxy foamis 25 a structural filler, the
conpdnentingdé aimithen aspeet @fght predent anviehBomg rinert as prowmmied gn

for .ex le. ouring or .inj.ection. e appli.ed, th
gD By BE PR s i o Bl O E oy i, Pbmerats
céhprighdir al bridge between the inner shell and the
outer shell. Expandable epoxy foam exhibits higher _
st r efiyiher Hevghe eommpisingtan ener g@lsmgé@dy anvdwareppertrgiaBa dousing
nsity, conpared with conventionally applied foans.
pandabl e foam does not require a 30 bl owi ng agent to
cr eafrohtBehduRHIE cinprisingaf outth hbken OB anll@&Blopposing outer
materi al s. The expandable foam bonds to the surfaces
hgysingf@dsinner and outer shells, obviating the need for
an . o .
rccol gt Yot bR HLDedt 30y A HROdAc AL, of innor and outer
housites defiming tth aneularscapitp thetbdtvaden; ajapar at us f or
providin%uaﬂ ?ncLosure in |locations of elevated .
pr es& sfrecturehitlleyyia thecavity g Frding etwasn heoufer fgpsing gnd the
iR P&e%&u&tﬁﬁ?ﬁ%}%ﬁhﬂ&iﬂ ﬁﬁﬁgolfs‘,"&bgﬁﬂﬁacﬂgpﬁ)id-ﬁee
I nner using 5 ends; an outer housing conprising an
resinbes pliieselsi ng body and two opposing outer housing

e B e G1GuIOPHBSOLE R ORARAALD ARiC BEE GeinoHbEtshge s situctual fle

alfRld AN s@bh A PfHééLﬁé-_ré‘s?sYéﬂt Mﬁﬁﬁﬁﬁ@ﬁﬁ&é’ﬁr@ﬁiﬂe& No/HHS tRe density of the
structural filler within the cavity ‘extendi ng between
filli¢rgs bigher thho afiha dillsrsdliscussediahonen;, themgestinggust ed-free phase provides
stryuctural, filler c ri sing,a continuous,. )
viE BT Pl arfen SF TS EpRnA 0 F il 48 Wiemer gt ghusshering
the @fbdsBd D Bced ISRt dtia pkasswel d-free resinous phase as
a structural fil'ler allows a very strong, )
pr es S Bllerds prefernbly appran. cespesially anwlynstsy raud althwigheothayguitable

regii%P ?nig&)s()eo;n tlclgfed S(]El%}al%% le lo’ rytri ssin.hjfg hFersint Ergf%rag%lr E&@]?Rr'ésgs a solid filler,

I'SCusse e ‘continu
suehas €nply poindesed\chilkU dht yra3etemphebld fillangdfodfs thé pedkl ®giag
fromthe quter shell to the inner shell, thus sharing

teppgragirg of thegesin ubedpsednipys pratepting thy iasey and outer shells Trom

excessive temperatures during the curing of the resinous filler. The structural filler
preferably comprises a solid filler in an amount of from 10 to 90% by weight, more
preferably from 20 to 60% by weight.

According to a further aspect, the present invention provides an apparatus for
providing an enclosure in locations of elevated pressure, the apparatus comprising:

an inner housing comprising an inner housing body and two opposing inner housing
ends;

an outer housing comprising an outer housing body and two opposing outer
housing ends;

the inner housing being disposed fully within the outer housing, the inner and outer

housings defining an annular cavity therebetween; and
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The filler is preferably a resin, especially a
pol yester resin, although other suitable resins may

wheooenpisey ed, such as epoxy resin. The resin prPef/6eBa®BP4191

conprises a solid filler, 20 such as finely powdered

chal k. The presence of a solid filler allows the peak

curing tenperature of the resin to be reduced, thus

protecting the inner and outer shells from excessive

t enpestaaaiurekfilderrvitign theecagily extgndifig bétweerethervntes hbiisihgand the

structural filler preferably conprises a solid

lnPPel?éllsmlgn an anount of from 10 to 90% by wei ght, nore

pr ef gnadat ¥nd 6100 Ahet BoRES RY¥hRite Housidl bRRGALHhADb:8 aibre-

further aspect, the present invention provides an
reapfp@pém@‘lx enmpriieg/d pluritnel @hres ogerding helicelswidirespeet to the
loﬁ ?utﬁnaq%xf%r %stﬁugpg)aratt& ea%ﬁ%r (taxlfgncf 111 raI Salnng: f%ponll Tglﬁ 1o 85° to the

using conpr hner hous| gg 511 and eWo

1mqmmmnﬂgxmnﬁemgﬁ@u&mmg ends; an outer hou5|ng
conpr|3|ng an outer housi ng body and two

out el thabueysneY Wejtseafdhe priggart, HratitlysVhg 05§§42ﬁ & fi fibres were used
togjﬁlt%gcﬁég e SHL}I o Ilf&v{/ ep tﬁ@ﬁbr%g (V%fe #ﬁﬂgé@g}; ?xt)sgh% fa&‘l@ﬁ{/ w?tﬂqespect

ousi ngs de annu
totthe I@@ﬂﬁ&!ﬁﬂmxlsaffdhé/@p%m @%ﬁgﬁv@maﬂéﬂcﬂ@ﬂﬁﬁingeﬁmm does
a structural filler within the cavity extending
n¢ ProiadhadeqBats gesittanes (& fhs gtrasses mduced; lﬂﬁl&ama{?éwsr?@ -a rggult of

)L(ﬁ@sﬂtl Oﬂ}@ssﬁ%. 1‘A1 geﬂe?ﬂgcghﬁﬂﬁdaﬁ‘ Fathd) gu&f"ﬁse\{lmhg W&y be

ei ng forne rel orcé
empnlnwd $diavigg eitidrflabbr domaf erfds os ewoje)tlt@ stdasa@ thebveraldingctions.
| ongi t udi na

P IR B bxteict By Bon by Sats Girth aites S Tace i yaghally

1n§>\%r(§5tlllte@t1&h SenditBI il R Fatt@ing sBhicthe I-Wef‘ttH@sarﬁerhgdrostatlc
t he buoyancy units of the prior art, in particul ar

p13$@%aczs7@q thfelebdsesf the am)am@efdm a gﬁnmallm flangrtedinpedisdeéibh,dending to

meven th , re re a d to ext i al.l
HRER oF opbdifing] B Siuctilse 1P ERRAR Bt ey AP Briot art may
wéllp Ps’%[s@%ﬂé&adﬁﬂﬁ Irﬁva'ﬁ@s\/&uﬁﬁl @cWBest Gﬁiwe%ﬁ Wh@ﬁdﬁ!ﬂ?%ﬁ&ﬁﬂﬁgtﬁbres have
does 10 not Br ovi de adequate resistance to

begpfeuide offes litledo ng r@shséam:p pahgtvgsy sgnificans dengitudimal end forces

hydr os tt%%f,tﬁspr essure. A generally cylindrical
gappara Such as would typically be enployed,

havi Tige ﬁbﬂeh ghidalifexend delicatly eles thd pstaajse qireféﬁbly extending at
stresses in several directions. First, as would

be
aneaqeceidanm Ry diod®X 4t the Ignesydinebaxas naore Broferably fram 45°t0 60°. Tna
pﬁHéJl%%g}IgﬂeFﬁn%d Ao {#ﬁfn thd! (ﬁ Héus%c%‘fﬁ\}irﬁgs ?hgﬂggﬁggf aYers of

crus tten struc ure
fitvgdeinsdra¢d matrix, the fibres in adjacent layers extending in opposing directions.

This may be represented by considering the fibre or fibres in one layer to extend at an
angle of x° to the longitudinal axis and the fibre or fibres in an adjacent layer to extend at
an angle of 360-x° to the longitudinal axis. The angle x is preferably in the range of from
45° to 65°, more preferably from 50° to 60°. In an optimum arrangement of strength and
ease of manufacture, the fibres in adjacent layers extend at about + and — 55° to the
longitudinal axis.

Preferably both the inner and the outer housing comprise a fibre-reinforced matrix

as hereinbefore described.
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15 pressure acts on the ends of the apparatus in a
generally longitudinal direction, tending to shorten

wW@eo0tozeseerti na" the structure. The radially er€CEOB209/004191

fibres of the prior art my well resist the radially

i nwards acting forces. However, the radially extending
fibres have been found to ofBer little to no

resi stance to the very significant |ongitudinal end

f or c&ke cgimeo et Wrsain tHe fbtesteind@rcdhmatrixis psefenaplycatebiy, for

AR PR o Tosi RGP Topins | B RS gt fres,carbon fbres or
n}l@rﬂﬁbie@dl nal axis, nore preferably from45to 60 . In a
particul arly preferred enbodi nent, the said housing
Cco nphl %b@n@mgmta Iof thy apparkiaig ef thegireschi ipvention] apmtentiste layer may

St B B B SR ABEShB HRG ve ve

seERRIb PRfveMthé heudindiRon®beihy BARSeddHUSIAL tlaAdRt 4rd &?Io@rﬁ@nt The
at an 25 angle of x to the |ongitudinal axis and

profastise yernrpleebly epraprisgslp shasktabsahent layst.srelensda fam, é«w example
t
a %ﬁc 02 dqu aﬁloh%ﬁtgﬁl%rﬁé%@lgﬁloﬁf::Bg&%ecﬂﬁ)gﬁ%yer[g%fgrnglp compnses a

rigid et ddyley, ftf)lf exandple & Dtyﬁ(bf fibe-oinfopdet PHluRtia bf MREGE RGN addteel or
strength and ease of manufacture, the fibres in

alalalfrae@n it rna%rrsla.‘é%wé mstalis epplayed: itdheonvenisnt tg hape the metal in the
olrrﬁ fer@fﬁ xte’ﬁgl rh%fl@é[l un*a%Q oﬁt??sdrﬁgg bf @%%Qparatus
e out r ousl ise a f| re-rernforce
as h"é]n&eapplamftwma;dmnpm%@nht tﬁ/ﬂl&%ﬂgspﬂﬁﬁﬁé’r housing and an outer
PCT/ /00419 The yous phase _in the
AT e e A R e yuher dopHng gy be provided,
T
o5 5L oS YA SR R S, AL By
providad withirbocth wevitiss asfherdie degophedt us of the present

i nv tron 0 tive | aye 5 be provided.,t

ot ool 3R hore R S e S nB AERdsposed
withi tRS Rl bf theliANE 'houﬁﬁg 8o Ql'i\ﬁ&@fhte 1ﬁﬂ3ﬁopﬁ%b°-'hﬂ9§r more

from bei ngadamage during transport and depl oynment

COIlmrtnmnb?t eiigeer haysing magbe ferbiegd fm@n’pw h@gm phitets, comected
o nt ?ﬁntielsffgéﬂlof chnsg'nﬁtgqsgle]s 81%13@0 % gt}ulllgl? eferably disposed to

cd‘ﬂﬁ@deﬁ@ﬁh W jbRy &f theiefee heding. amRdiSE SordiltefdaBlély OAb@khead may
| ayer, for exanple a Ia¥gr of fibre-reinforced plastic

beof%lsnﬁé@%rt th%uelﬁtl%ogqr@érr th ingerdioypingicodn andithe imnguheysing body.

Tl{reﬂﬁéﬁlghegﬁ ﬂ;&rﬁ%ﬁe{rq’? j ar?&[%ng ¥l$c% thﬁt 1n tﬁe g%&féﬁg %, g%# );1{ ﬁlel]f?ﬁ/c%on, water

isexised b ergertit irga@lidriof seunet h‘tohang HﬁcErA&iJlﬂéffeﬁé@fdiﬁl dfftRilkhead is a
ap Ear at us. The ap Par atus nmay conprise

COH @ph@gkhe&ﬁ Witk 8 sULHREsS |swal tg@fdhgﬁre@@qlép%ﬁless between the bulkhead

and the inner housing is kept a minimum. Compliancy in the bulkhead may be provided

by varying the thickness of the bulkhead, or by providing the bulkhead with appropriately
sized apertures.

The apparatus provided by the various aspects of the present invention finds use in
providing buoyancy to underwater installations and structures, such as arches, risers,
pipelines, cables, control lines and the like. As noted, the apparatus is particularly
advantageous when used in such applications. In addition, the apparatus of the various

aspects of the present invention may be used to house equipment at underwater locations,
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housing. It will however be appreciated that a third
and further housing may be provided, each further
whomgiozsgoref i ning a cavity with the adj acent hPCEGBN03/004191
Structural fillers may be 15 provided within such
cavities as herein described. In one enbodi nent, the
appar at us conprises one or nm# e bul kheads di sposed
within the interior of the inner housing, serving to
tngh ptoeetind e leGtiipriedt fromtthe fnwerwatenaivronmeinp aiiempparatus is
The i nner housing may be formed from two housing
pagisiiaryisefut B hetieg eqtbpman’q sepsiive tofhygypstatie @F??FIHP or to exposure
to GRS HUGH b%rhéjgé s&fgﬁlt ﬁﬁHL Qrfbr?n BE@ RS RRkMons of
I'Sp osed COInC |nt I n the 1 nner
prhﬂdﬁngl‘bgoydnny aﬁidihdsUSmg s1mu1taiebeslnat |Imalfyrtha abjrck leapresay
. be di sposed at junction of one bot i nner
1nYﬁ5U§Pﬁ5°Vé4e?é S R ah ARRST S féaagf’“ 5, 80 ERARFTEG T
lo a‘ﬁo% &f &é\ﬁa@&’ rBshANBRG RYER dERBbed bbbvehen 8 i8ftten®odAnent, a
e Junctlon water 1s caused to enter the
métho@isippovidéd ¢doeprismger housi ng end. A preferred form of
bulﬁhead is.a conpliant bul khead, with a stiffness
suc'OFﬁQﬁaHFm¥%F ial stiffness between the bul khead
aa%gl Hnass tﬁwﬁemrﬂa@e k@R irkeriRiln@ Conpl i ancy
|n t bul khead rovided by varying the
t hi cllerneing apfoutel ehﬁiﬁark itie owter pyriase of fhioete mhtsrial

L

m&h&S. eAtpréfBM@cD EdBodifneAtisas WisEinhér shell Gathbid Febnb Gibyeaureinfotced
underwater installations and structures, such

as
mafedlesichras e @plymeovith flameansdheingpensl onde Amarreli Fhginner shell

oG08, S B G BRRET 42 Ay B i wouns

at @gkkabhie®? diﬂfcﬁ@n@ﬁ@&ﬁ atdiGri@ftatione irv adjhc@uslayas p&cinanyptast)ét will be
present invention be used to %guse equi pnent at
negeRgaER A £die th%@&mlﬁ mW?B sonreys8892 PCT/ GB2003/ 004191

9 thug Ee‘ftlseﬁ#;%l@@ td {111@ oﬁg:y LRERRGs Eﬂeqmlérréﬁe ”H%&\%E@r& the filler

enV|ronnent paratus is particularly useful
1nhph§bmgwéquﬁmmmnissémsgﬁmemmnmehydﬁma$aﬁamnpbks$Mcaverhe

to . exposure to wat It will. b nder st ood. t hat
g Ak WSO DRFHER HemsiAsRAY nding THELTHG Gibie rasalsmgf?glayef or,
lelé Qfgﬂlﬁlﬁﬂq%\?@{ﬁhﬁ OasS] dUkS SNEOYSHE Yayeld Thelfilld Rk be a structural

ect, the esent’ 5 1 nvention prOV|des nmet hods " of
sppa:eefuane ggprm‘ma itlar, atlQ]BanadIoan@mh;i pmguarbﬁdeﬁﬂiérmqbreah crhannels

| ocat i f el ev ressure, S SC
begBipuaich P l-Rears oF Angs Rt tiots. MErlielel A6 fayeS sheet
p IR drSiaf@al H1RF HaRGial @ubmﬁkﬁfals%h%dd, KPRt BRibadifieht @hploys

to the outer surface of the inner shell; and
foam filler. If a foam filler is used, this may be applied to the outer surface of the inner

shell as one or more liquid components and allowed to expand upon the surface. The filler
may be cured if necessary.

Should an adhesive or filler be employed that requires curing at elevated
temperatures, the outer surface of the inner shell may advantageously be protected by a
heat retardant material, applied in sufficient thickness and amount to prevent damage to
the inner shell at the peak curing temperature. Suitable heat retardant materials include

ceramic paper or tape, which may be applied in strips or sheets to the outer surface of the
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10 formng an outer shell around the outer surface of
the core material. The inner shell may be forned from

w@noo4m2889mbl e material and by any suitable nepdiDdB2083/004191

preferred enbodi nent has the inner shell formed from
fibre-reinforced material, such as a polyner, wth
filaments being wound onto alfandrel. The inner shel
may be formed by winding filanents in successive
inherysbel., Allietrativély, the heateeiarsdattanatgrivlonmyobel®plied by eeganed
or .different angles and orientations in adjacent
's. In many cases, it will be necessary to cure
t he RS @hbadhsll ity entobdpets, HaBlossd@lel1: ATﬂéﬁlaﬁivél:y,eﬂhe ligner shell
applied to the outer surface of the inner shell. If
mAReeIRATOAD ke honsingbodsherna pratipabiinper hoysing jpody. The inner

surface. for .exanpl e by .reans. of sui tabl dhesi ve.
e 358 ok Do AP ot E6 A5 e Pt A BaBEATR Y, 1o et

af artdn@EmBRY taLoraRPleiiftkr 8Bl R 45¢ Riglied RY@Herab pra}@dé®Eamplete
preferably in |arger units, as a series of discrete

erckaped shellrprehras iy wefuinetyingbe aproratucastiessinbedprs desaribate
geo Bhd &n%t?xf dhlstl By ﬁﬁlﬁé{&}fa %ﬂ&é’bﬁ@ﬁl%a%sf gg{ i _%gééfg%‘gl’y formed by

iller erl al, eans, suc
winding flaments siitouhe botes surfce ef thatfillegty forirhe fibielde@tforay
filler material .. su

coggtrgﬁfogg %%ﬁfs@g{yx{ﬁfw?% éﬂﬁﬁ%%m SUEFRSPIESY Wlpélaaqa%rfuraﬁty of
se%%tlateﬁlﬁyeré b RlabRAHY fTnk loﬁfetr hﬁelHﬁ be &Hgéﬁe ?6021?1%%@! fg‘rﬁgcessary.

e’ outer surface o e inner 25's
nor elnl d fiyuthel endplom et 8 mathdd aif poepedng an exeeates fopprovidieg an
surface. The filler _maybe cured.]f necessary,., Shoul d
criafpsuih B docrory O ais TSdie it BpSifelabioh S LB
at efsem inh@¥Rar.atures, the outer surface of the

inner shell may advantageously be protected by a heat
r et afodmintg amectudsrishél]; applied in sufficient thickness

d t.t t d t0,.30.the, i hel | , at .
the IGERIEhe s el Sapcariicaly alinpiaihe Sufer 5ot dhesitypfining 2
caVBRl Bbtwaks thaighdtdad oGRE SIEIE; ArPer or tape, which may be
applied in strips or sheets to the outer surface of

t he fibngdloraoip8ath AHgirGB2003/ 004191 10 inner shel | .
Al t elflgegitnlg\e/rea{n\é’ou&l?”%]?giﬁ%ayr i I%{'nq. d}ﬁgn%ﬁrsﬁﬁéq%g%te%%ba%deby any

appl y Teans” 6f  spriayi ng. er s

sudtable MdtBd & witdlCh ap Belths Reik or diffetdnn.aii prefeyted EBodiRiaE has one or
nprise_an inner housing body or a portion
Y

shell may co 19 .
bash oftheiinpss and outsr hellfomed from fbgresiniorase Gaateriployely avs polymer,

. i . .
T
wiildélg flamests iesutcesileilayess, tth the fipmoenistheiss wourpl #ttke same or
digfgf%g;é?%gﬁénégégigégﬁger{t ?gy%lrsr. ehq rﬂa%ytcgfesﬁ? %?ﬁ E: lrjlgcessary to

cure the materials forming the shell or shells formed in this way.

The filler may be formed from any of the materials mentioned hereinbefore.
However, for ease of construction, it is preferred to employ a filler that is a substantially
void-free material or foamed material. If a foamed material is employed, the material may
be introduced into the cavity as one or more liquid components and allowed to foam and
expand to fill the cavity. Suitable materials for use as the filler in this preferred

embodiment include polymers and foamed metals.
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The outer shell may be forned by any suitabl e neans,
but is preferably formed by w nding filanments onto
wao bh@4o288¢2 surface of the filler, to forma  PCT/GB2003/004191
fibre-reinforced 10 construction. Preferably, the
outer shell is forned by successwely wi ndi ng a
plurality of separate Iayer§ of filanments. The outer
shell may be cured after conpletion, if necessary.
a f umtthary astsotherfdler wilkregeirh ouring afrﬁretdms ibaen mtroduced mto the

cR MG Tl sr e PE PRITHELS okt ok B by B er

mhRfiRl \ﬂmealm cliRE 8F se‘ésh ettlis witbcdueé fHetemperatidd 6f ths Mgt and the inner
| ocating the inner shell concentricall {p within the

anslauaer shelld to ingrpasee By pﬁréﬁqtﬁhm@ngr andapyiopfer peallvien oxpessive
te#n:BFfaéuert%iﬁPn ttﬁ% estrsalég |1A the n?égfgoc{g %@%ﬁ%{/&%ﬁﬁﬁ? !rltaﬁ/mggr ‘BQ oﬁqhed to

oramt both fxhe gmePéiefaca bf e dutey skdllyor tH@o@tldr surbice offitiehtxtbr shell.
ch may be the sane or different. referred

Tl@frﬂmaarqﬁ%ﬁ@nt iepgerish ehqild beapriiedfin ﬁwfécaeﬁh kg 2 Egjount to protect
S g%%h%{vfysﬁ%ijgﬁﬁaf% DLemE @Eéﬁ&{ {2 4cHBLEALAYF (8 ¥H0r Buifible heat

elrn onto a
refandans iaterialedre a@diis&b&ldll&reﬂﬂ}efd&e fornmed by wi nding

fllament5| cessive, | ayers th the filanents
bei ngHBLRRE hgf HFH%H% 1 Qg outey; sw!i tcmalﬁgﬁf‘e%ﬁ%wg body or a
p(ﬁfl 1F3 B{)@flblﬁfﬁg b a%@ﬁ@ﬁgmé By ot goh%ﬂ@@%oﬁﬁﬁ?ﬁavé Jhousmg end

e necessa y to 25 cure"the materials formng t
attsahbéd tharretcs hielsheh aimatnmxgemnntt hysommgre shibl poitiohe arerxaqﬁnmd in order

BB EPRRITE Chefiet Rl T % BRaDTe AT FRAGH 7S Hepeinbefore

ddssritdgeferred to enploy a filler that is a

substantially void-free material or foanmed nmaterial.

| f aAffudimrdsprst ef tha prasentemysintige grovides arthnr(émediodrfalypremrmg an

ced into the,cavi.t u

oS e s PSR Yo Rt e bt bemsthod
c(;nli}ﬁjs@@é\nty Suitable materials for use as the filler

in this preferred enbodi nent include polyners and

f oanidEmingam| ignerwrpli004/ 028892 PCT/ GB2003/ 004191 11 In

rrany ng after it

?Pi%ﬁgg atf t}l%ﬁtgé%%&ﬁ% ortaﬁeegfe@g\llﬁ%fl.%{:{ﬂh such cases,

|t nﬁmhﬁga@[dﬁﬁfh‘eﬁﬂl,l c to renove the heat generated by
the filler material while it cures or sets. This wll

causkeating theerseshellifoccagte pansion peine gRr el i nner  and
out ef,, a?tlg t}@ i@ SHARTRE TR a éo-lp—ge(ﬁ) fiﬁéle&tncérﬁﬁcdlf:y% hift cﬂfter shell;
uring t

outer sh FPSh excessi v t enperatures
arglt age in the nmethod, a heat retardant material may be

appl i to . .
PP al?owing the outer shell to cool so as to mechanically engage the filler in an

interference fit.

The inner and outer shells may be formed from any suitable material and by any
suitable method, which may be the same or different. A preferred embodiment has the
inner shell formed from fibre-reinforced material, such as a polymer, with filaments being
wound onto a mandrel. The shell may be formed by winding filaments in successive
layers, with the filaments being wound at the same or different angles and orientations in
adjacent layers. In many cases, it will be necessary to cure the materials forming the shell

formed in this way.
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one or both of the inner surface of the outer shell or
the outer surface of the inner shell. The heat
wOo edoaoekeet material shoul d be applied in suffikPCEGB2003/004191
thi ckness and anobunt to protect the respective shel
from damage at the peak curlng tenperature of the
filler. Suitable heat retardant materials are as
di scl osed herei nbefore. 10 One or both of the inner
shel Thaooutenshell isfoehed fram mﬁpﬁabé@n@tdd@h@ah@dﬂdwuﬁﬁci@t

ort.ion of, a.housing bod e housi ng hod or.tion
B RERE PP Ry B B B e e oot SitT SEhe Pl B Bner,
upoRGd o By, AT BRIREHells b aticullyesughialk, wilR kbl SlBhi@ium being
required in order to provide a conplete enclosed

prefestell magerths efscongiryctiqnifordhie pwet shellappar at us as
her ehn beft())ortﬁ o{ %%%ﬁl{er ?ﬁeq} or]tﬁlté% ngl; gﬂﬁe?‘%§§§§ % p&fsﬂght?ody ora

pres I nventi on provi des a t

pRtieP af 4 Relisaiy bodpp dhahussih®bodyra\pottiohghaeoLinal Bsw £hduling end
| ocati ons of elevated pressure, the nethod,

attaghgst thereiny ﬁB?th@T%emﬁ%W%WPm shplhPgitiegs arefrpqyitsd in order
oot sl 58 01 K1 AP SanBf e B8 Aibetr
dezifitsads ilnbnOémbbdEmeut, ene shisdth of theatnangnd betet siredls celnptibes a

andthea lied.filler con rlcaII w.thin the outer
haugimg bo a hoysing el thedn SR RrRps R Rk aecsgnd

hc]ﬂig n@%ﬂﬁ ¢Hor gt [A%efﬂa'tljvﬁp ffd ﬁ@h 113‘1%r bt/ 6F §REQRESs can be

e Inner and outer shelfs may be fornmed from any
attahddads Itleelrmiearemdd; talﬁmhrb@n anciosed shiellathh en aké¢rhaiive smhasliment, one

ol b 5 oo 0 AL rent. o Pt eh e ST FE b o

hdiRi@ldn@s., such as a polymer, with filaments being
wound onto a mandrel. The shell may be forned b
vv@ norl‘lmgﬁlﬂf'prllan}mim t¢ thegwitas sudaope{3ge lma9reqh§11 Wi epessarg, the filler

L B B P g DTS SR RS o

adh%sﬂ% lif u&ﬁ ﬁgﬁB@ ey iflRcéirg. tThe fillei Say BE §pﬂlﬁaﬂrﬂs ﬁ@lﬂg‘l@layer or,
formed in this way. WD 2004/ 028892

mm@@MM@@m@ﬂsm aryeaicy of dipcrstedayers. sThedllias anayrhsr structural
[

sp%g% %‘%ﬁ% gg&h&g%%ﬁf sﬁ!:h :sshaaﬁonggs{bn?d %8@%&&{ ﬁféﬁjr%}elateré%lachannels

beafigagriBe I[—lerhiJ ok hfbullam Refistsbedis, Alternatlvely, the filler may be a sheet

polymer or natural filler material, such as balsa wood. A further embodiment employs
foam filler. If a foam filler is used, this may be applied to the outer surface of the inner
shell as one or more liquid components and allowed to expand upon the surface. The filler
may be cured if necessary.

Should an adhesive or filler be employed that requires curing at elevated
temperatures, the outer surface of the inner shell may advantageously be protected by a
heat retardant material, applied in sufficient thickness and amount to prevent damage to
the inner shell at the peak curing temperature. Suitable heat retardant materials include
ceramic paper or tape, which may be applied in strips or sheets to the outer surface of the

inner shell. Alternatively, the heat retardant material may be applied by means of

spraying.
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upon cooling. Metal outer shells are particularly
suitable, with steel or alum niumbeing preferred
woraioe2sshs of construction for the outer shel | PCBEGBR®3/004191
or both of the inner shell or outer shell may conprise
a housing body or a portion of a housing body. The
housi ng body or portion therddf may have a housing end
attached thereto. In such an arrangenent, two or nore
shelHeg mnﬂdmmgnaeﬂals amtyiatsed)eiapphﬁdjterthe owepsunface ef the filler, in

oréﬁtggpg({t%g t]ées ﬁ%ﬁf&qﬂ fgd%g}gg é]i?qsﬂogﬁen ﬁ%w ! %d 'and %ntel the outer
sh%ﬁ’ﬁQQéJB@éEand%ﬁtr%techﬁtB gf sfike inner and outer shells
conprises a 10 housing body and a housing end, the
met hod further conpr|3|ng attachlng a second housing
end |y, two such
e it splRgr i grpisRlanERaL iefidicatie SRR pa potymer-
bREEPFroBIS sublPad @ERhAML. encl osed shel . In an
al ternative enbodi nent, one or both of the inner and

out éFhesfilédr) ence anpliestte the owerryufsrmef thedper shellhpictequireits outer

d t WO hou5|n ends.
iR FR AR PR RO ol iR bl s AR QB shen. The
oft@&lidrhétbesf therBfledxdobldsdaargbOthbh ﬂleCiﬁlﬁéi‘rdlﬁnld‘t&&ﬁ'Qhe b@er shell by an
exanpl e by neans of a suitabl e adhesive.

ara@mégmf@élent o pyewde theggqueedapiediarenge ﬁ@@é@@eﬂwe fillgpand the outer
she ;l"ﬁfs a{c;lfcbétrlt?&lt ?rpasrlﬂe%qaﬁs ){0? ’e%aﬂsﬁglg ﬁX&ﬁmﬁ% ’tlacl igﬁgérrgotnge it is in

unf erres o
pwayﬁﬂ3ms6Medflller may be a structural space frame

geonetric filler, such as a honeyconb, rr t ed
P11 I 'Ehe orlershelhls Heaiedpmer © haynasias per shinlinddiier gssriad. The

t |
effdct &%tﬂé‘ 192[‘[1'%1%%]1% crxg%ﬁ(#m %%g}ﬁﬁ%?{l Pﬁa%éb}jﬁh%’ {gt‘ti Jrhl ler. The
msﬂﬂnlnl cEf$oimhlsaom\nﬁﬁhe oAtefr siidlheil]l detdroinatha ttempqvhtngsto Wh]eim't
If a foamfill this maybe applied

ShPBidtbr?eheaﬁﬁflé‘Pd s PRES I totblr‘?élcﬁlﬁed shel | as one or

mor eyrlibGiédro® Qﬁﬂlﬁ&%ﬂtsﬁe | B bavedell %a%fmdé’cpmhé B8ler by a
surface. The fil maybe cured if necessary.

suBhlla ladhesivea dﬁ@guw@d dlre 4dhksive mpg be pyyedy édletahmﬁard@q Udyensuch as

b el el habe SRR L gRauer sie Sl g i order
toR@kctitRd @ﬁt&almusiﬁgtd%hhgkhe @RRk i0€ thel dAnSIN. | Ci ent
thi ckness and anount revent damage to the inner

shel Theappatieispenkaras pw@eon@mpraamh@em@fprea@s@nwaapphed fo its
ol gﬁdﬁg;T rlrsﬁ}senrloﬁ"il cgm}err]ﬁ:enﬁy r%)pl‘fe%ro%gé ﬁlegaﬁgael%%lgtﬁ-jﬁ% Q%Sltcé)PSthted'

e appliredTn's ps or

H&Né\feﬁl GEpeiferbbie asdifl theBlethel if bonsﬁ*ubt@drﬂﬂldvﬁ&?‘ch}é prétaetivedayer may
retardant materi al ébe appl i ed by neans

besappligd tthe pigep slaco 28 Wh@@meymmmmorfﬁon with the filler

and inner shell.

A further aspect of the present invention concerns a method of deploying a
buoyancy apparatus, for example the form of apparatus as hereinbefore described. The
known method of deploying a buoyancy apparatus requires that the apparatus has one or
more inner cavities filled with a ballast in an appropriate amount to provide the required
level of buoyancy. For the deployment, this may be neutral buoyancy or negative
buoyancy. The ballast is conventionally water. Once in place, the ballast is forced from

the apparatus by the application of pressure, typically using compressed air. To provide
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Heat retardant materials may al so be applied to the
outer surface of the filler, in order to protect the
w0 dose28892 om t he heated outer shell when firstrPEppBr@d/004191
and until the outer shell has cool ed and contracted
onto the filler. 5 Exanpl es of suitable heat retardant
materials include ceram c tagds and pol yner- based
products, such as nelanmine. The filler, once applied
thIsQ:ohﬂﬂes@ddI &, asiohdpa@eorahay heermplogsd foh dbﬂlojffﬁyntrae shlloer depths.
its outer dianeter to be adj usted, in ?rder to

Hewevessihyibibe apnrerdated Hist tooﬁog‘r?éh%balwt QU o1 Bigrappatgfyis rpquires that

thgﬁgdrogﬁﬁgﬁrﬁ‘?ée T |tg§1%%?§rﬂ§lt fd#th %E tole%‘ag‘lklg FAE gl’e%feg %E%ths it is
ingorautichl te wité & compiesdon apd oatitaiaers o corepuessed diri an¢ stdinedemntie

fit betvvee the filler the outer heII Thi )
enpRlpyRsk et P#ﬁ@,b%pmafd@eg ot s foeprogige feripnS RS cpppgressed air

atlo #SH%ISR&C& fited sPrubRireshr %é%eﬁ nd b%ﬁﬁn@éﬁv%ﬂrenfr ﬁfa Ismérﬁfauy

eate prior to having the inner shel _
hazitdoas. Angkematiie Mitibod &frfdeploying buhyganiey appangus & thcrefore required.

i bt L e asped AT Bt PraTo BBt i prpvided a
mEHbebf 8R4 inh bloyak dﬁﬁﬁﬁafh@ust AentaRehLAL Wc@tlblﬁ’v%ﬂe%o%yincy is

shoul d be "heat ed "and the expansion to be achi eved

reqeisdd; sdiichfappatativibas aflaid- tht@n@twap@bie op agceommaeriating gaiguid, the
tglg nded .to the filler by a suitable adhesive. If
MPRELCY8RSP#re adhesi ve may be cured. A heat retardant

| ay etﬁa11a§tu@hha§ppamﬁ§bﬁﬂnfn%rﬂ@e fleidcdal e thith mEitaed R dxesht
to the i nner surface e outer housing, 1n order

nepgssery tppeavads the lepprepcide leysLief tigyeisyi ng t he curing of

t he e]?()f%ﬁf"o%l Sthe Zﬁgga:%gs?gtr tgée sl ?c%ﬁ%&?‘éﬁd a protective

rel lied to its
out ewithdtaWagehe Titphid fisn theSluidtghtasaivent | y appl i ed once
t he apparat us has been constructed. }—gwever i f
pr ef Bhepllastdiouid s withdrayss wmeans ofspdiced Bresyie g1 # Badial vacuum.

Tlrng rb%tpgé‘\fl{i%: X y Y&l orsfﬁéﬁlﬁ%p : |H% rﬂlﬁgn hRvidG i £Eylinder. In

out er to Its incorporation
or‘delttb nhdistafni the deball2Gimgrapparatsat s hedctical sizeythe hignidas pedirably

he resent. i nvent io Concern
87 PR GEneeioH SBOMABY SIS FaprecAing PR IR e ol Gprprising:

Of %B%Iﬁ'&fﬂ of ﬂt% &5 P EEP iR H8R 56 HRRiquld Eond¥Re Wid- tl%ht cavity
met hod of deploying a buoyancy apparatus requires tha

intcdihe aploalest us has one or nore inner cavities filled

FequERRGs Of s B nE ALy <. Rt Bpniect 1uia fom

the fayﬁnd@vo DR cHEH stBér thapBTRYA-5ninadiaf.i ve  buoyancy.
bal | ast is conventionally water. Once in place,

t h e Blad badkstingsliduid tsadost comventendy sigear Ahisplloys tthﬁeballast water to
bea$ Ec;teqcrgltt%ﬁag\ﬁl&lég{r&gn% ldvrl{‘ahou{ é/Ithr%%}nleXtaP&{nQa%e SPARLESSE d

The present invention in a further aspect provides a system for deballasting a
buoyancy apparatus, which apparatus has a fluid-tight cavity containing a liquid, the
system comprising:

a cylinder;

a piston arranged for reciprocal movement within the cylinder;

a line for connection to the fluid-tight cavity of the apparatus;
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WD 2004/ 028892 PCT/ GB2003/ 004191 14 this conpressed
air, a conpressor may be enpl oyed for depl oynent at
wGb@iiozsgorept hs. However, it will be appreci ap€rdGBh@B/004191
to force the ballast out of the apparatus requires
that the hydrostatic pressure at the depl oynent depth
be overcone. At greater deptH8, it is inpractical to
use a conpressor and contai ners of conpressed air are
r et a fistinamettrmeapicayloding the ol ofdlsdfrbm the pawetyiiatogte cylinder;
that the need to provide containers of conpressed air
angdi of f shore sites on fixed structures or vessels, is
bot Iy, iRGANNGENIRRh vaRd Rk ERthéhb¥ o fRIRHERUEe cfithder. |
alternative nmethod for deployi ng buoyancy apparatus is
t her Bieorydindergpistoaddrivicadridsirapdtsecandimonfretntthealvesspasche housed
of , the present invention,.there s .provided met hod
toghesdsy EPREF Srm s dphuieas tie Pnd of i Paiste Bbvancy
appRfafdsl Ahe\WsEoRt HHRHARE T dxdmplda §186UhAESk peMtiaiishtly moored
apparatus has a flui d-ti ght cavity capab}l)e of
adjasenirthe denlpyryl appitatpgi dyltertaéivelypthh gepnosigdricticngay be deployed

bal | asti n e apparatus.by filling the flLuid: it
PRl bl BRI P buoik B, TR R okl e
refHORED R ud Elsévituet. Dhe Hressndfit¥ntidaOslidwsahé BGtdnli® be provided in a

apparatus at the said location; and 15 w t hdraw ng

commact it capableorh biekie meYadgpesiiyned @ad ppgrated vy agmpiedy operated

b QUHS W thdrawn by nmeans of reduced pressure or a
V%g?%{fgﬁw?iacuum This may be provided by neans of a

I ecilpraqeafetvd epbsdiarentytivesistoh ihoperableyydradeally.l The system
order to mai ntai.n the deball as%i ng a&ﬁ

- at :
PrpfeERblY eppases 8 drive £r thqRisign; S1ch pgf by Pﬁ@cadl{fo?et- %ﬁ;‘? gwirablgﬁ
oo e B b SR O Bk B s 3oy ap ROV
inafirst direction to draw liquid fromthe

fluid-tight cavity int the.%li er; nmovenent of the
piston in a second di SSHE first, to

ej eCtmbbdHefts Jr B predft ﬁl)(/laﬁt%e&illtribvﬁllaé QSRR bP Wﬂtgro_f example

than the fluid-tight cavity. The ballasting liquid is

onipdavingneferdnetd the aedospanding figates.ongvhitte bal | ast wat er

to 5 be ejected into t.he environnent w thaut

v i MG A RIS A B VG oA WP L EE AT TRy B REPYRCY i
urlefWHibNBEatREP BSJordNOW ERSenthoditaéE B fiRpreeBainkasidnng a

buoyancy apparat us, which apparatus has a fluid-tight

cavi Figuieghis aicresagedionplovied of g pertiosyedthaingergmdi sitardrouging of a

firsy. érirlgcg(ﬁrﬁlént of the apparatus of the general design of Figure 1;

Figure 3 is a cross-sectional view of a portion of the inner and outer housing of a
second embodiment of the apparatus of the general design of Figure 1;

Figure 4 is a cross-sectional view of a portion of the inner and outer housing of a
third embodiment of the apparatus of the general design of Figure 1;

Figure 5 is a cross-sectional view of a portion of the inner and outer housing of a
fourth embodiment of the apparatﬁs of the general design of Figure 1;

Figure 6a is a cross-sectional view of an apparatus of the general design of Figure 1
showing a first design of bulkhead within the apparatus;

Figure 6b is a cross-sectional view of an apparatus of the general design of Figure 1

showing a second design of bulkhead within the apparatus;



30 a piston arranged for reciprocal novenent within
the cylinder; a line for connection to the

wo bard288pght cavity of the apparatus; WO 2004/ B2BB82003/004191
PCT/ GB2003/ 004191 15 a first non-return val ve
allowing the flow of fluid fromthe cavity into the
cylinder; and a second non- r urn val ve all owi ng the
flow of fluid fromthe cylinder. The cylinder, piston,
dr i vEBigared’ 4 is eschamaticosisotation ofia pertion of e shelbsf aneappbetus to

- t oget.ner .on nmobil e s rt. structure for
SR8 il AR Py PR Oret ey VB s yaney
apparguts7b ERechsRRR drichtatids bBA Bortfolof @%BEIPb LarPappétailus to
be permanently noored adjacent the depl oye

m
ilblé%%tﬁ asecond Arieatatian pirsinforcingdibyopiwcshe skalk uct ure may be

depl g t I | I pl nt. of e
ooy AL S ST el AR 0SS BBl o g
desim @Hgwb ertavinhefinsr @steriimemoEatpreBetdlel 1, t he system
to be provided in a 10 conpact unit, capable of being
mov eti8UsoR 18 asHRs-seFPnahurE¥ 08 @ PEYHOR of @rpRtptus 9E thegsgeral
' : ' . pi ston
R SRl i e AL R S B TR e 1hRELEL
conpFigeesdads distheandtiorilltsuatiph of anappatatis shell dutiyg saembly

T T
Bri efijoRRssl is Rlst e iflﬁ'ﬁra%ﬁ%Q&?ellﬁﬁ%ﬁeﬁgiagﬁilﬁb\?\%g&gﬁlﬁg toa

present invention wll now be descri
seestachgriieodinnehtyof thewniethgd o tensémctéor, 0 t he acconpanyi ng
figures, {n which: Figure 1 i.s a cross-sectional view
of ~aRERIS ISR SO S USPALEY 963 BOBPRRES RmedHgusing end of an
appﬁfb@dsvﬁttﬁégér@%ﬁﬁbﬁg’rﬁoﬂcig@{eql;ng to one enbodi ment of

the present invention; Figure 2 is a cross-sectional

vi ewighreal Qgs pietspeasive tviaw phaneapparatisdor debalesiigragbuof/arcy
afiarra S_en‘oodi ment of the apparatus of the general

PHEs) gh of Figure 1; Figure 3 is a cross-sectional view

of aF igﬂlret l1aAs @perkptivOnRiy G 20tiklu@dte MR fdtCr@brvater deployment
second enbodi ment of the apparatus of the general

COEEISHIE DPUIYRRRY WPAAMBE Figure 4 is a cross-sectional
. . ; _ : . ;
;’h?ﬁg{érﬁgggﬁéé h?lg%%ftltv% Oﬁvd mesre{:&{lfja ylilgtred Q.t%'ﬁsf‘orn fﬂ’nd)erwgter

e apparatus o € genera
depsingpnt odmpriigng & bloyahewappardbug; S a cross-sectional view

of %iggrret 1i18 ri1s g {)ertsrt)]e%tiivg Qi%\rv oafg% al(?tli'lctu?artec{1 t?'llilsssi a?c f%]; ugderwater
deployment;
Figure 11d is a perspective view of an arch for underwater deployment comprising
buoyancy apparatus;
Figure 11e is a perspective view of a lay-over arch for underwater deployment; and

Figure 11fis a perspective view of a tied-in arch.

Detailed Description of the Invention

Referring to Figure 1, one embodiment of an apparatus for providing buoyancy at
underwater locations according to the present invention in the form of a buoyancy module

is shown and generally represented as 2. The module 2 comprises an inner shell, generally
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fourth enbodi nent of the apparatus of the general
design of Figure 1; Figure 6a is a cross-sectional
WO 2@wozss9an apparatus of the general design of PEI/GBR@3/004191
30 showing a first design of bul khead within the
apparatus; Figure 6b is a cross-sectional view of an
appar atus of the general desilgn of Figure 1 showi ng a
second desi gn of bul khead within the apparatus; WO
ind®awd 02 48eRl ROtGBRE 3tRoallyandicdted B g uAebupyaney cavity 8 is formed

tic ent ati on. of orti shel] of an
PR er 50 % hof B irebedoftee i o sheetipfest
rei nTRs MinBSkshkll Wc%‘ﬁlﬁrﬁeé D gerehlycylifdritdl ﬁmzlbhdu%lr% 12 closed at each
schematic orientation of a portion of a shell

nﬁdpamﬂam@ hogsinglend $4 pad &6.aSkwaibolydthe outen shall @ nompnses a generally

rcin f| br n e 8a |
e PRALA oI HoldiRd T chibed AEead Ehd by iy oSy & 0B apg 22.
t he . genal anddﬁmrgnelm fmidosHie showait Pigusd I id1Sding generally
embodi ment of a protective layer; Figure 8b is a

cydingygals Slopey et Willdw uelerstopg that eFhen forms thassaslasambestyancy

f.\,ﬂ:g a%e %1? X asa{sgglpg{ }%a'\:/ n%LH %ﬁénﬁwﬁ%regn %C%g ends of both the

ingehaidatute holiditig tifeahb®n iI0Figare hggtsding dem&d e]lt Iwﬂai bé luﬁ@erstood that
assenbl %F 10 according to a first, enmhodinent of th

othei IS B thords rtrctlpoppssiplguihe dspisn of thedimsingiends will depend
uﬂd ek fa@?ﬁs@%s @b n?anﬁ?reef{ coﬂé’cfdcﬁgla lefﬁfew éthats GREA 09 i ud is

second e ment of the net constructi on;
bdtgydepdoy@d. i s a cross-sectional view of a portion of a

doned housing,_end of a par he general . :
desi W@Perpﬁhguﬁés girangsd %ff% a@w& EFY égl%qlké Witheypavity
3@heiRY ARRATRIES v O&n, dRRAL AP 80 BSht#inDH BYRPSY as hereafter described.

apparatus; Figure 1lla Is a perspective view of
Tl b dulk aheen aTElgmfedr is mem‘aemﬂas heiepg o ymsitller Bbmmrths pogion of

a bu 1.1b t )
o Tt BRBRAR et s e bt pabineS 12 PERIEE RGP sger 320 in
th@ 96&1&‘1@’%6: SR Hbﬁhé@oe&wé&ﬁ%é‘fh@ﬁkc@l@@ Rt bsd oﬁbﬂl&ﬁ@m Je:‘ﬁds 14,
iS a perspective view of an articulated truss arch

1Qiardle?0ndR e he dieg long aecend fillprgpRe and 32b ey ke ﬁ@r@p@dtrunw be
dlgegew of an arch for underwater depl oynent conprising
%mcy appar at us;
A ring 34 is secured centrally in one end of the module, by a shank 36 extending

through a bore in the outer and inner housing ends 16, 22 and secured to a retaining plate
38 extending across the inner surface of the inner housing end 16 adjacent the bore. The
ring provides a means for mooring the module at a desired location. Additional rings may
be provided at other positions on the surface of the module 2, as required to securely moor
the module.

Fluid access to the buoyancy cavity 8 from the exterior of the module 2 is provided
by means of a spigot 40 and a valve 42. Access to the buoyancy cavity 8 in this way may
be through the outer and inner shells, or through the housing ends. If access is provided
through the outer and inner shells, the access is preferably located adjacent a bulkhead
(described hereinafter). This allows ballast fluid to be introduced into and removed from

-the buoyancy cavity 8, as hereafter described.
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25 Figure 11 e is a perspective view of a lay-over

arch for underwater deploynent; and Figure 11 f is a
wpesgpesspi ve view of a tied-in arch. Detail ed PCT/GB2003/004191

Description of the Invention Referring to Figure 1,

one enbodi nent of an apparatus for providi ng buoyancy

at 30 underwater |ocations addcording to the present

invention in the formof a buoyancy nodule is shown

and Belkbeals|4¢ extepd @sens the basycy Thatyrfbdtithia tRe mepstiellelsin the

hel ly. 004/ 0288
o R Gl Moot harineodd 2 ang cacqanes hoggipgend 14, 16.
Tﬁ@@&ﬂm&ﬁmﬂﬁﬁé}} Ve dritBis6@toedlvias t}@ b %/Qib(}’%‘a{i‘i@’ 8 @Y istVerdl voRume

formed wthi'n the i'nner shell or “recel vi ng bal I ast
P@@Oh&s V&d@élw pisegemenieshoavintin FiguTh 13 having thestodirhe mﬂnn each end

T L T T e S —

1h§mﬁkk§ﬁﬂy4gﬁb@nmﬂ&er shell 6 conprises a generally 5
cyllndrlcal outer housing 18, closed at each end by an

out eFhisngs ang qake shellsapey lzezformedrﬁféanymaéabla mepteyial eble to meet the

re Dl?él‘hé‘rt? of‘gﬁ?ﬁﬁelﬂ éﬁeﬁgﬁwmﬂstgﬂr . @1]% 1? gfegglr at th g(e)%th of

ener a wever e un ers

dépiatment b@i ertghtTBSﬁli’&BIe Rietis thctude lﬂ@@tﬂ@ Cs‘ﬂch g@alutriniahe alloys and
possi bI e,. such as f or ns_ havi ng1 pol y
Steerlo Belweicipreialsmay alsade gredy rwxm@e nohwémyl shleridaend

p(ggéé%rgl gPI%fe? bég; ng@t a%al of eOrﬁSt Cﬁ%l’l ka %C%g{@% 86(1 golgﬁlel‘ such as

under'st oo or s
filadegreinfrsad (il gesteT hesind eSuitgbledibreiacinde sarbgn ﬁbﬂas andl /lon or glass

depend. u suc ctors as, t he manner
Do i B Ao 28 Gl e ltaindls Rigsop vReioros pgaijeble
cdih%h&%aﬁ?@fo?)éﬁﬁnplgﬁqot) REA®Dn $iBRkslex 41‘0&'«1%/ EQO esin ex Bakialrhte and

concentiically wthin the outer shel th a ca
TGBCbmpngtaSéﬁl“ﬁéﬂ) t her ebet ween. The caV| ty 30 cont ai ns

fi 32 h ft d
S hovhis s wy e FrbEendte S8R RS Bpreird §d n prepering

tht shdlR! ARenadtiReliy e BDkdsi R4y B enif18ydaM they fo%fdf @ s of pre-

between the inner and out’er housings 12, a
impsegnatpdiiities (ro-@dlpd i'pre-1regs”)p dretsituips foﬁbmsebe@@/@m}yloyed as herein
m%agfged bet ween the respective inner and outer housing

J) 16 and 20, 22. The first and second fillers

32& Mnﬁ&ﬁnﬁ&)ﬁtdﬁ ehdlkRensaeEfofhedBYmNBe shhd ingfegitl or Bferbnt
r|n%_34 is secured centrally in one end of the nodul e,

mpigriglsshank 36 extendlng t hrough a bore in the outer

and T\ﬂﬂl%r W‘ﬂ&gg@ rb8s- se%?lo&ﬂ%e%gfég&l 1 ofta buo anc%module

retalnln ndlng acr oss Inner sur

2 Bfshowe, the I’rﬁﬂuhﬂmﬂnggm&mﬁbr Ibelbdlpet @nbdutbihgheN @ €T he-ﬂ‘il@dule of Figure
r|n prOV|des a_nmeans for_ nooring the nodul e at
2 e %;ee@n}eo@g@rab@pm%,tﬁt Shawvn iy ]ﬁggreh!ayThe cavity 30 contams a filler

32. In all embodiments of the present invention, the function of the filler 32 is to transfer
and evenly distribute loads and stresses induced in the outer shell 6 by hydrostatic pressure
to the inner shell 4. In the embodiment shown in Figure 2, the filler is a structural space
frame geometric filler. This general term is a reference to a filler having spaced apart
structural members forming a load transfer bridge between the outer shell and the inner
shell. The members are regularly spaced within the cavity in a geometric pattern, in order
to provide an even distribution of the load to the inner shell. The structural space frame

filler is such that the structural members occupy only a portion of the volume of the cavity,
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be provided at other positions on the surface of the
nmodul e 2, as required to securely noor 25 the nodul e.
wO-baokd2888ress to the buoyancy cavity 8 from t hBCT/GB2003/004191
exterior of the nodule 2 is provided by neans of a
spi got 40 and a valve 42. Access to the buoyancy
cavity 8 in this way may be ¥hrough the outer and
i nner shells, or through the housing ends. If access
ini partpoudarilebs dhant 60 Geglthd Ywdumet Bra pretbried merbodhedrit sthe stmectural

e RBE e e Bt Vet Riercsa) fesntian d0rhof e o of the
cdgy! PHrQeucetrs BAR eturg TRneted 6&%&% €sb Hﬁﬁ%g% of the volume

cavity 8, as hereafter described. 04/ 02889 _ .
oy ceREOBhGome Silersi@cmpikg satihan 45 &k obihd vabmosef thheavity, while

ovancy cavi.ty .8 within.the inner_ shell 4 in.th
st Bl it b st et Pt Gt vy iy s votume of
thd RevigaIndt HREEpi EPbSIhe Gtredttral thembBrs of Teefitdat ik iBadwah a gas, such

may be arranged to divide the buoyan%y cavity 8 into
assaaly @nd beryes tgeentrivuiettp dhpsqverglt bpoypecyadilaigedilat shown

0 Ei . h N - .

e BN P Tl B0 EOREER i e cvi.

Abheinktieay] sha@yichgalphevbeedf ihetfhienextbfEati aan@elesb €hd lodgitudinal
as required. The inner. and outer shells nmay be forned

axg$ ohthg magulen prch ardelicallylareimddhe gxippathin the cavity.

req ufﬁﬁﬂfﬁ&ﬁe Qbaif Y Hgﬁfeef tthesrg;égl%lﬁﬁg? Elﬁaﬂgﬂpﬁﬂﬁ Lantcdhe space

hydr ost'ati ¢ pressure-at the oynment and
frawae gitier in$hie foadnl of arteheydoalbs2 (0riavingestnretied] spensheeh2@sand occupying

ity b bl el 8 R SRATER TR 0 e meal
aRQOIRL ooy ddhitfse “E%Qﬂél}ﬂlggltc@ﬁg’gﬁmeq{dnﬁircgg{b BORALEUR h2eh

I bre-Telnforce y , Suc
(Ndnbex ™ r(feir ek ample d 8yl s St8erm (@8 iim). ceBsizepitaglabletex dexcel),

N
| NV eREieRThoab FiaNaBs] AlbS:-SRABRELL Borti¥n bF #buSaBPhRAtic00

_carbon fibres ex Toray, L20 epoxy resin ex Bakerlite
ingergoratipg TCRIteropipesssieiralspaeSiameThilderfis ghosa. nighe dgmponents of the

PG SR s bR U0ss bint e Rl bl pE Rerpgprorence

mBRer@RP TRY Edlet F0C dtngrizesn plurdity bPBb&@imdB02-extdhaiROMAiBEhe cavity.
fi bes (so-called "pre-pregs"), the strips of fibres

Easdi Irhpamrponyises aipaipef peing sentbersolld. caglpextieding petellelig and in
ol LBk 0P Y S iPh TRE ofbOMehe AXTRCAR Sldrer 36 extends
ifreren materi al's.

between the each pair of bracing members 304 and transfers the load between the inner

shell 4 and outer shell 6. The I-beams are spaced apart at a distance sufficient to provide
the support and load transfer required at the depth of deployment. Thus, for modules
intended for use in shallower depths, the number of beams will be lower and their pitch
greater than in modules intended for use at greater depths. In addition, the dimensions of
the bracing members 304 and the structural members 306 will vary according to the load to
be applied. A single module may have beams 302 of identical dimensions and even
distribution within the cavity. Alternatively, beams of different dimensions may be
employed and/or in an uneven distribution, depending upon the overall shape of the

module and the loads to be accommodated.
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Turning now to Figure 2, a cross-sectional view of a
portion of a buoyancy nodule 2 is shown, the nodule
whaooisizgsan i nner shell 4 and an outer shell 6.PdNEB2003/004191

nmodul e of Figure 2 is of the same general design as

that shown in Figure 1. The cavity 30 contains a

filler 25 32. In all errbodlne%)ts of the present

invention, the function of the filler 32 is to

t r anBelerringtadiigire Al a,crgpsssactiby pba persigs ohadueraney swdule

inif%%#ﬁagi%g %Mhegﬁggpgﬁvesﬁ%cﬁg sg%cb g%;d ! oﬁ %é'ﬁ%lwq the components

offthgwiodu2, o ?Jré 4lideerkichlgo thost bOBigufed arspadiCated ﬁﬁﬂgithe same
eonetric fi This general termis a reference to

referenqe MRy ’H@e 1408 caparises alpialitiaTnbasedBerash tube having an
ol RSP RS FE R OB DELIBE R Sy Bl A lr e

6,3pelc gt Wchhiﬂfb 4(2ex0amdh bytwicsn thedrimsrehd oatepsidlle ¥ne, providing a
order grOV|de an even distribution of _the load to

Stf‘?‘f@“iﬂrh’l’é]rg Ryeen therwos (TG dukes 402 sfrabavinia Figurs f widya giecular
C@M&E&@t Basve%taﬂféﬁ&a%él:rd@ H&@\%ﬁazl%g%ég%%@%wp@ssﬁ%t ion

the vo une of the cavity,
PCT/ £830031 tFig@t 4, he tules ﬁl@@ textendt arcirefesentibfiy W(ﬁlﬁlIP/&lebawty
t he Lume. In a. t he truct

arpifh P LR ! POSer R Hipdts By DismBedoeranagrg el oter

a1¥gﬁ@ﬂv1"t‘t9n eyt eAM%lté‘Hiﬁtl% arhﬁ'l%emeﬂ‘ié b¥e inRVGER Bﬁ«?gr more tubes are
| ers have structural members occupying less than 25

argengpd helecally bathen thefcatite cavity, with some fillers

i I th 1 vol une of
o | EeVEy RS e Riped A e e ViR e b
dEeIBaT b e 16HdtE be @Mmlﬁ&ﬁﬁecﬁ Reldnsis inffen ¥QbmiBePby theRpth of
cavity 30 not occupi ed by the structural nenbers of

infeded iiml@-srchré of thejneeflulg-t h a gas s uc h as air, and
serv f.1h
odu one é:tgrr%c{r %1?‘#’ rm%:&tnglﬁb%ébr S lﬂ?%y\? f@éd e pressure,

fo@kﬁiﬁﬂlﬁe aighs Wotledent orlitrygen bha Hqﬁll‘lesu@ﬁ‘dgk bil, water or a refined
Al ternatively, the structural nenbers of the fill er

3@9&@@?1291151@1103@8 an glcehq’lo 4 toe B illed, it presurizedsilg ig prestressed
I

WHquﬂélﬁlle ﬁHﬁ?tﬁeés o Cﬂeﬁg Séatlyon %ﬁﬂ%ﬁre&gﬁﬁzgfﬂ?ﬁ\%eﬁ‘%ﬂltéﬁ@he tube to

strasglﬁdsm ‘ptrelwdﬁﬁg the stoduletwitlah fcﬂpae)&encﬁ]ﬁ@mﬂlaﬂ]lyloluwardm fromethe inner

shiafl 0 BRyRGL. SHD Achps sl Tudie Hpile nassnthe by dostati

logérl] Béag{l) ¥ &11?\6? kﬂe@ﬁé{cﬁﬂg O'ﬁ@é%r@é A%fr@s@t@sé i9 ‘El[a‘ééﬂhm'gﬁ'bg Ithr?bpressure

oneyco sul tabl e honey
ofith¢ Bnidavxhiatle Uubdaso4r021 TheroroarTdd resreseappiipt evill akygpondding to
8 C cell size) avail abl e ex.Hex
ths SOt b SR ol o PaF o et D Gepus at greater
ddpereys epd mB@%ﬁ%ﬁﬂ i tﬁ@esEﬂOQ WrEfilfed Witk h PPSsRBLH RN £id a
portion of a buoyancy nodul e incorporating an
prasiressaddreifare deploymentr dih a sgrané afrargement, thefubgssars fidlad with the

pressunzechBulﬁ%rﬂ&grw%{er ap some depth between the surface and the deployment depth,

or are filled at the deployment depth. The filling of the tubes underwater may be
accomplished, for example using an ROV with a supply of pressurized fluid.

The fillers 200, 300 and 400 shown in Figures 2 to 4 may be used throughout the
cavity 30 between the inner and outer housings 4, 6 in the module 2, that is as both fillers

32a and 32b in Figure 1. Alternatively, as noted above, the aforementioned fillers may be
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nodul e of Figure 3 identical to those of Figure 2 are
i ndi cated using the sane reference 20 nunerals. The

WO pdoko28830D0 conprises a plurality of |-beans 3BRI/GB2003/004191
extending within the cavity. Each |I-beam conprises a
pair of bracing nenbers 304 ?ﬁCh extending parallel to
and in contact with one of e inner shell 4 and
outer shell 6. A structural nenber 306 extends

erpployideonly Hethe periopafithearaviy Refivegn thertyaerand ogtes heusing bodies 12,
SRS 81014350 OB, AP oL 08E ) e A 2y e

caﬁwsmmbesaﬁ dltechatint filler, puclvasdefodin. tSugtalle s inalde odthercially
transfer qfw red at the depth of depl oynment. Thus,
avagab Fréﬂﬁﬁ‘é’sc OfHE-ended for ‘use in shall ower depths, the

numﬁ@uﬁﬁer%ﬁ;?&ioﬂhkg eg&g ?x\é&r%ﬁoﬁ H)V'icﬁﬁ hiSinl ah%g%aprgiﬁgﬁte?%xy foam

than in no i nt at greater
asdtiel struatural filer il ihednsyary nodduld dhewnriadiguye e ffhe epox30fbam is

o o R ke VAo B P91 O s e

o@ﬁlﬁﬁﬁ% f
distr ?% 8? F%nfoér\nqt%% %@Eg %c‘g@, ?tﬁf;/lﬁ&iﬁa? g? nigitlﬁhéﬁg ’ by pouring or

inggictiol. f Oec&elmxedlvwﬁms thereaviig hdeompmehts yett arﬂi@tro rthé foammn The

el el 8 s R R P B iocomhidy il Bamaty
praom{gogﬁa&w@uu@aa@g%ag@&m%% b%@\fz@énrthé‘ GhulePaf] GMERell, The

4, a cross-section of a portion of a buoyancy nodul e
fopme mqydwempigyeé in girangeof densetiasatypicelly frooctdrtaI309 ﬁa@@ more

ooy bl 650 B0 RIA" e EnBRERERT RS frsoflind IR BB vt

cdtﬂﬁﬂbx@ﬁﬂ?dfobl skdiplé be StafEn (I)ﬁfp@él@d%qg{ NBIRAAE foamP@ducts include
filler 400 conprises a Tgl urality of tubes 402, each

PR PRAVO.ABHN and SBOAP, the a%b@frm dlest predvss desigeption indieating the

1)) Ihe i nner shell 4 and the outer shell
degll,sﬂgucﬁ tﬁf?la%l each tube 402 extends between the inner
and Bigtuer5 sloelsladbudyarey npydold atcodig toshe presant alvehtiordgenprising a
the two. Th 2 are shown in Figure 4

1%?et wee H ubes 4@
Feccipge e e gt ek R ProRBHATERtoR] CRRRRFEOf the
mb s of P%‘ﬁl’é :ﬁﬂi%htlcga gpﬁlg Eﬁfdﬁl@(& Q39S nﬂmat%ﬁ rh%viﬂe éa@ne

i gure xten Ircunferentia
refiré¢rtvie mutieealc aliie fyller 500 ampluydd firhthe nootiyild 21df Riglhireakisa sobstantially

veifheE ey Soreistiom EsERA by ARANIIo0 SClid BEar T tifaese flle

5 OOSprgﬂﬁed Qcc\/ﬂﬁnﬁbuﬁﬁ%cﬁ&al HPidSe Ydikﬁ%ﬁs@frﬁlgaéhre%g 8&tween the inner shell
helically within the cavity. The wall thickness of the

4 angbibs on@:z skzabld. t Rl filler$Q0iingreleratity a pb]ymeuavmatgnal,swnh resins being

GSS %‘%‘ %ﬁ%ﬁn é:ﬁlhe%ﬁrln?’ do 5 ‘%ﬁﬂ’g(? maiengppﬁtpé)?y&gtar resin, With'stlitable
reﬁﬁ@héiﬂg@%ﬂaﬁfe doﬁﬁnéf&dllﬂr ﬁor example Bi-Resin G48 and G55, available ex

Hexcel). Further examples of suitable polymeric fillers include epoxy resins.

Resins generally require curing before becoming solid. The curing of a resin, such
as a polyester resin, is an exothermic process. Depending upon the material of
construction of the inner and/or outer shells 4, 6, the peak curing temperature of the resin
may exceed the tolerance of the shells to heat. In such cases, it is advantageous to reduce
the peak curing temperature of the resin by incorporating in the resin precursor a solid

filler. Suitable solid fillers include chemically inert materials, such as calcium carbonate,
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In one preferred arrangenent, the tubes 402 are filled
with a fluid under pressure, for exanple a gas, such
w@200a/028802 nitrogen, or a liquid, such as oil , PeEGBR006/004191
a refined hydrocarbon, such as an al cohol. A tube 402
filled with a pressurized flujd is prestressed wth a
tensile hoop stress, with t héZaction of the
pressurized fluid being to tend the tube to 20
avgilablp gpmeiercigheasoseionggraes afdimelyenonideredachiaiy cilternative solid

' i.al l fr t.hemtnner shell to

ﬁ?ﬁé ﬁ%ﬂ'ldeé%]}é%glt%e %ﬁtgﬁ&%? ?’éas%pq?jﬁi:}ﬁ%e ‘in the nodule 2

| ncr Blasedidtiiier iyidelagédin 2 anlovadsiifeiehing réd@Ra ehd peaRluring

t he nodul e. The degree of prestress is determ ned by
tepperagire ektheaesipto bakew thelowenpt the magieum gspesunpzmpgrasure of the
- j ' di t o
o RGP SRR PR LAY el e AR 20 0 70% by
weigkisifites enthre filigr $aly antragetisbla frogr Hatosd092 by defihhsespddially from

the t 402, filled with
308%39%#??’%’(%&{?3&% eaﬁ@'fﬁﬂgg%wé@:d Ibef gr eWIdepI gyment .
I'n aR&BERRBYo FIROGEIREES of B6sst #PERYRws!drh & difid & hPSeneral
sk ;

pressurized fluid underwater at sone bet ween
designfod Eeguam tl atershowepilloymain altemiative designaré bfilkhbeld. s indicated

th epl oynent depth. The filljng. of the tubes
heﬁen]gté%}&%ta ﬁa Vﬂ’eg’- 121%188 f e%@&,e 1 BeY EQuIRFF e oRPtgorghulkheads
A4RENen i g i URDE VvARE. Thelbl ' ithi
200, 300 and 400 S‘ﬁEWaZﬁfgsfrgyP %ﬂdié%ﬁ%eéﬁ%@éﬁmuhm
the hveyageroervity Beof theambdyle 30d protvideancressed istiffeess fothe utodnle

| n 6, in.t.he nodul.e 2. that .is baoth fillers
sof 48R Dot Ol PRl Wik il ks o oy 2 ehnployea.
Habeneg, thé pieserice be shta tumgdad blal v fiR)o B®eMeoncentrations within the
2004/ 028892 PCT/ GB2003/ 004191 21 enployed only in the

stigeiirg @ ibaiunetien efthe bylkheadweidnthe liﬂ@nq'rf | I, resnliing framm differential
. ! . hat . ot |
SR Ry s Al DR s

cotmpyianiudkheadare pr@idddy il@déito aéduee BatlindRatd the 8forerBsiffdned
s a.foam Suitable foanms include comercially

ditierantial ENSSInt acti c foams. 5 A further aspect of the

. pr esf@@lre '69%1%1% Qﬂulﬁﬁ&\ﬁi@?? Pfac‘ hAg d@{f%lg X’@mﬂe%d %Bg% ?{%s aregion

foam~as the structural er 1n uoyancy no
602 e verluced fhigmess ifl its Thgtere pithxythickress bbtheduikiheadbb@a in region 602 is

solf P 51 §° Drredhisans FaLrenpAEst{ BoroRu TSN ke TrBunohisbows o
bufidhRhd E60H & af 6o RN AT T@x@‘ﬁhﬁ(}ﬁﬁ?cf Jopa& %%&Wltﬂﬁg Blutkdlfly of

or injection. Once mxed wthin the
opewingodEh the sizzashiape end pumbértvd wWinanare Selectdd ta edudd tha differential

LD B R 5 0 e R BT b et o
opShAIAEES0N Ak SIWMMFS%%%% %@ﬂg@%éﬁﬁﬁﬁllg B_@aﬂggﬁﬁf H@G/@V?r, it will be

outer shell. The ans maybe enpl oyed i n range o
underpiopd ithat othey ghaped ofopeningcanalse be 8@Pldygd.nB, nore

The module may employ one or more bulkheads. If a plurality of bulkheads are

employed, they mayAbe of the same design or of different designs.

The bulkheads may be prepared from the same materials as the inner shell and
outer shell. Alternatively, the bulkhead may be formed from a different material to that of
the inner and/or outer shell. The selection of the material of construction of the bulkhead

will also depend the degree of compliance required of the bulkhead and the other features
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preferably from 150 to 600 kg/ nB. The conponents for

preparing the foamare available comercially, for
we@x@apkss9ex Sicomi n Conposites UK. Suitabl e forer/GB2003/004191

products include 15 PB 150, PB250, PB400 and PB600,

the nunber in the product de3|gnat|on i ndicating the

denS|ty of the finished foam23Figure 5 shows a

oyancy nodul e according to the present invention
n‘gulﬂcb,@adgiealgnf suches ﬂwmadldrsganemfany opérhegs madeatli Swtable

0
e SRR ERTIoB A TP HReeOaaS Breta. getois R, loys and
sted]ourquiogdnéiglsagh ﬁmlwgﬁn%drlﬁﬁﬁg@ﬁce nuneral s. The
filler 500 enployed In the nodule 2 of Figure 5is a
subsfaneted) thy mngbanl eutershell magbe domeidsiome vessfefmltﬂr@atmals with
The .sql id ase fil
8 e S YBLAR: B R 0R5Ge ol AFBe rRURR A Soted above

orter}ﬁélﬁ:frecﬂ maf@las bf €BSRECHALYERB itlRe ahdibehe SRk khelfofdRéimodule is a
the outer shell 6. The filler 500 is preferably a

filystrintreed nAlvaen o) furiiier Aspeelcfitae Mé$%mV§§fp§hliealldI€§/m the
0 3 g] tf?)flro?fhe fﬁﬁe%ﬂﬂﬁl Ee PJSP%'[]% gﬁﬁ‘g% §i3 g gn:?%gl %ltg 01“1%1’?’( the fibres within

yester resin,
theglall (&tshells{:tu)r’mfmlﬂhexqbdrallled fooor c&maﬂiﬁérentﬁﬂ td%ﬁ:cﬁntﬁﬂgo@g\ﬂldmal axis
avai | abl e Hexcel ). Furt her. exanpl es
oty PlgsRESBPHEr Pich s Eeeh L be SfblaoF Beg ighallow to medium

de?ﬁf’éﬁgxﬁc&ﬁﬁ@r flokbvEL fHak Seéf]h%hﬁlgthgﬁirp{lfen%‘%@ %@ﬂtaﬁ&ll Ibfjthe fibres

uring of a resin, as a polyester resin
18 mqumdnﬂiht modubn.memsucmmaﬂyl ideygl ovegioat hig'}edapﬂisesuohlas 6£000 feet

t f .t d/ outer shells 4
or s o) i T o8 e0s RSB i ngotAvR hegrtace of
thé Hﬁ)dﬁlé' g@‘ie@; Hze t@Eo&ﬁ%ss%hefokc%s Eﬁ’d B%Ees a'cﬁn%i’h(c‘ﬁhl f8eds bF the

i s advant ageous to reduce the pea curi erature
medule.hian adéﬁicm, thy hydeostagio pmssmrg a¢tmgtdwethe elsdsmfﬁhfewdsl@ rgives rise to

copfhutidiva oy s g e Bpfadin it p4EF Bondiey 1 ap someat et e
pryﬁﬂﬁﬁeéﬂtﬁﬁas PPoviieTd IR ARS/ @ik WhiclPthe d¥idhiaBB Bf the fibres in the

commercially as various grades of finely powdered
fibypragipforogdimaaterialioy @eslamrcand/for fheequserishell @r@@rlfemﬁdé@ hrquCk@ethe shell

{ rJ ite e sol.id fill
iR oo e AR i s o ncl e Bl orces
encouritérgd at dprisr at ur e of the resin to bel ow the | ower of

t he w% i um exposur e tenperature of the 5 inner and

out EreIEHBE[C FienEe Tofhege Fishper 2selmeatisrenesentationf a portion of a

RSl B0 83 DL by B b e v

shel$ peihe altey slﬂerlbmﬁ a rﬁﬁdﬂle oﬁﬁ%gbyerwledegigh shbwh hreFigotd 1. eT he module

hag p e SE SRR GAR FHSUL. of P BRPEIRR e enEPa AT 704, in

wKlei$h 981yRfer Eiag:i%{ 8 pro A&l Wi WBres 706 gﬁ‘eﬁ&hg ARl YR BAS YL The
desi gns of bul khéads. As indicate

reference numerals 706 in Figure 7a may refer to portions of a single fibre, or may refer to
a plurality of different fibres. Preferably, the matrix 704 is reinforced by a plurality of
fibres 706. Each fibre 706 extends at an angle x° to the longitudinal axis 702. The angle
x° may be the same for each fibre or fibre portion, as shown in Figure 7a. The angle x° is
selected in order to provide the shell with resistance to compressive forces F; in the radial

direction, provided by the resolved circumferential component of the resistance of the fibre
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10 herei nbefore and as shown in Figure 1, the nodule 2
may conprise one or nore bul kheads 44 extending within
wo b@4/0283892 al buoyancy cavity 8. The bul kheads BCEGB2003/004191
enpl oyed within the buoyancy cavity 8 of the nodul e
and provide increased stiffness for the nodul e
structure. A bul khead of plai4 design with a given
t hi ckness t hroughout maybe enpl oyed. However, the
toutess As@ thefnesess iy dediithnch @@ compry sdive/rdes Feintthe Sdng@E&inal forces,
concentrations wthin the 15 structure at the junction

provided &y Ha vepelyerd pngtudipd cpmpanent pethe resigangeol tp e ke stress.
di ff %B?éﬁghaﬂoo rﬁi}h% qaﬁﬁéd Q\ﬁ 4 @Q tl&;*éleoxgrele ﬁﬁ%?g@{! Orhd\Qatrix 704

i nner and out er I"ve S1 gns
map ipvd @ints aukidiegatgustone pngle ixbl eglthe ilongitudiael 4:9s.r Bbucke a case, The

or elimnate the aforenentjioned differenti al
anglg ?F‘% #?é gch f%rf@ e t%%raeﬁ%aéﬁenﬁéf kh&xel B BICETab]y fijop 35° to 65,
wﬁﬁ%hgles of f16mPb KNEEhEA0R. eﬁﬂ%daA&led%g%fs%@ RRZR gopd

reduced thickness in its center thlck ess o
cbikiteaco ®00urairal faregsdh aﬁ(ﬂ)R)ngEtudmdlfetceeﬂl so as to

redu e. ferential stiffness i red

| cverte g (DGBPEHUNRTSS * 1561 KRGS UBLOBAGE cbfigt anele x t
thd Q@ﬂgﬁk‘&dmlﬁhﬁu@ Bh E%@&n@%@&ﬁ of M&Véx@&ﬂm@ att R s@cdﬂd w% )Er;’yco the

openi ngs 604, the size, shape and nunber of
a>a$ elnsswble cases) it is possihole ¢o emplogitlies Brsegroimbf filiek td providedhe
he bul khead 60 and the.inner a out er 0 .
oo B PaVr ComREea ey HELngiroy BRE kR to provide
thEn@edsSar BesasBankd € kd WnSHREAA RbInPtdsyive Fdraddg Bh alich SHAEMBE first group
it will be wunderstood that other shapes of openi ng

olcihreawibexdendedhpnepsle x° Breatarslpm 35 ° nin/todtos |t@§lledﬁ@glbmlnal axis 702.
THOS %oﬁ’&’%&)ﬂ? %ﬁﬁbrels fw1 eQ #& ?Lénté{l f xﬁ%s‘%ﬁ%ﬁ?ﬁ Hof case of
err‘pel oyed, ey nay e 0 € same design or of®

ccdisfrﬁcﬁtfo(ﬁnit idesfegrd that i eubdd@ads oNByrehextpidpate dngle @ater than
anme nmaterials as the inner shell and 30 outer

a‘%%lé?fﬁ toAp¢ longitidinaliayis 108e Aot paY BT ofelhe fibtmigto have
o Sk b TBL R Bl b PP Bl AAE A0SR0 oy Senting

arodngidef 16tk theactis T2l | al so depend the degree of

conplj apce required qQf the bulkhe d and the o

f eat J&‘%lf‘eﬁb S 08 PSPBS o PR E5 0% %911 %HQFS forfBe axis 702.
F&Lexmgped GRS 'be%ﬂldfiﬁ afcbﬁlbﬁiaasn aﬁ&gﬁé@%qer/ OfgoaRy 55° and +/-

openi ngs present Sui t abl materials for constfuction
855’fto ﬁlhﬁeammdn dadther cmhbldetlmmtod Ianglesswdhalasb@ieadnlm appayent.

al | oys and t eel such .as efins

and a6 Saodhiient B SHE T EaER oe b stz 704,
wﬁﬁméoeorfa@fnrfﬁg fifst ‘Pc{}?ef"eﬁé’i{dn?é ¥ &%cﬁ&h%b@é for tH’é! 8t grou }Is Befibres

i nner_and outer shells being of the same or dissim

ansighe fibres in Bresecons laysr extending es desgribedprhefie forghie saspad gmup For
mgglulfa%gm C%ﬂggril aft g‘rrea Hept]cllsn Bshél %(? rrnagr nggrlilseee{ pﬁu‘éﬁl’[y of layers,
with alternating first and second layers.

Referring to Figure 7b, there is shown a schematic representation of a portion of a
shell of a buoyancy module having an alternative fibre orientation. In the embodiment of
Figure 7b, a shell 700a has a central longitudinal axis 702a and is formed from a fibre-
reinforced matrix 704a. The matrix 704a has first fibres 706a extending in a first general
orientation around the axis 702a as described hereinbefore with reference to Figure 7a.

The embodiment of Figure 7b has second fibres 708 shown as broken lines. The second
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fibre-reinforced polynmer. A further aspect of the
present invention resides in the orientation of the

WO piwnessset t hi n the respective shell. It is posRCDGB2G06/004191

orient the fibres within the shell or shells to be
either parallel to or circunferential to the central
| ongi tudi nal axis 10 of the Bfoyancy nodul e. Such
constructions will be suitable for use in shallow to
fibred 7 08rextehepinntha ppposirat ditsetion dMowed the,axist70Rasthixde at droanpte of —x°

o Bl st cr s B et Ao e fagen o o
@b 700 ShadBPLdaend SRR 788 eRtefPR drefkle 3601280 Ble xS The

not ed herei nbefore, the hydrostatic pressure acting
ppoples foes selactem ofiihd aggiesdbr the Hibresodalie Figuwvega sdt et dtmve also

oG T8 SUP IR LTS HHTICD e oS ACS By dbodhupithe angle
xPh8$ BY R Bkl fBi%alPiecbNEisREF0Dbr tbe diTRE Ws AesHiibed hEleiefore.

to " conpressive forces acting |ongit udi nal I'y i nwar ds
meer@biﬁ,r{ﬁ@ shelle/00pthas §rsh fibeps geiendiog at ¢re orppers@ngles x° and second

jnvention t rovi de a _buoyanc nit.. n which the

iy EReidiie AL FROTF eRreoNAHE A P o- r ei nf or ced
mat eThénatfx 7038 nhdydhsiot sl 2¥indl O Ry h&¥ing Fiedt bn@E&®ond fibres
oriented to _provide the shell wth the sufficient

exfendipg ey deseribeds idtermpsivalys he frefdibass mabe prseant iibip Aest matrix layer
RS ERRY ok h 8ot REURLET £BuRbf BR1Ers R 6 frbVed with
ﬁfsemcE&eamaﬁbxém exttnding ar depaatedfiyads. shel | of a buoyancy
nodul e. The  shell, generally represented as 700, may i
be tféshayen Figws) 1, gwrm?c%e Bilihe presefe (Ipveytion may ¢apaste an inner
o | . il
s SRS el 468 S BN L biHoBH Gerkbelafn MRS iy be
subjdet & roeginfreatoedt, afuding Addsionsrand smpdits kivaing tdayspertation,

trix is . provided with fibres 706 extending.around .
agpfymagy &n%%éweméf lsrpé?f]é%%@eprﬂm ﬁ&f! tahel fihisgaearatgetion, in
oﬂ&i@y}’torﬁ&%ht it%cﬁ%rdtahﬁg&i Sd Peakbd, & f)fe?érﬁed Iﬁém{éPYor&ﬁ&%étion is to

to a plurality of different fibres. Preferably, 'the

puositdeiaprddtivedayasionéthe eutfipy of thel amtalshell Biguref§ashews a first
7@6. Ea,[ct} fi béﬁ 7Ot$ exttentds at an angle x to the
PRUBFELR RROUlE YHGPIORHY AR Te  x may be the sanme
for Rehidd 8RRt 84,1 RHAPEL the hodaR SHOAYEhdwh il @éNsection,
7a. The angle x is 30 selected in order to ﬁrOVIde t he

shofang thgiimmer skell 8Maandentaytes shell 86 A straainwab 11 8084s disposed
r.adi .di rectian oY/ by,the res e
ot Pulhe bl B PR BRI 3o Fn SPuk FRPIE g mprpe any of the

fiflérd hereWbe 2O ¢ OABER 2T P bl BB @ated SHELPZ06, 8 4igi Dprdtactsslayer 810 is
and the necessary resistance to conpressive forces Fl
PLOMidEAeCON SiRg ﬁhe@n&m oufesseface of thenteresdiclhy Theprotecdiye laygr 810 of
| i ' . i : i.hr
o SRl R B 0F PRSI AN6GA1, 18 ABER, ok
a ey rfopéxanipde sasly alumidm offag attey, for ¥ péBAnetidymdtanal, such as fibre-
fi bres extendi ng just aone angle x to the

repg"ﬁ@p{l o]F Hnfey T%@rg‘?zthiyp layer$18 n&aéfscg,nsiw a single layer of the

aforementioned materials, as shown in Figure 8a. Alternatively, the protective layer 810
may be made up of two or more layers, applied successively to the outer surface of the
module 800. Fibre-reinforced plastic materials are preferred materials for preparing the
protective layer, as they may be applied by winding the fibres around the outer shell to
build up a protective layer of the requifed thickness. As the protective layer 810 does not
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5 angle x for each fibre is in the range of from25 to
85, nore preferably from35 to 65, wth angles of
WO e@a0zd891 0 60 being preferred. An angl e of 55rPQr/cBR@WEH04191
a good conbination to both radial forces Fr and
| ongi tudi nal forces F1. The matrix 704 nmay conprise a
first group of fibres extendid®g at a first angle x to
the | ongitudi nal axis, and a second group of fibres
caayiprie inidie aydrastetic brad-temghecapacity ¢offthe fddabei the orienttioh of the

53 Re ot TRt fet cRuGle aRior et b wal paarispted so o
toqRE6dEe BR mgstfc@ﬁ«egfenaﬂ@tﬂoa%_faﬁmaaoﬁ bPHE ﬁgt?%}ieggfer.t 0

provide the necessary resistance to |ongitudin _
conpfBglpmatiesseadiment of tlachpratectivelayertie siawisin Bjpaei8b. Referring

- fihre | ext end .an angle.x greater tha 5
o ietrs 3% pilsph HARDF e P Gink 3n ol e S04 and 505,
bagwestpwhich fid disgssedvh illle£SG% MTheaill@ M e 8y %6 f HRSSrubR@4] fillers
55. For ease of 15 construction, it is preferred that
hergiabefaregiegcriiedu g he pratediivedayek teenerellnindipatedrig Feguge 8baeR10a,

. ' inN Xi S:702. A nmpst
cdfthcs ot o enérly BB AP BBt RuydonR 0 lRFispae ofhe
owgercshpll 826.THe axgerayt atdorbimglagerd 2 Gondists bfl@la?rlﬁf Sf nh&XéridN@pable of
p extending at an angle of 35 to the

t he, d : :
abé%%éns%g .re]ner r 8? thtngRackRhils drapgfeming litle ormn ivanacbenergf to the outer
RBG 1 x| |l e,
SNBSS S0 D! B SR I i
maigrialy$uch55 adwdeyebmb8f foam! The matesial 32clebigd sbiag to deform under an

[ [ i | b di | t.
infREia T TR e BOBASBET NG e e L e TUPPE) & Bipgh gele cnerey
abb¥/Bil AW S Salab syRddticfoat hvailiié BorhRerdidiRr Q?g'roﬂice% Eﬁl}f?cres%f the

first [ ayer extending as described above
engrgy Rhsobingi later812 iawdvarbdinf 4 Hgiddayen 81heThedgiddayeapes is formed as

T SRR b Rl i
shé@ ifBipueoPsmri se a plurality of layers, wth

alternating first and second |ayers. Referring to
Fi gukhe prptectivedpyerisgrreimsiing the sutee el of themodulemat heowgarded as

J f . |1 of b d havi ..
boflls EyBARLEPRYE. s Gier it RSN RithSu Shibniotafine the
ovetafiintegrity, ofahshelhle 7 F8a phastise ¢eff3/6i, FetHe® ROMhE WehnDaf a single rigid

axi s, 7%2a and is fornmed froma fibre 30 reinforced
layes OF indhe deran copparising 31 snergypRsoraimnerlnyes wwith arigld cpaibeg, is of

: i: i fir I e L ar,ound t.he
sufli ER Y Do scelth iBHon B R LBlort AbEN Sicb el HBfe ilthormal
traRbgut andrdeployiieat efthediodelt of Figure 7b has second

fibres 708 shown as broken |ines. The second WO

20041 03EbEPoveIERs 0reirebly Pyth oftbe fymsr and quer sheliepithen
bub{Ricd B%ilenﬁe ?&rﬁfcﬁtﬂoﬁpfiﬁfe%ﬂl%fc&?pﬂ%(ﬁcstn%gﬁgis. R burktRs aspect,

at an angle of -Xx .
the present invention provides a series of most advantageous methods for preparing a

buoyancy module. In a first embodiment, the method compriées forming an inner shell.
The inner shell may be prepared by winding plastic-impregnated fibres around a mandrel
in known manner.

Figure 9a shows an inner housing 900a and two domed inner housing ends 902a to
be attached to respective ends of the inner housing. The inner housing is formed by

winding impregnated fibres onto a mandrel to provide the requisite number of layers' and
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to the longitudinal axis. In other words, the first

fibres 706a extend at an angle x to the axis 702a and
wo bespzssond fi bres 708 extend at an angl e of 3BOF&BR@3/004191

the axis. The principles for selection of the angles

for the fibres 706 in Figure 7a set out above also 5

apply to the selection of théxhngles of the second

fibres 708 in Figure 7b. Thus, the angle x maybe the
shellfaickegss aTherseftasnibie two hewsign@ids O0Pmsreditidherd to e inner housing

ihed-hereinbeforge. . Preferably,. the shel.l _700a i
OB A AIBRE B S Sl s RS g B i i
alteeaive mdthdal, @sombired dirid halisiNeh d¥ndMERHI P DOGS R R by

angles -x. The matrix 704a may consist of a single

wi Imppegnated fihressante p quitabbosiaped meedrehin kerwamdanmgr. a@nce the

| i vel t fixrst fibres b
meRRET i paflove bl &R (i ol Wil OpHa ZRE B Se4 ty g oven
enidofahskasing 968br Preftialylgl tworofthele@hbinyd Binet BB sH¥%nAe

rovid g Wwth first and second fibres extending in
as %‘al?a}ieég Ob mpybe attached ghiksirioperprylsrte farm @ pempisthinaershell.
t he ' j Asi St g hel | .
oo SO EIRAORe FRIBE 8t 1B hE B oo (RE Fincr shet s
compdeted eThebulkheads magtbk disstatizy bydodding whjirdindrahsl0uGH suitable

treat ment .. i.ncl udi ng .abrasi gqns .and i npacts, durin
ni} SRTT StieniBie. R B e e P h i BOLpS Scchyed by means of clamps

orfIe MdcBEhiEA Rt N¢tISuchHe veug er shel I with sonme
protection, in order to prevent it being danaged and

weakairrgdhe mnpr gfellis eumpletente sfroctumi filecs iappliddsio ttlee outer surface.

T BB O lond U A Sl et aahncsspsagy in order
to PRspeteth¥birface. MheleRfdrl 18 oufy Shell i8 ApHaldabih n&lt&osuﬁagéj{)@the filler

8a, a portion of the nodule 800 is shown |
bysyigdingdwpragapted fibraswivethe fidet torferm dieatetuigiteimankkran layers and

I ructural f.iller 808 is disposed

SRS HERERSY vhrTer eTas i BB AP e e
st r Un i pHernbtivd @nbodd8erthih BaeadM¥l & prepfed bd hdr&iBefore described
herﬁi nbefér e described. To protect the outer shell

ang g 1llugtrated imyeifiop Fiewrq Yacon My kn guter shell of eppropiaate size is formed

i i f e,,Qut er shell.
R e e B A
both gnds gh@ids banthe $oren af thahbwyiey 90 of E5dusé 84bs the c@inBined housing
a netal, for exanple steel

i al . ,
end B S0 Riedy 0 oheseqptigh ner et isesabinto the
op&Serld &¥tBe ohteh RERIEH oﬁie‘??ﬁ%ﬁs@ng %(i}ﬁtoﬁga%eg %&c\ﬁeché ?%@gﬁé%%xgeen the

. may consist of a single l[ayer remen
innen pied petbshouaings frofited withthgstractBeal fiflkt. er nat i vel y, t he

P § it ety B o oS o el i ormiaav dsberipe bove.
Tht BRucral B i§ aB9d tH Y Rndr@lhQY S8 Hﬁ@ﬁ%ﬂeﬁ aﬁaﬁigl(f:sihgﬁ B the

are preferred naterials for preparing t pro Ive
conresf dimengions oy exaayplb by apphingg. Khewiutedishe)! istheatbd by esise it to

ex ot e O UL oot Suichiharte Wy Bl pGiene pen W mteria
andithegelative dimensions of the outer shell and the inner shell and filler. Once the outer
shell is heated and expanded, the inner shell and filler are inserted into the outer shell,
which is then allowed to cool. The contraction of the outer shell upon cooling generates an
interference fit between the outer shell and the filler. An adhesive may also be employed
to further strengthen the bond between the outer shell and the filler. The outer shell is then
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WO 2004/ 028892 PCT/ GB2003/ 004191 26 contribute to the
hydrostatic | oad-bearing capacity of the nodule, the

w@eooanesspi on of the fibres in the protective PEHEB2103/004191

not critical. Accordingly, the fibres may be oriented

so as to provide the nost conveni ent nmethod of

application of the protecti vesd ayer. An alternative

enbodi ment of the protective layer is shown in Figure
c@hpleRderthe agplicatiamoffs goorsl Biusing ehd oy ameyhorsitg and@00 assembly

shown i ng..i nner r shells 804 and 806,
too%‘?ﬁé%%e%?%ﬁn'o thc?l%‘?ﬁggﬁjg@%? Ter 808. The filler may
be aD)é%éifdlﬁ ohtthé!fletHodlof EbhstiBESon, REHS) ﬁ&@fe%@smle to completely
descri he protective |ayer, general ly indicated

fill ghergayily besteen sheginger, shelt andoihic @e@r shadhas dhe mpdeln @n@pj In such a

S e osed ad t.he
Cé%g ? {SBJ ré‘f%{;re(?% trake83‘<§der T EFpS t§c’f ﬁéatt Hiep ogggg}ebqaxléy is filled
Whth)ﬁeﬂlleﬁ,lsacl@ a®RiEbeideh cambRYeruefuralaink et ectdR@ingr $ell and the
0 absorbing the energy of an inpact, while

OltltP%ﬁ%@%l dhropghput theyquiiresmodide, hapiepaationgf a domedensleither as 2
e}gﬁlté h&lgﬁlg e-ﬁE ot 85ai¥le ﬁg@%?@%%nh Y$, oigélg‘\xfe%)ag 8{1552% of a

roma sur'tabl'e ener ng na
cd‘lllilﬂﬁ@tthmimngr anﬁ@amass'Ehﬁlyn(ﬁ'blemaﬁipld the %&ﬂnbﬁfe& @oﬁﬁn@énd énd

d t to th dul e,. thereb
oS SEBIOHG) AT BR L R b3 femikisuBe onh ioier S tpgprtdhe mandsel
a‘tﬁﬁl@%ﬁ%h tROSRI n‘nk‘)peor CI tb@fn'gj?_ rohedl. SRR 1'[19h£ 8 (% ﬁ%d ciféhe inner

avai |l abl e co e outer surface o
SI@HGN piygads or dridegtol eama‘e tigit hei tBropanogroevity is fnid-tightd It Byenvenient

8l4 is f d h bef
o hB A o B e e ST g S e
inAér dn'ﬂ%u@é’f‘éﬁéils”%& fill bt Boﬁi‘oﬁ ‘6ﬁ° theRBvity BethRY s‘ﬁ'it@ﬁl% 'sﬁ*gctural

| ayer surrounding the outer shell of the nodule may
filesg dhd éidilenapplisd im thismgerr infay bieal foalayBICh as hayntasticafoam, or a solid,
ed, w thout conpronising the

v%éﬁeegﬁ\fé{ Isu‘f‘}h?’%g@e?t&? 0559311?1e modul e. The protective

| ay eA modp %ﬂb@ﬁlehﬂaﬁdﬁﬁeﬁl@ﬁt%pémﬁoﬁhg ahé sédlﬁg Ghe hA¥ER tHé dome
|nthef0rmCO|TBr|S|ng an energy sorb I ng aer W th
Y

engls i5 ownds FiguigyJc. Elgute Is5heve p emsswqtz@nmleggw 96 tfwnd@f amodule

i T T T ——

endatosd aﬂbmveuteﬁlﬁﬁlsﬁfg dihﬂ@b&df a’bﬂl@/lnhéltl{bugifngteh@ 906 BAs FHWle 910c. A
outer shells of the 25 bugyancy nodul e are fornmed from
sipilpy Role 8i%ﬁlépaféant¢n§sq%errh@v@ng 8n& 903y A bagkplatepldc, typically of

stéiA§ ﬁ{ teﬁ%ﬁ thé ﬁﬁl@ﬁéutrff'] a0 gf‘t?k AhePhAV: da90%§ h& Sx@hds around
nost g a uoyancy

ant ageous ods tor prepari
thﬂhd]lel%()c | Thabddkphte Qalmtocbﬂs mepitot I1ie arreddeddo @mmd klg68gh the hole
form n an_i nner The inner shell

19F élbﬁ}e B OHFRY Pﬁgc igothe F%Vlﬁyri@m@qﬁléh%w{rgwglgaﬁr@%c and the
oufler HRASIHE knd HOBK MW SpIBRN9FEc has a blind central longitudinal bore

therethrough and a thread formed on its inner surface. The backplate 914c and the spigot
916¢ are sealed to the inner housing end 906¢, such that the hole 910c in the inner housing
906c¢ is fluid-tight.

With the backplate 914c and the spigot 916¢ in place, a filler may be introduced
into the cavity between the inner housing end 906¢ and the outer housing end 908c through
the hole 912c¢ in the outer housing end 908c. A pad eye 920c is provided, having a spigot

922¢ with a thread formed on its outer surface. Once the filler is in place in the cavity
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30 Figure 9a shows an inner housing 900a and two doned
i nner housing ends 902a to be attached to respective
we@pag/ 028891 he i nner housing. The inner housi ng PGT/GBRITBMH04191
by wi nding inpregnated fibres onto a mandrel to
~provide the requisite nunber of |ayers and WO
2004/ 028892 PCT/ GB2003/ 0041929 27 shel | thickness.
Thereafter, the two housing ends 902a are attached to
bdtiveeri tha@mehenboutgr hd@Big euds PRPca9Biei thalpad egelvestwred tofthe outer

[ h is. illustrat [ Fi 9b. | .
st OF G obien BOTAE snet st Wb EErrar e m B3 Soisetn: wifh the
spRsl 9266 80BN OROR: ths bRKGRAS @ﬁlcbﬂ‘he%&li‘ VD IR RP1RBE 5bc are

fibres onto a suitably Shaped nmandrel 1n known manner.

se@led do theeouter ipansing nd 208cesmoly thdt it as hBuisl-tight enmcloguas shown

nous i Gueiy TRane s B p PR isPubRE: i 8hrfiep S locations.
It oA B c AR dd el gedTSIRIRbMEAS 0 PRRH et iRGerRfohakdiedis @ble to

their open ends to forma conpleéete inner shell. One or
withytenddhp kiidrastetiapisssupsprgsing at graattdepths.nhbe medulsimey be attached to
' ' o) ted h | kheads
o8 SRS BE S, RTS8 e L ARG e

md it ablyde altdcHed a6 tigtdgaipaidnt atdifstur&sat aAlubérfatdr Y®alton, be it the
the bul kheads may be secured by neans of cla

sitsr o dinahesphramepars 4 leseléneintermediats batvessithe _surfagg 395 Hhe site of final
déggﬁaﬁeélg h?x'()éi’&l%lsca‘ég %ﬁf %c%@gpec‘ héﬁ%gé% 1t%| baﬁlhétltﬁe‘g‘ %133%115, in order to

e outer s er sur
retitie its Buoginclystofassistshigitlthefdeplogmantyirecdayrayndihk face ghat tfe module of
necessary i.n order fao E[ epare the surface. .
the pessentiipEmtion fan bgballastsr & this wayyspresents ¢ significapi adyantage over

thE %&%ﬁye elgl.ll’[gl (f}gl;.é %ﬂi&reaﬁ‘t, %iﬁyge%ﬂaﬁy Rgvd QR&W! RS it

over~ t o formthe requisite nu fayer
didifinohlt te lnetrhergh ifekmfes snovEmenipmolestténte alfanpklocatidn.

resent, LS thereafter .appl.ied. | n, alternative )

P ot ed (e RS ARl €S pellaf AL ATRER Wiwrapeavity
wHESGhd BREr shaNifkSa duitabRUTAd. €Bhik s BbstRBAVITIGHISvA&. Ohe module

9b. An outer shell of appropriate size is fofned

is pedvidedt wigh emindetitotherbuopartiey davity, tyowghreahigh dhe batlast oat g

shel] 1s.left.ope t_eithe ne. or 20 both ds, that .
supfifi otsbidefliesnf B R A 500 e A il Rsagie) Bhring the
d%,n@nmﬂpﬂoa&ﬂn&ousi ng and end assenbly 900b of Figure

b. The conpl eted i nner housing is inserted into the

ope @mﬁﬁeﬁiowﬁéhgmlﬁﬁt InaerevRy fom dettaroyarsisianigy of the module,
B W BHEL AEOEOR e SRR Py RSl P b

fokdin@thie ballght etisithemotuletubidgiavdaprasel sl &ichbebmpressed air. This
formed as described above. 25 The structural filler
hasgerigys disd vaiagene Fisels ey naled above, ibis nepessyie prayidy the geppressed

oL RSy G955 TN e B0 SO Bt o,
Second, it is necessary to provide the module with two inlets, one for removing the ballast
and one for the compressed driving gas. According to the present invention a method of
deballasting a module is provided, whereby the ballast is withdrawn from the module.
Referring to Figure 10, there is shown a perspective view of a deballasting
apparatus according to the present invention. The deballasting apparatus, generally
indicated as 1000, comprises a generally rectangular base 1002. Hooped supporting

members 1004 extend from the rectangular base 1002, joined at their top by a supporting
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expand. The tenperature to which the outer shell is

heated will depend upon its material and the relative
walremenzsisens of the outer shell and the inner sPel/GBagwd/004191
filler. Once the outer shell is heated and expanded,

the inner shell and filler are inserted into the outer

shell, 30 which is then allo#d to cool. The

contraction of the outer shell upon cooling generates
beam 10061 Brdcketel 068 anetpr@\adwcb@neach@f thettwio exdenest heepedisapporting

g e o P B Cha G | i Ko 4O flow e

apbhrahi8lio bd Red¥éixa @% by 4 Srahd8NdR12004/ 028892
CT/ GB2003/ 004191 8 conpl eted by the application of

a smmbdmsnmgor@mua)}ooﬁwp@xpnhmdqbgﬂmgéﬁ@mk‘é aembly 1010,

t he..e rtion. I
haﬁ;}g éxnca' 1}%&“}3% Pimt lich L& P 0&1 n&?\%g dha nst%néctpg nal é’ﬁp%’ugh lTﬁé %:yhnder
as@EnNP 361 PhA of i€ ai1ed fof edryectidnl tb tlﬁé‘ﬂﬁld?/aﬂdytrymdlﬁé waiam ﬂtlhieoutlet
inner shell and the outer shell at the mpdul e end

.In
Insasen imwhichdheballast tp beprithderyeiomdhe medulgdtvetcnias Hiid outlet
this portion of the cavity is
m%}?&%dﬁtg tﬁ{%ﬂﬁr%f]&l% ér, such as to provide a conplete
st r Uftelpigtbn bf this dbl@tllae@{g ¢yfiedérmssmidin@010 snuotddédy metneof a

ygrha?&;%@ﬁ%%g h&u %N[hgqqle@ggd;ﬁyr@%gg%(gﬁﬁ The )Eiré etglﬁé?u(lﬁ% gqr;er%glr 1014
byg%}%;aﬁpi fic {1 ng%ﬂﬁ Icl)gg? eHflye g)% dEéLQilé rﬂ%n@ Bno#s 1sﬂﬁ’6‘§1ded by

ng an assenb y r exanpl e
antdietriombiond 1 $01lisé drg)aﬂamﬁng lappar@tuamg mblopelgtt@b)amotely from a
requires. that aho forrre in t n in order to
VoG P TR O AaRce: AR P SO Raed ik At fg Ry plsfns ofa

cagﬁe F%V@é%ﬁ%}ge eﬂ%nﬁ@ﬁt%hbﬂn‘hhﬁgﬂf@ﬁﬂc&x%s@i a {iB8n i@ eice 1020 for

l'ugged, 1 n order to ensure that the buoyancy
a R@V, by whschfmcandﬂne aiparatystis plseraimh‘aed]p@molledo use the

hoI t end of t ut -
accdoate ghs e e PR b0 REEPRAEH il ocation

Préfé%ly%msalaelatfdnl ik cb@@toﬁff@ﬁ%ﬁc&ﬁftﬁé R8d@k ﬁ_folﬁﬁwﬁib‘hi thy/batiaktis to be
a suitable structural 15 Tfiller. The filler applied in

remioved. nbarmeeduiesyhasarabdinadeplexrdivlass tathssrtfacs: e debaligsting
ap?gé@ Sir(l)alﬂl E%'Dsg&u\a{ %Id %nfﬂrlee&r{acé Lleesrsel oF #egi]f; %?Cio %opcieﬁ tidsf: a Bﬁ%?/agcy

conveni ent arran r enp oy| ng

m&@ak, thgfltidenkRobBBe daadlllaﬁtlr@mvhnd@rad&mtﬂy $OON conndetegLio éhe fluid
9c. Fi gure 9c shows a cross-sectional view of th

inist o BthemeRde, typicailp de gesans af anRQVg nl hsthyraylie gvtinden10 ¥l
T
re&@ttﬁ:’atél tiendst8RGéthirathe aylhalee 0Dthedeb a‘klasm’ng'rcyﬂmdel’recslsmlﬂ& 2010.
Mot e Gl AR R RSt e B 5
thit B d&ﬂﬁ& n&lgﬁiﬂdfkg(?éné?ﬂ juBf aenehi@Bfgerand ext ends

e backpl ate 914c has a spi got
9 1 6 cInaar fiirenh gepabet, thegpresentiny bntivugioviies dnahtegrity monitoring system for

a buoyancy module, such as hereinbefore described. As the effectiveness of the module in

providing buoyancy to underwater equipment and structures is dependent upon the
integrity of the shell of the module, it is advantageous to monitor the integrity of the
module. The monitoring system may comprise one or more gyroscopes for detecting and

quantifying motion of the module, in order to identify whether the module has been
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91 Cc in the inner housing 906c into the cavity
bet ween the inner housing end 906¢c and the 25 outer
whowgiozggoend 908c. The spigot 916c has a bl i ndPCEOBR@B/004191
| ongi tudinal bore therethrough and a thread fornmed on
its inner surface. The backpl ate 914c and the spi got
916¢c are sealed to the |nner3ﬂou3|ng end 906¢, such
that the hole 910c in the inner housing 906¢c is
subjagtad-to |ag}ﬁ tmpewsmﬂr appidensaldrplingse Tiginfernutioheerspd tgadentify a

ed 30 into the
3908 oL REE b Pereriehdo TnreF mOL B8R e
out eAn hﬁbi‘hhﬁ@a 1@[?‘1%&86&&61{@@&6111@%@)1@@ et Afore Bpﬁdh‘? fibres
out er hou5|ng en A pad e 920c i s _provided

inperppFagedaintoying shells 9f the mpdue éumrrefehacmnw@ae aiethads of fabrication

N L R T

subbigaté ﬁamdrthamsélm very welliwi thg ireogerAda el ophst ;ﬁbté@&nﬂaaﬂe module
eye is secured to the outer surface of the oute
St%‘t}%? n§hesRicgbBlres Fetrnl e ﬁeaaléyléfoe}aaw cogoeraing 'the integrity of

thg gg@gfena greﬁadgéilgl Me%fo%%ag@ %aqgsclgga&g% spl fb'é utf% within the

sheH @if gt ltloldu'lhe)r outyere alttadmldng t@nﬂodaﬂanenmlelly ﬁoh aXample lby ngeans of a

ti cIo ure. 5 Th nmodul e of th
ROV: st onudRs B i SRS oo S GeenogRg system
which n$aydeSh@ftb %dt&@ﬁ}'} a R@&ﬁ%ﬁg ?ne%o&d]@ iSTRYuE aPtfhe tuB@erwater

present invention that it is able to wthstand
lowumo dt lauomfeqebleéhal lae m@?@e atodglegamogépredsit le'ﬁls’ismmedlately
ui prrent and structures at

tof R e B e Bt B e BRI o Al £ oy nat ] vel o

t he Ampsbired %ﬁn@hi‘t@lﬁﬁ%sﬁeﬁl dongrREHUHRABAE oPfnore gyroscopes
structures at an underwater | ocation, be it the 10

a@l@@P@fﬁalfﬁhﬁgﬁySéf@pl oyment or a locati on i nt er medi at e

e T BN 05 L S b a GO LA

lobatlonagtierd beoyaneltis @equiited O Efghiple® mchﬁi@ weid Wedter daeto@acy for
to assist with the depl oynent procedures. The fact

rigefra ternaERTRYOYAECY for asFiaanteds & instaliation o pthea sawament and
t
stﬁg%uk@ss bSfivufbattio oFattfor I?/S%%sg gﬁé‘uﬁ}%&g@u@wgﬁh ea&%ea%mme tqp tank

nt age over rror ar
bunlpardy foenetiedl kyif-sauding risérs e @xmplea bﬁ@peciﬁﬂklnﬂgrwdterkﬁ'uctures that

dlfflcult to sub f or povenment._ _under wat er
may ¢pploy brgvaRey m?gefﬁg as ﬁeaﬁ%e@ree@e%@dm@srw bg ﬁlﬁﬁé‘ﬂ‘??dolﬂ detail.
are t t
The et 6 G 11, tedie/ iy AR Ul oh B kit VLot ol or
suppovieg ipees Ialyoma'heseabachd unddmﬁaeer locsatmnmlemteaitlwlmhd arch, generally

buoyanc Vi ty h whi

injipied ot T, SoBB LR AR o Ul hieeh SapPE rogers 1104
cogﬁeck?@d fo@stheitht ttl%nptreé’p’écﬁ% End3DYHiRc jBHEYAINRY THE Shfsbri REmbers

20 depl oynment procedures.
1104 are arranged side by side in pairs, with the support members of each pair being
connected by a rigid triangular framework of tubes 1108. ‘The tubular framework 1108
accommodates a portion of an underwater pipeline 1110 which is being supported by the
arch at a distance above the sea bed. A rigid triangular support structure 1112 extends
from each support member 1104, to which is attached a buoyancy module 1114. The

buoyancy modules 1114 preferably comprise one or more embodiments of the present
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Once depl oyed, the. ballast is renoved fromthe
buoyancy cavity of the nodule, returning the nodule
W@ eookpsssioyant state. This may be done in a PCT/GB2003/004191
conventional manner by forcing the ballast out of the
nodul e using a conpressed gas,, such as conpressed air.
This has serious disadvant agggs. First, as noted
_above, it is necessary to provide the conpressed 25
inyefiom asheseinbeloreedescrpieds <\ acenidbugyancysnedulesel 114 are connected by
ﬁQ?Q@?%{@IiC pressure at the depl oynent depth. Second
it s hécessary to provide the nodule with two inlets,
one R@ﬂ'en{r%ftﬁ\ﬂigiﬁe 1 g, theat [agibwnandcaiteddsiph dfaticulated arch for
conpressed driving gas. According to the present
SUPROBHEIPEIES Abpres the aea%ﬁd aljewisTaier Ipeajions. mblgrdicylgted arch, generally

_ ) ’ ; . \
BB 080 B % M AT st
togethspe thdivespdcve aidsdydelzl jbasd 1129. TIO bapypacaindgiules 1124 act, as

according to the resert i nventjon. The deball astin
thﬁ‘é;?m MCHEM, @F girpgpura HAMbgES e dloxeven they Pébfﬁﬁ? pSgLongary

FEAE B PO ot W8 Pk 7 o AR o AP AR oy modules
1124 prefiraoly ¢dueprisetonp obsnoze @uipplmtnts gf IO REGAY D288, as
PCT. 2003/ Q041 30 beam 1006 ackets 1008 .are, . )
h%?l&()%@od%awo@ cH b pUpYEcy fis ok a‘lhféfreﬁaf %fﬁp%?@? Higpairs,
with Reh sadho foeacﬁgﬁﬂ b@fr@%ﬁﬁec‘f@"ﬂy‘%ﬁd fi‘ﬁérfgula!ﬂ Bl 8Ptubes
The brackets 1008 all ow t he ;ﬁgzratus to be lifted

128+ Thedvipiler figmewarkdh28 ascotenadatris a phéoneltsal undstviatey pipeline
R eS8 B SR ARG hIRD, A

tridh Sl supPYE Stridtur@ 119D gktehdl Mcth etdH @6&1ON124 e whydh ifdRiched a
assenbly 1010 has a fluid inlet for connection to the

mpipdypanary muinle! Bdd Thempain fuesanpemodules 1 Esprefarablyipemprise one
the ball i £hdr. 10 dul.e_ i.
oniropplicREheby of o MGMATAN M ST HhE AR sk Red o

biyatmedulédEl 3debatdnaséted by €y bairsdese.assenbly 1010 is
noved by. neans of a 10 hydraulic cylinder 1012, which
i s fRefCHgmaN fodigygildetherminsheyardariieulatpd frgss arch design. The

AR Bt Dafrionty o L B los g bl oRATRGE AR LY. e

tredseedhr dompristos sekzd 8f hdriwenthd bay poatsstriungrasdi d4 adadk comprifiag three

operated r ely froma_, vessel or_platformon the
gt heis, |1 L He PSSP ESBBORBE B e | chagdyaF S hesupport structures
112205 Y Eontér 3 Gure TRAVRYE s cehitdl 6 AA1kc SHAMR] kdthe pipeline

Fi gure 160 conprises a tre-in interface 1020 for 15 a
byROMamipyl 14Ri Ahpaieafitsioyirey applateatli§0 ae sepwedtoeiiie awgbort bars 1146

o B oS EALAR A0S BRBRLRLRVOR0 s 115
axtte%g%élgl@ :ag glt%iri(iés%t&givtggnﬁi by Hingé Rithts 1 M4 MPRHHr@ssTab @M 100l veill
comprise sufficient support structures 1144 and buoyancy modules 1150 to provide the
desired level of floatation for the pipe or pipes being suspended. The buoyancy modules
1150 preferably comprise one or more embodiments of the present invention, as
hereinbefore described.

A distributed buoyancy module arch is shown in Figure 11d. The arch, generally

indicated as 1160, comprises a plurality of buoyancy assemblies, each indicated generally

as 1162, supporting a pipeline 1164. Each buoyancy assembly 1162 comprises two clamps
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renmoved. For nodul es that are being depl oyed close to
the surface, the deballasting apparatus nay be

WG 2aowarssek on the surface vessel or platform TeRCT/GB2003/004191
debal | ast a buoyancy 20 nodule, the fluid inlet of the
debal | asting cylinder assenbly 1010 is connected to
the fluid inlet of the nodul#, typically be neans of
an ROV. The hydraulic cylinder 1012 is operated by

1 661 sqgursd ppibie gepeline f 16v; dneclainp disnoset #yeacthendoefithe AGEBbly.

which in.tur eci procates {h i,ston wthint ..
Bl irPabiE T GEstiBedis i Sl betatt fafgb 1840ty retaining
bA¥O N1 TRt RiEHreVIak éBSw S BEHbROYANY a&k@in'b?ﬂl@%ol’ﬂpﬁ@ﬂf aMfe buoyancy

fromthe nodule into the cylinder 25 through the fl ui
modples 1 i Rospavier.dawetgraueyh masales mgycdbesmpleyed, pnreguired. The

nal , t ] ti .0vide n

nirh 8 o BB B NG R 5 2B eRif 0B lormey
regUiedm@s off eHeqlipdlaleo Mhe BaSRINLPRBAuISS 11 68prefd a1y tyrapeSSone or

of the nodule _in providing buoyancy to underwater
mggg fuphAsinenth af hepresenfriaention ge pgmbaioredesaribete

i nt egri f (WORT

v DB I8 b€ 8 R er Bion SR E s deling Thglay-over arch,
gamerhlily éndiddted anHliS0psupparts y pipelinerh)82co aplistaee abeveathe v&d Iesd.

TR D RAIR2 e By B UIED S RBH EF Pk b T R supporting
cB@S 1986 NA WD AR, DABER S 1 BE LR 9%4&? e é§§6, to W '?hsis attached

subjected to any I npacts or accidental adi ngs.
a plnfaityraf humyaserednlesl 90dytmdans af hortmbutad sugyioctarsiad P2 and

SPe LI Tar TP LiF R RBR I B Py R B PR rregpor

sHERG bP RidafRbf i B (8 shbws BrRYUA)BcikBd B sk el d6cordhe tubular
the nodul e during f f

abrication.”  The nmethods of
framew el 88n The muwber dfhadyinsy siadblss 31 80 amuloyesp i degpnd upon the
o B B S BB B RO sty compri
erhBSIRANBEE BF tHPréenORyéfdh af hbfeRbefodé BeschBedrOdul €

structure. The optical fibres are enployed to gain

i nf oFigatei 13/ seorrcetiod-igpreinforispprogiing 3n widerwier pipdinee. The tied-in

' nt . f.or ing this.infao i
ol BTR3NS P {} 2o B e o
staictuae 20D, teppoftndmcitbeate eadledRP4. Aqsipainanube idxechRansthe cradle
of a 10 ROVY. The o&%ical fibre system can be enpl oyed

1304 yracang of slampe 120% Aderizenialhpedsnsingiubylar @Wp%strs@ture 1210
: . Lo TR '

ol S BN e of N LR 1905l oo

frahework 1812t Baoymdy heduks 1D tresedirad tol thahbdrizomad diygiosd structure

fol | oy ts.fabri | d pri to.its depl oypment.
bysTigPat S ot HRIGE ALy 101 O HLOS)a berHee SRS B BB eR:
st RO ol BRI HyAR O BRR shobwh)2REc1RA 19 Bl HodzofitaPiSvertical support

syste
structure. The number and design of the buoyancy modules 1214 is varied according to

the floatation duty to be performed. Preferably, the buoyancy modules comprise one or

more embodiments of the present invention, as hereinbefore described.

Embodiments of the present invention will be further described, by way of

illustration only, by reference to the following examples.
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The apparatus of the present invention may be enpl oyed
at any underwater | ocation where buoyancy is
WO eqpaiozssok Exanpl es i nclude md water arch buoOREFCB2G06/004191
risers, tenporary buoyancy for assistance in the
installation of other equi pnent and structures,
di stributed buoyancy for riséfs, and shal |l ow water,
| arge volume top tank 20 buoyancy for verti cal
sel f-standing risers. Exanpl &amblespeci fi c underwat er

structures that my eppl oy buoyancy nodul es a .
her N ABISGELUALEEY FGHIhere FE0AHb " SERS e an according to the

pr?@édﬂ{rés- sd&%ﬁ%é#&ﬁg}e‘to Figure 11 a, there is shown a
I rst gésign of articulated arch for supporting pipes

abovEhahedwWesabern aastembietewitabeth ituar and onter shile prepared from

cofsinfeas Topr PP spos BpALREE b - Shefjodules of
ESHBAGY T toPReRS éﬁeﬁalﬂ%usi@g'i'thé QRB6# fiBfkstand %}1&6] redity if (iR form of pre-

_respective ends by hinge joints 1106. e support .
impeegneted fibteminstripsdpreamezsd $heleentpjnisg gwdiles Fepre Brepgiied Bsing

t he. support nbers .of each [T i nnected by a
AR P TRL o s % O PR BE GS9™ et bbur ar

f r ameywtkdlldPReregRERRBINNAIRS @onpiasltle@h 6f 8@0Mmm. The modules

underwat er pipeline 1110 which is being supporte

d b
wetgsubsiandiallzeylindgical added flsbeadsondosethe aner and pigy ppuisings. The
B Sy UEP U S ARSI in
lefigd ubeo tbiy withlode ifnes yiesilcheinpiduhespdrkid optief mamdibly Example 5

conprise gne or nore enbodi nents of the present WO .
WIREPHSBBIDE PEYP BRID mssd@bgwg&na@@&ﬂh%m i, fregg Which two inner
i e 2 ib [¥-Yo | .
SHBE SLIbEL e SN eradehingial QURIBNC Ko A Ly o
shielis atelvaruadion asholwurdt mewdrelcit dessage tofie, doit dxenlplt Bdwandoly a

KW e I e
| ndi &%ﬁgt%%g filtdZyert SABIJySE STRe Rdddyedhd %l ust%!ri] A BR4:Bples 1 to 4

buoyancy ules 1124 connect ed together at eir
wasspdon heeeyeordb (Nymbk,M$éeinol appsox I 28n (6 iusiisiveyex Hexcel).

EPIRlE S arRIowa ab areiggh Aoy oS B R bR S petygp

E£d4#8 6 b hpPdyeR aQihhid ivig cloanBIaSHE @s BHe shuetipdl €ilet. OBk digples 7 and 8
arch structure. The buoyancy nodul es 1124 preferably

wergpperiasesl using asolidodyesiehtadinnfilier §BioResin 148y esHaxcel). Example 9

e L S T

CbmposieslUiy. of each pair being connected by a rigid
triangul ar framework of tubes 1128, The tubular _
f r andWisHRLY Pf 20y angles weseiamployed when Waning thg Aibpssges ipdicated in
T%Jl% I?,S\!tvglﬁ ’([:heejfa :}gsvﬁgﬁ'tl%gogrgdaﬁb gg'lgca}le" E}ng P%ﬁiﬂltp bf fag}grs ,aéflgd"asq}ldlcated.
The surface of the inner and outer shells was treated where indicated with peel-ply

tape to draw out excess resin from the shell, in order to render the surface smooth and free
of voids.
The details of the modules, their dimensions, configuration and manner of

construction, are set out in Table 1 below.



triangul ar support structure 1132 extends from each
to which is attached a 15 nmai n buoyancy

woreauiozssd134. The nai n buoyancy nodul es 1134 ppref/eBamBP04191
or nore enbodi nents of the present

nmodul e 1124,

conpri se one
as hereinbefore described. Adjacent

i nventi on,

buoyancy nndules 1134 are cor¥ect ed by tie bars 1136.

Referring n

wto Fig

re 11 c,

there i s shown an

Eammpkulﬁﬂbd

a seri

es of-

t r WKerar gh LagsAmgle ofThe Nor ofs
oNoer al Typé' ndiiekeess asFibiésGn Shells u ppess fong
under wat er FIthﬁ@p 1142. The

hori zont 4

2@

I support st

tr9neH ar
ructures

ar cWall
tifickness

ChofSHepr i

114thmpac

Mandrel
ID

SGSOnnO
h

cqpprl
shown
11 A4A

SL@ L

nTeq;sSup

|n |cure 1c hg%%gﬁﬁgég;jcgigépggrt

he ar

apgesrnt

(%teliJ %t4“ '

Inner: 200
es

support
1148

o

A _pair

IIC \J IIL CI

1146~ at t g
of hunv

Jﬁ%ﬁ”%%ié he

#des

VIIIH LIS

1
e e

:200

the s
by ne

UpdgEt

ns of

bar 451144 Inggr: 5a8A° sygpert2 st r

straps 11

FuterAdyi-£SEnt

Mutey &ncy

: 200

1160

hi nge
suffic
nmodul e

enbodi
descri
shown

b&%yancngnc

29H@r 4
| oi nt g
ient S
s 115(

at t&ched Iatert Hei8s° r edpest 1 e
1154. Thembrassnear ch Gukd© 2w |

upport st
to provi

rngbn AR 5214
dgqtheredes

4 and bud
red Ievel

dnals: by

lowener3 s

yancy
of

:194.2

ment s
bed.
in Fi

[

30 A distr

or—tlyepi
uleslg 115
of the pr

ure 11 d

I8 &b

% +??L%%§b| y

ventii
apd e/t h

@Lﬁ@

rlse
incy nodul

Il%e

ec?%%?ae?r ]

e arch is
i ndi cat

12511

d

as 116
each i
pi pel i
two cl

0 CHEo 1]
ndi cat
ne 114

anps \

pri dés a

\O 2004/ 02

ed gener 3
4. Each b

oy&
ghueratt 8§° of]
|angl +/-ak5°1 164
Oyt ey 838SH

8882/.PGF/ GB2

8s
enerally
Iheesyhncy
,Oweppor t
nbly 1163
003/ 00419

lasesepBl i
iOwgem 2.3

conpri seg
1 33 11§

dyner: 243

S
6

Segur e
each e

attach
retain

dgp t
nd of

ed to
ing |

v 116

)

he pppel
t he assern

and ext ern
ars 1170.

2 hnwnm

MRnek:-PA g50N§

%ﬁ - foyar

ot
.amq?” o

ee- b

shows eg

%&9&9@ 481
8 ar

oyan
Hulac 116

Inner: 201
uter: 250

Cy

SO O Tt

requir

enpl oy
t he pi

Smev
ed. TH
ed is

|

h

pel i ne.

ler 8P nor

e 5 nunbe
det er ni ne
The bug

rang /4330y ang
dOuser: tthe85Bug
yvaaday- 388dul €

r| doRRst 83° iy BRSTehp

nyanC\I !r‘
| g
Wuers 8l
yancy rée
s 1168 pr|

L

dAZ enment
ef erabl y

Inner 201
Quter: 250
of

conpri
I nvent
a lay-
| ay- ov

h

SEFON4
i on as
over 4
er ar ¢

arch for

or 20N0r €

her ei nbd
q

3

h, gener

Iende0€l gent g
faane/asscri k

Ioferihe [
) @Siteri QU

pi pel i ne.
ed as 118

e

o

esend.52
Qukdr: € sh
sTqe

0, suppor

Inner: 201
Qter: 250

ts

haord

G.IJIIJ
The

1184%@\6/' %

nexcPmb;

IIIIC

e

J.UL al

1182

&

éﬁi@ts

€t tarce ab
in tub

FPen

Ve l IIC

Zsofid b

Sea—10uet:
ort
glymer

1
L

" Peel-ply applied to surfaces of both inner and outer shells

Table 1

HE

pglnded foam

Each of the buoyancy modules of Examples 1 to 10 was tested for resistance to

external pressure in a hyperbaric chamber.

Each module was placed in the hyperbaric chamber and was then subjected to

10

increasing water pressure, to simulate the hydrostatic pressure of underwater locations.
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cradl e 1186. A tubular framework 1188 extends fromthe

cradle 1186, to which is attached a plurality of
whewyarssy2 nodul es 1190 by neans of hori zontal BCPEBRGE03/004191

arms 1192 and straps 1194. The arch 1180 is tethered

to the sea bed or an underwater structure (not shown)

by nmeans of |ines (not shown 3or cl arity) secured to

brackets 1196 on the tubular 15 framework 1188. The
Thuprossurieftidpudytbndyrnrhsd wie somm@mceérimromemaﬂy Flomgaspleignet to 50%

onthe b ment f e arch. The )
A e A R B e SR R Do R e g fruagngminat
i3k té AW hSSHIMI tink d%?%hd&ﬂt AspdiReLoHMNAe hdaleds veéirkad be monitored.
Figure 11f shows a tied-in arch for supporting an
undebugsessfulsopwldtion of pressurization o thepeH, degignaressiny was followed
i ndi cat as 12 C r
b3f %{ﬁ%‘e}l%ii rpers)% ggﬁn ttrﬁgc %n?l%er%ﬁﬁgfah{n%ac!titﬂ %ﬁgﬁg% Qfred. A

fadteFee baglegs He26if defing paditheethd Eﬁ)tﬁstt@hﬁﬁﬁﬂm%cbﬂtﬂe ﬁnb&ule
cradle 1204 by means of clanps_ 1208, A _hori zont al

ghreallarser wmorgws ebthe sispptieal ieErity 9bthogne dtiiSafing i  loss
oF L i D6 sidge R aﬁ%e yaRpert structure 1202,
% gﬁeneg ﬁ%l ) '

reng angul ati on framework 1212.
Buoys¢isyrsmostel bmplo;zad;h the dysebaricachatnbet drel the madalt talmonitor the

upport structure aps 1216. The tied-in _ar
bR cpressirdtadm 56 PR BB B AhBHb e D iR Bimogepessue

ofsthé Uﬂ{o t#4f Gir ﬁ‘l@fl vSTAOH th@¥tr%nh REShd QfacS MBI ﬁltetlﬁ‘ﬁ‘é?%ﬁd bBter shells

rizontal or vertical support structure.
oftbebmdulend desi gn of the buoyancy rmdul es 1214 |s

varl acco rdin t e floatati

or t SRt Greah yodiiearas qop e arburdineo npliouine
proB&iugs: nore enbodlnents of the present invention, as
herel nbef ore descri bed. 30 Enbodi nents of the present

i Avehogabre of dehsdyeufput rdadmge &y dritiblapndisipngtakenfor 15 seconds.

L B B el oL

Exxanpt €359 sralekies pRissiy ayRItEysstiedul es were prepar ed
with structures and according to the procedures as

descr i 1BedUndbieeching desitsd prassurgerecosdins ebthsgenior Rutpyt was taken

| nner an d 0_,?}{8 St %H? | b&u%e%@caéh%g%ésrog%e %Pgrasrhgﬁ gﬁe;ré Pef.ﬁr%led using

(T700, ora and epox
modul es oinwﬁmﬁa@fes 1to 3 were prepared usi ng the
carbon _fibres and epoxy resin in the forn1of pre-

i pi egifat 88K 4 BYBECS 4 PEISFITRE Spead IpEGEE O tjqesensor output was
remai ni B33 sYkEs PUBRAIAL URhOS of thOIS: shell were recorded

i mpregnated wth resin at the ti Icating t

shel I s. Timngmduahemeteer e prepared having a nom nal

engt h Of ?tgro 8 rqlq;lut;:rshgc pggsgllfrle %Ssecond recording of the sensor output was
taken for 15 seconds. Volumetric changes of the inner shell were recorded
using a manometer.

d. After 12 minutes at pressure a second recording of the sensor output was
taken for 15 seconds. Volumetric changes of the inner shell were recorded
using a manometer.

4. Pressure was increased by 5% of design pressure and the procedure outlined in (3)

repeated until 50% of the design pressure was achieved.



10 were substantially cylindrical and had flat ends on

both the inner and outer housings. The nodul es of
wex@apkess2 1 to 4 and 6 to 9 were prepared usi NPCEHGBR®3/004191

unit mandrel (nom nal |ength 1000 nm, wth one inner

shel | being fornmed per run on _the mandrel. Exanple 5

was prepared using a two uni 87mandr el (nom nal |ength

2000 nm, fromwhich two inner shells could be cut.

GéneTld procedargofdd) was sipritedat 2.§%0chcrements of desighpressueciuntil

when qw%k#@a"tﬁ of 15 shells are wound on a

mul t 52 WPS QGCUEY ‘same tine, for exanpl e by

wi nding a. single tube and cutting the tube into a

plurality of portions to formthe inner shells. A

var i ‘Eagregilisiai] Ithfehsg) erharie testiAro ye @ut Ithkabloh bglowniyithivalugs for the
5 < q?c#@ferg%g%f (r)r%( e?xe%l /ni%ﬁffus} 01?<¥quilfgre%8gles)ﬁ%8%)(a%§%ﬂa¥ strength

glEeqﬁfm IbethSnedRne Yatk: amsual(imnbmwm) honeyconb ( 83 kg/ n8,
approx 6 mmcel |l size)

al undhg Eiharecmlﬁn@ﬁrmtwgﬁl&@h@rh @r{gﬁ)rqf élﬂ‘iﬁhﬁ Is WaF ﬁ@tﬁnmned using
«FERIBLED, © Al 4L PSR G P B8l g oy matn. T

rebdampt ;dRatedds TableRafoetothithdinaer @xpanaahbtls @peyyukdafcach

filler (PBGOO 600kg/ N8, ex Sicomn Conposites UK). A
10 modlp&ssipdof 1 ay angles were enpl oyed when wi ndi ng t he

fibregpy s[&gé ﬁ%(ﬁgaté(f‘fog Phe'RBfle Wthé fEQlI@h feié éﬁ‘ﬁ’ent was

bei ng wou I'n each case in a p ura ity o
repbatal, a\athnndnlstanadltatloma tumbdide. dhe tdselts fonéhre hﬂuireqmssure in

shel I s was reated i ndicated with peel-ply tape

bl T ds e (g dag et FORETHD. shel | e ordor { o
render the surface snooth and free of voids. The
details of the npdul es, their dinensions,

15 conflguratlon and manner of 30 construction are set
TFTabhla 1 A\ AD ')f'\f'\/llf")OOﬁ') D, ')f'\f'\" NA1 01
uut T 1SAAA VQ IZ] AV 3% Mew o .
Sple ol EVE, || BERhmEgentia) AL o CREWSTHERaR) | Axial | Failu
Mandr glpiditiodyPe* Mbagieess ﬁola in 3@# tH ay e Stréflsth | Presst
thickness ID (pm Shell of Shell (n 1 HGQ 15
I nner:| +/- 30 Iphner:(G®a)nner; @B nner: (M) Cutler(MPa) | (bar
+=—75Cut 10—Cuts 542 B8 tHmet H=—25 ‘
IHner: Zﬁﬁﬁﬁ%r: 2.6ﬁpﬁﬁér: ZOOﬁh%ﬁter: +%Ugg§ Cute|2t79/88 67/6:
1G Qutler :50%5 12/97 23/8 162/325 249/94 | 71/
3 50/59 11/43 42/7 173/328 328/111 36/3:
4 57/60 72/66 8/6 283/166 40/80 100/11
5 55/57 56/71 37/7 335/254 266/140 | 28/3;
6 56/55 42/28 54/49 198/171 330/268 | 64/6.
7 65/65 57/63 29/27 161/261 174/136 | 275/1
8 61/65 66/60 24/19 190/121 180/159 | 115/1:
9 58/57 73/59 24/14 148/168 207/159 | 229/2

* . «
Tensile modulus given
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3 HC15 Inner: +/- 30 Inner: 2 Inner: 1.3 Inner: 200
Quter: +/- 65 Quter: 6 Quter: 3.3 4 HC 8 Inner: +/- 85
WO 2098/028892 | nner: 3.6 lInner: 194.2 and +/- 60PCIGBR003/004191
24 Quter: 6.3 Quter: +/- 85 and +/- 70 5 HC 15 | nner:
+/- 85 Inner: 2 Inner: 1.1 Inner: 251.1 and +/- 30
Quter: 6 Quter: 3.2 Quter: +/383 85 and +/- 50 6 CHR 15
Inner: +/- 85 Inner: 4 Inner: 2.3 Inner: 243 and +/-
15 Clheresulés subwrin Tabld 2Qudiests that emBodinsmek of/the ﬂx&s&lt SRention
20 Inner; +/- 85 Inner: 8 Inner: 4.42 |nner: and
arg capable @f reiptingdiyerrsiatic pegspwie at gepihs o plgpst 3+900 restr% (@pout 9,000
&@ﬂq +/- 33 8 SP 20 Inner: +/- 85 Inner: 8 Inner: 4.42
Inner: 201 and +/- 33 Quter: 8 Quter: Quter: 250
Qut eAs dedcrib8&bamtl ek2mphified Abova3the appar2iis bfitherpresent ingéntion finds
Inner: 8 Inner: 4.52 |lnn 201 and +/- 25 Quter: 10
paafioulf useygt feansef PrETiIBIE bugy Ayt e AR IORpOns g Hovigger, as
nO'te(h Qﬁ@éﬁb‘ﬁfﬂ?us ﬂd' Tm’dsq}g@ Qé"&ﬂ er[c'ld’bgre @Phcusﬂ@t ﬂr@ssﬁf& SerEitive
= expanded foam ** Peel-ply applie o surfaces of
eqnmmentmwmcvéarb’ inwndervateslocatisnsT al‘ileedala Ehoht above blzow that the

;;n:”"ﬁap%%fe 1 uilor T PRI EDu Pt s R pb PR BREhCl substanta
er

The specific embodiments and examples of the present invention have been
included for illustrative purposes only. Alternatives to the specific embodiments herein

disclosed are also envisaged without departing from the principles of the present invention.
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Each nodul e was placed in the hyperbaric chanber and
was then subjected to 10 increasing water pressure,

WO eoogiopashat e t he hydrostatic pressure of under NL/€B2003/004191
| ocati ons. WD 2004/028892 PCT/ GB2003/ 004191 36 The
pressurization of the chanber was commenced
increnental ly from anbi ent t3%0% design pressure. At
each increnent of pressurization the pressure was held
for a nomnal tine to allow potential tine dependent
responses of the nodul e toﬁﬁ@@ﬂi and be nonitored.
Successful conpletion of p § zation to the 50%
desi gn pressure was followed 5 by increnental
pressurization of the chanmber until failure of the

Lmodulgpareius farguovidingfanienclosurefn lokatians dd ek vatsd prassire, the
defined as. either the catastrophic failure of the
aP}P&&ﬂBHlSeCOWW%h col | apse, or conprom se of the
st 1 Ugd fuh@ hob$ihEeinhpr¥ingfan idier Aol LAl the obfosthd B8 housing
of external pressure bearing capacity. Sensors were
etslgpl oyed in the hyperbaric chanber and the nodule to

o s G PGS a0 4 i e

hotelngrepdpr essure of the central air filled void, and
the strain_on the surfaces of both the inner and outer

shel ths inner hewsingypring dispossd fipbnw ithinitheyower koysmgnihgdnner and outer
' [ i d ,
RS AEL 0 ARBR P ARl 10, P Ore S

conda strengral filkerrwifion thkaseyr ettesling Betweactheaser housing and the
. hydrostatjic pressure to 12, 5% of, desi pressure. 3.
Inagr hopsing, e S@@%Wr@ ﬁﬁ?réggmnéﬂm RlupHpc spaced gpartsipetural
m[eﬁ%%'f&&rﬁﬁﬁh&ﬁ%st%s?ﬁ%& %aﬁ&féﬁaw 2Giofs ofllB@i Ps@¥ace of the
out put was take for 15 seconds. Votfunetric changes
owér Hdusing i evrrsspehdingwrased gmot eidnsisf thg ouRP saface of the inner

manongter. b. After 4 minutes at pressure a secon :
holREgy Bieue ) R DERS PR s WAt 00y AR Eie POt he cavity
o8NS tho@hiRilier.changes of the inner shell were
recorded wusing a nanoneter. c. After 8 m nutes at

pressure a second recording of the sensor output was
25 taken for 1

5..seconds. . Vol unetri ¢ _changes of the
2. e f berdRat BRIl WA S S RERRap 6o b iy s them
5002 ofitHRWoREn@bf Bk St Rcapis€B P shasmrlifingr.of the
sensor out put was
3. Apparatus according to claim 2, wherein the structural members occupy less than

25% of the volume of the cavity occupied by the structural filler.

4, Apparatus according to any preceding claim, wherein the structural members

extend circumferentially within the cavity.

5. Apparatus according to any of claims 1 to 3, wherein the structural members

extend at an angle to the longitudinal axis of the apparatus.

6. Apparatus according to claim 5, wherein the structural members comprise a -

honeycomb material.
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taken for 15 seconds. Volunetric changes of the inner
shell were recorded wusing a manoneter. 30 4. Pressure

woer®4iozssprased by 5% of design pressure and t hBCT/GB2003/004191
procedure outlined in (3) repeated until 50% of the
desi gn pressure was achi eved. WO 2004/ 028892
PCT/ GB2003/ 004191 37 5. The‘ﬁ%ocedure of (3) was
repeated at 2.5% i ncrenents of design pressure until
failure of the nodul es occurred. The results of the
hype ric tests are .set out i.n Table 2 below, wth

Toal caBRhs i nd iR 6 Whort B Aoy oria il S hytymer
nodul us, circunferential strength and axial strength
given for both inner and outer shells (inner/outer).

8The APparatuyateordingiaeleinf, wigesthoronersamb isfalyminium.
shells was determ ned using acid digestion, to
determ ne the carbon fibre content of the carbon

9.f i br apepey acmidihy to dihien 7, velsditih Shelicheludhls Rtrgtbr. N
Table 2 for both the inner and outer shells
(inner/outer) of each 10 nodule tested. Failure

1pre Sﬁ?}?{%at’ﬁ a&&gdiﬁgioeﬁltyf ogrclathﬂg f11 MDY W, ferBfh il a8 8ers are of
exper nt was reépeated, wthout’ rnstrunentation In

art Recanpchulifigurafion. resul ts for the failure pressure in
both runs is given (non-instrunmented/instrunented). 15
Exanpl e FVF Circunferential Axial G rcunferentia

2 S RO ISP s o
tub@ad 23 14/7 216/ 106 279/88 67/6: 2 50/65 12/97 23/8

162/ 325 249/94 71/7, 3 50/59 11/43 42/7 173/ 328
328/ 111 36/3. 4 57/60 72/66 8/ 6 283/ 166 40/80 100/ 1,

12 55APdaris hdchrdidg 1o Adial 2H4vReHN BtQtrdBiuRsl m&Entn®d SRend helically
42/ 28 54/ 49 198/ 171 330/ 268 64/ 6: 7 65/65 57/ 63 29/ 27

are@wyd the lonprudingbaxpy within thgcayityes5 66/ 60 24/ 19 190/ 121
180/ 159 115/1: 9 58/57 73/ 59 24/ 14 148/ 168 207/ 159
229/ 2

13. Apparatus according to either of claims 11 or 12, wherein the structural members

are circular in cross-section.

14.  Apparatus according to claim 13, wherein the structural members are tubular
having a circular cross-section and contain a pressurized fluid in order to pre-stress the

structural member to resist compressive hydrostatic forces.

15.  Apparatus for providing an enclosure in locations of elevated pressure, the
apparatus comprising:

an inner housing comprising an inner housing body and two opposing inner housing
ends;

an outer housing comprising an outer housing body and two opposing outer
housing ends;

the inner housing being disposed fully within the outer housing, the inner and outer

housings defining an annular cavity therebetween; and
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* Tensil e nodul us gi ven WO 2004/ 028892
PCT/ GB2003/ 004191 38 The results set out in Table 2
w0 paiso288¢2 t hat enbodi nents of the present i nveP€T/6GB2003/004191
are capable of resisting hydrostatic pressure at
dept hs of al nbst 3,000 netres (about 9,000 feet). As
described and exenplified abdle, the apparatus of the
present invention finds 5 particular use as a neans
of pa stwmictiiralyfilberoyite theataviinebdenwbirgbetivoemthie @nter housing and the
. However, as noted. the apparatus _.also finds.use as _.an
ingReroysaizeltE SruliseL N Orecaniee. Caraide b SeRi R ot
reRi@bid pak@r |y in underwater |ocations. The data set out
above show that the apparatus is capable of housing
and protecting pressure sensitive equipnment to

ubstantial depths. .10 The .specific e rent s and .
1§y anPoise G actEBhe BLah 15U e sy E Bl S P A g resin.
for illustrative purposes only. Alternatives to the
specific enbodi nents herein disclosed are also
I'’Bnvi Apppsetuppedesding theglain 1 hgvicranihoresipis npelpesser refint he
present invention. WO 2004/028892 PCT/ GB2003/ 004191
39 CLAIMS 1. Apparatus for providing an enclosure in
18.0cahppurstu® hcdkdivgteeaipi €661 E whken tHe raginab@biises a solid filler.
conprising: an inner housing conprising an inner
housi ng body and two opposi ng i nner housing ends; an
ute [ | Sy : [
L paPPaEt AR ARl W01 & T RIS IncHONS Kt RSN dnhount
sufficiog tdiraimos €t feak byrivg tetnparatite obtht eesilnousi ng, t he
i nner and outer housings defining an annul ar cavity
t herebet ween; and a structural filler within the
2¢avi A}){%ﬁﬁhg Q@o%ﬂﬁg% WBRP of N8nRUIRES 190WALRILARid A comprises
I nner "housi ng, structural filler conprising a
frodnud0ab i70% of weightaefdhagtardtursk fillert ur al  nmenbers for
transferring stress between spaced apart regions of
the inner surface of the 15 outer housing to
2€0r I REPARE BEoRRAS RFCIARALH, WIREHIR AR Bfid tller thSises from 20 to 60%
surface of the inner housing, the structural nenbers
byoweightofribe stewntureh@ter60 % of the vol ume of the cavity

22.  Apparatus according to any of claims 18 to 21, wherein the solid filler is a finely
powdered chalk.

23.  Apparatus according to any preceding claim, wherein at least one of the inner
housing or the outer housing comprises a fibre-reinforced matrix comprising one or more
fibres extending helically with respect to the longitudinal axis of the apparatus, each fibre

extending at an angle of from 25° to 85° to the longitudinal axis of the apparatus.

24.  Apparatus for providing an enclosure in locations of elevated pressure, the
apparatus comprising:
an inner housing comprising an inner housing body and two opposing inner housing

ends;
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occupi ed by the structural filler. 2. Apparatus

according to claiml1l, wherein the structural nenbers
wo@eaMdpsshess than 20 50% of the vol unme of t hePCHGBROV3/004191

occupi ed by the structural filler. 3. Apparatus

according to claim 2, wherein the structural nenbers

occupy |l ess than 25% of the“olunme of the cavity

occupi ed by the structural filler. 25 4. Apparatus

ac c onbuier ltomsiag goppasied amguict housingtoely@and twd epposing outer
hstruc%anal menbers extend circunferentially within

et y. 5. Apparatus according to any of clains 1

t 0 3the WiRF RbubitdWeisd didsdsed alllyRimtig ife ot iNEing! th8Mner and outer

angle to the |ongitudinal axi's of the apparatus. 30 6.
howsings defigng ae enrdilargavity derebatvsendmdr ei n t he struct ural

mor CeB IR HIeR §uithin HROSVRE TRl E8d R ken o fRY B Rfa the

infler Wheihgi N the honeyconb is netal or a polyner. 8.
Apparatus according to claim?7, wherein the honeyconb
i s adtdeAshoneaf the mmepgysingtog sheberrheupige comprigingmpfibre-reinforced

r r s
PSSP AEOPHERTLS DR i AL A o e ongiucinal
ax3$ ot apratns rhel Sbrafertenflinganad apdaod £omf25¢ o $8°ito the 1d0gitudinal
11. Apparatus according to any of clains 1 to 5,
axphefBp APRAEYSt r uct ural nenbers are tubular. 12.
Appar atus according to claim11l, wherein the
structural nmenbers extend helically 15 around the
25.ongAppetatnsbhccardisg wi dithienof dains@3i dr24, Wilereiypgah dibresextends at an

according to either of .claips.11 or 12, wherein the
gl St 5 Rt B 1Sheate el Biadr £ st cect fon. 20
14. Apparatus according to claim 13, wherein the

structural nmenbers are tubular having a circular
26 osAppaaius asvorthulg toorlaiad 265, avhsreas saphi fihwel cXtiendscat ian anglderf from

£-stress. . the. structural nber to resist
4%3?\‘5{)etgilitl?/]g’nﬁ’)s‘ﬁd;%a&taﬁ{siOg&feoarp@%@.usl5. Appar at us for
provi ding an enclosure in |ocations of elevated

ressure, the . ) _
27.  Apparatus according to any of claims 23 to 26, wherein the at least one of the inner

housing or the outer housing comprises a plurality of layers of fibre-reinforced matrix, one
of a pair of adjacent layers having one or more fibres extending at an angle of x° to the
longitudinal axis and the second of the pair of adjacent layers having one or more fibres

extending at an angle of 360-x° to the longitudinal axis.

28.  Apparatus according to claim 27, wherein x is an angle in the range of from 45° to
65°.

29.  Apparatus according to claim 28, wherein x is an angle of about 55°.

30.  Apparatus according to any of claims 23 to 29, wherein both the inner housing and

outer housing comprise a fibre-reinforced matrix.
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25 apparatus conprising: an inner housing conprising
an i nner housi ng body and two opposing i nner housing
wE@nag/0282 out er housi ng conpri sing an outer hoRGT/G§2003/004191
body and two opposing outer housing ends; 30 the
i nner housi ng being disposed fully within the outer
housi ng, the inner and outer 43housi ngs defining an
annul ar cavity therebetween; and WO 2004/ 028892
31PCT/ AR20884 8@4iddg toddhyaf staims £31tca?0, fitiekan thei fiire-meinfoeced matrix
cavity eg@ending bet ween the outer housing and the
COMISES HBUYPHY " Re structural filler comprising a
conti nuous, substantially void-free resinous phase. 5
16. Apparatus according to claim 15, wherein the
3%t r ubpparaiiis a¢cotding oy rof skema 23 &3 h whetein thgppwroammege fibres of

accor di to claim1l ereint resin.is
o SRt Sy s B MRS PR 6B m 16

or 17, wherein the resin conprises a solid filler. 10

19. Apparatus according to claim 18, wherein the solid
3% | | Apparafupaccorheg joranapregedingiclaizy wherginehprotastive Miyerextends

p ' e of the resin. 20.

"&gg%#E@%§8§%%§§E$%§B§@§%¥§%er of clainms 18 or 19,

where the solid filler conprises 15 from 10 to 70% by

of the structural filler.

wei ght 21. Apparatus .
3%accoPRRFIYUE BFCOrdRgioxdaimydie FeiCFPIR Hi PERleriey erlayqr gpmprises a shock
abSOiRAt 1355 8ﬁfzagéﬁt f\xge SR Do HE DA nfsighe Structur al

paratus according to any of clains 18
to 21, wherein the solid filler is a finely powdered

chal k. 23. par.atus according.tq a recedi claim,
35<Aher‘§PP?r%ltPS @9&3 ing ierlgim havicrsi e SH%%@?%@%&P{H%H COmPIISes a
foRMLfa HAREIoR AAERAI Ses a fibre-reinforced matrix

conprising one or nore 25 fibres extending helically
with respect to the |ongitudinal axis of the

pparatus, each..fipre extendi an angl.e of from 25
3¢5 SR EPBER R Rhe TR &F 655 Mo R b4t et
cobRRRERA Heidf RfterRfiRy. di ng an encl osure in [ocations of

el'evat ed pressure, the apparatus conprising: 30 an

i nner housing conprising an inner housing body and two
379pp0}§1|)1§]agatlusn Qc%()rcﬁr?éj & d8m 36, wherein the rigid outer layer comprises fibre-

reinforced plastic or metal.

38.  Apparatus according to claim 37, wherein the outer layer comprises metal, which

metal is in the form of one or more strips wound around the outer surface of the apparatus.

39.  Apparatus according to claim 38, wherein the one or more metal strips extend

helically around the outer surface of the apparatus.

40.  Apparatus according to any preceding claim, wherein the apparatus comprises a
third housing, the third housing defining a cavity with the adjacent inner housing or outer

housing.
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ends; WO 2004/028892 PCT/ GB2003/ 004191 42 an outer
housi ng conpri sing an outer housing body and two
wopEaseesg2 out er housi ng ends; the inner housiPQI/B82003/004191
di sposed fully within the outer housing, the inner and
outer housings defining an annul ar cavity
t herebetween; and 5 a structdfal filler within the
cavity extendi ng between the outer housing and the
41i. nneAppapatss mgordidg loaag prapéingtlamhewhemimra thokisiad gs disposed within
the outer housing conprising a fibre-reinforced
theierior of rednetinegsiB&e or nore fibres extending
helically with respect to the longitudinal axis of
t he apparatus, each fibre extending at an angl e of
42 r orA@fardtos &sotding toecldiondyi, hetenathe idier Arigngortprises two inner

apparat us. 25. aratus acc [ o.either of .clains
hoggihgpomps GhgiesioH g ag ROpih ?‘él%%%%&ﬁ@ﬂ@géﬁmsa |1gtegpr of the
inh&r ML Ae LOnbaedQrit@elj@ngi t udi nal axi s of the

apparatus. 15 26. Apparatus according to claim?25,

wherein each fibre extends at an angle of from 45 to

60 tp the longitudinal. axis.of .the.apparatus. 27, .
RS O Tamay Yttt IR AEREE F B S ctlingr ap joner
hdubRg@hd @& iRRE hehsihigBody RMulHRES béiflg 86nicbRd ! R inner

housi ng conprises a plurality of |ayers of )
hofusing suehethat, i he¢veniof picakowaler ogerdng He paparalys isevsaddatenter the
igg%egftgav%9g19qg gy nore fibres extending at an angle
nigfrop of the et AONSIE i nal axi s and the second of the

pai r of adjacent |ayers having one or nore fibres

extending at an_angle of 360-x to the | ongitudi

nal, .
4axi sApmmgatupgsartRg® YOS eIyt B 43, arherey theiddisadisa compliant
b8, 6 9o ErcC of B8 LORBUR, Sing SR e BEMER petpoen the
budtheatl and tHeGnns3Boudpparraduesdaccor ding to any of clains

23 to 29, wherein both the inner housing and 30 outer
housi ng conprise a fibre-reinforced matrix. WO
4520044 éﬁ?a&@di%%@ﬁp%%reﬁ%e%m f ttkSbulkhead is
according to any clairnms 23 to 30, eréein the
prbvideé by eperfunescedhatmtlkliced. conpri ses a pol yester resin.

46. A method of preparing an apparatus for providing an enclosure in locations of
elevated pressure, the method comprising:

forming an inner shell;

applying a filler to the outer surface of the inner shell; and

forming an outer shell around the outer surface of the core material.

47. A method according to claim 46, wherein the inner shell is formed by winding

filaments onto a mandrel.

48. A method according to claim 47, wherein the inner shell is formed by successively

winding a plurality of separate layers of filaments.
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32. Apparatus according to any of clainms 23 to 31,
wherein the one or nore fibres of 5 the

w0 pivne288e: nf orced matri x are glass fibres, carPOnNGB2003/004191
fibres or nylon fibres. 33. Apparatus according to any
preceding claim wherein a protective |ayer extends
over the outer surface of thé&5outer housing. 10 34.
Appar at us according to claim 33, wherein the

49pr ot A ateithoel dcagrdingdo kinim g r 48 sWbarkin thbh swmebshet], drpgdormed, is
adj acent the outer surface of the outer housing. 35.

cuﬁﬁ%aratus according to claim34, wherein the shock
absorbent |ayer conprises a foamor a honeyconb

material. 15 36. Apparatus according to any of clains
5033 tAnBShodurerding to hay pf deistt46te aybereircihapillesisdogded to the

rigid out | ayer...37. Apparatus according to claim
O“%%“%ﬁcéaroefi%ﬁem ﬁhf]éi d outer layer conprises fibre- 20

reinforced plastic or netal. 38. Apparatus according

to claim37, wherein the outer |ayer conprises netal,
5lwhi oh metadedccprdingfo wap of eJpimso t@r%, wherngsy the difler jsapplicd as
la\/\osugfj gour%griglhe outer surface of the apparatus. 25
%35 A@@gﬁ%&us according to claim 38, wherein the one

or nore netal strips extend helically around the outer
surface of the apparatus aratus according to

_ . 40. Ap
52any fimedieas argordIng tﬁ]CIWérleWHerteH’etﬁﬁ sy hgaeycarmby Fargigated filler
I [qd ' hird housing defining a cavity
Ina?%ﬁ’?E%H%%?%ggﬁﬁﬁF%her housi ng or outer 30 housing.
WD 2004/ 028892 PCT/ GB2003/ 004191 44 41. Apparatus

according to any preceding. cl ai m_wherein, a _bul khead
53 s o SERRLpCRPIHIZTO 3PN of sl 0 59% whriety 1%@?0%1&:
42. Apparatus according to claim4l, wherein the inner
housi ng conprises two inner 5 housing portions
54c onnk atetitbdmccarding tatapy vhelaimd 4htesd), whtendiha dillac easprises one or
the interior. of the inner housing coincident with the
nﬁWﬁW@@*§§mn¢®BB¥ TS according to claim4l, wherein
the joint is at the junction of an inner housing end
and the inner housing body, the bul khead bei ng .
55 onnémeatitbd ascolding taney of daimes A tegp4s whbreirhide inrjen shellecomprises an

infosobeiRe 5 e poriEh SF it BhfLd ik a7 RREAF IS, Adtisipe end.
end.

56. A method according to any of claims 46 to 55, wherein the outer shell is formed by

winding filaments onto the outer surface of the filler.

57. A method according to claim 56, wherein the outer shell is formed by successively

winding a plurality of separate layers of filaments.

58. A method according to claim 56 or 57, wherein the outer shell, once formed, is

cured.

59. A method of preparing an apparatus for providing an enclosure in locations of
elevated pressure, the method comprising:

forming an inner shell;
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44. Apparatus according to any of clainms 41 to 43,

wherein the bul khead is a conpliant bul khead, the
w@riohoeesss of the bul khead bei ng such that di fPEr/6BR10a004191

stiffness between the 15 bul khead and the inner

housi ng is reduced. 45. Apparatus according to claim

44, wherein the conpliancy oft6t he bul khead is

provi ded by apertures in the bul khead. 20 46. A nethod

of pfoepangiangusar shglhar at us for provi ding an encl osure

in locatiaonps.of _.elevated.pressucre, th d .

comREainsdhe nger sty SRCRtieRlS SRt the ey SHoih Wprgty dofiping 2
cavity bBitveeH R infdiahaeBtePEhdll3€arignner shel |'; and form ng

an outer shell around the outer surface of the core

mat efilliap the @ity witha fidsrhod according to cl ai m 46,
wherein the inner shell is fornmed by w nding
filaments onto a nandrel. 48. A nethod according to

6®! ai MinfefhodMtRbRIiE folaitnPeivhehel bnd & Hot 6Bl Miher shell an the outer
successively 30 winding a plurality of separate

shellyefosmed by windiag filamepgs andpanopded2” PCT/ GB2003/ 004191
45 49 A nethod according to claim47 or 48, wherein
the inner shell, once formed, is cured. 50. A nethod
61aC COA hdiliod srcatiingio otdimi 606 whereirothd 3aidwhell et shellhés formed by
filler is bonded to the 5 outer surface of the inner
suggspivelygvinding e p i tuelsPaRivd2Yess aﬂéla@rcn@ aims 46 to
50, wherein the filler is applied as layers of filler
material. 10 52. A nethod according to claim 51,
620h er Ainmethdibadcbidings toi cdaimaifeyrdd myvheeor tha gaitieblelf ot dhetls, once
mat er.i al , . sheet pol ynmer or bal sa. 53. A nethod
fosped iyfHEdt o any of claims 46 to 50, wherein the
filler is a foam 15 54. A nethod according to any of
clains 46 to 50, wherein the filler conprises one or
63or eAmudtles] acchalmgetlosing of Flabeaisto &% wharemethiediler comprises a

ccordj ng. any. of clapns 46 to 54, wherein the inner
S@E‘@V?ﬁbb 4%@8?X%ﬂmrP%%é?nﬁgﬁgbﬁﬁﬂbody or a portion of
an i nner housi ng body and an inner housing end. 20
64. A method according to any of claims 59 to 62, wherein the filler comprises a

foamed metal.

65. A method according to any of claims 59 to 64, wherein the filler is cured after

being applied in the cavity.

66. A method according to claim 65, wherein the outer surface of the inner housing and
the inner surface of the outer housing are lined with a heat retardant material of sufficient
thickness to protect the material of the housings from the peak curing temperature of the
filler.

67. A method according to claim 66, wherein the heat retardant material is a ceramic
paper or tape applied in sheets or strips to the respective surface, or is a heat retardant

composition applied by spraying.
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56. A nmethod according to any of clainms 46 to 55,

wherein the outer shell is fornmed by w nding
w0 pdoatessps onto the outer surface of the fill ePCT/EB2008(004191

nmet hod according to claimb56, wherein the outer shell

is formed by successively 25 winding a plurality of

separate |layers of filanent s4#758. A nmethod accor di ng

to claim56 or 57, wherein the outer shell, once
68f or teaiethiod of prepeidng d0aperatys foeplevilling ampensiesiiaig lagations of

a ratus for ovi di ng. an enclosure in | ocations of
eleg%@g;e@glrﬁrtﬁggﬁhé{d PHE hod conprising: forning an

| NNgsmihehh inn¥1¥N04/ 028892 PCT/ GB2003/ 004191 46

formng an outer shell; locating the_ inner shell

conepplyimgaafilley tovhernuter swdaced dire waer shelli her eby

def ifni ng a Ocavisﬁe}/l_ bet ween the i nner and outer shells:;

and ‘¢ gﬁ% P cavity with a filler. 5 60. A nethod

ac c pegtidpaht eutel el b ausekepisionwichosuthahbllof the

inner shell an the outer shell is fornged b%;*"iw n%if}ng _

fi| dveating theringershelhprer e appled flerspnpsaircally withpythe guiter shell;

| ai m 60, wherein the said shell or shells is forned

y 10 successively winding a plurality of separate

| ay eflswig the bateestedl. to 620l sA ased mechaaiatly dngrgetioe Gllaiiman
60 or 61, wherein the said shell or shells, once
inteefegaee fif s cured. 15 63. A nethod according to any of

claims 59 to 62, wherein the filler conprises a

substantially void-free polyner or a foaned pol yner.
6964. Munrtodedcadmgrtdichagn 68, whsreipfoneloabath @ghe wmepshell and the

wherejn the filler. conprises a foaped netal. 20 65. A
Ouﬁﬁfﬁ%hlsémyn‘@lnﬁgl Gts QPG APAKECY o 64, wherei n

the filler is cured after being applied in the

cavity. 66. A nethod according to claim65, wherein )
70t he Autethodsucdrding totlaithé9 whereintbesdithghedhig forpmdityessuccessively

inner surface.of t outer.housing are lined with a
WiRding ?@Pﬁﬁ@%ﬂfse Eerell"l% IS Sﬁﬁlgﬁlfeﬁsi:?ent

71 A method according to claim 69 or 70, wherein the said shell, once formed, is

cured.

72. A method according to any of claims 68 to 71, wherein the filler is bonded to the

outer surface of the inner shell.

73. A method according to any of claims 68 tb 72, wherein the filler is applied as

layers of filler material.

74. A method according to claim 73, wherein the filler is honeycomb, corrugated filler

material, sheet polymer or balsa.

75. A method according to any of claims 68 to 72, wherein the filler is a foam.
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thi ckness to protect the material of the housings from
the peak curing tenperature of the filler. 67. A
woreaohoeBsazcor ding to cl ai m 66, wherein the heaPCT/GB2003/004191
retardant material is a ceramc 30 paper or tape
applied in sheets or strips to the respective surface,
or is a heat retardant conmpdSition applied by
sprayi ng. WO 2004/ 028892 PCT/ GB2003/ 004191 47 68. A
Toret hAanthocbac@padilhg@ aany o phanaéi® TX)wherenw theti filfpr aomprises one or
enclgsure [ E tions of elevated pressure, the
S§F gem?%rn1ng an inner shell; applying a
filler to the outer surface of the inner sheII; 5
form ng an outer shell; heating the outer shell to
Ttausé reeih@hsﬂcording totdmey of glaems 6htal 76, Mherein thy auites diameier of the

sfictis il b8 GRACLRR st o SBEE O i B bl bguf oirgoond to
thaSurled dPREHGIFER duteraRgmge the filler inan 10
interference fit. 69. A nethod according to claim 68,

mherein one or both of the inner shell and the outer

S0 b hanbEMIS Y oGOl LPUPHY uOAhPuR JIRAZHEN 1 bonded to
ﬂﬁ&ﬂﬁrshell is formed by successively w nding a
plurality of separate layers of filanments. 71 A nethod

according to claim69 or 70, wherein the said shell,

A T e M

to the outer surface of the inner shell. 73. A nethod

accordin o any of cl al 2, wherein the
71| Ao ghspriee tainy6¢ ag%-i‘étoo 5, yheTeah Op@idhalip the inner

sh%ﬂ ané‘tﬂ?&ﬁ&%h@ﬁ € ghﬁga ltl&lsﬁll Eb‘ofﬁf 4Re m‘éﬁ%ﬁ%hért&%nfphg n&lapplying

honeyconb, corrugated f mat er1 al
ab@lsymnddo el o, of:%]me Q"ifﬁaclAhcvwstﬂghbdaccor di ng t o any of
clains 68 to 72, wherein the filler is a foam
81. A method according to any of claims 46 to 79, wherein one or both of the inner

shell and the outer shell comprise a housing body and a housing end, the method further

comprising applying a second housing end to the open end of the or each housing body.

82. A method according to any of claims 46 to 79, wherein at least the inner shell
comprises a housing body portion and a housing end, the method comprising preparing

two such inner shells and joining the two inner shells at their open ends.

83. A method according to any of claims 46 to 82, further comprising applying a

protective layer to the outer surface of the outer shell.

84. A method according to claim 83, wherein a shock absorbent layer is applied to the
outer surface of the outer shell and a rigid outer layer is applied to the outer surface of the

shock absorbent layer.
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WD 2004/ 028892 PCT/ GB2003/ 004191 48 76. A net hod
according to any of clains 68 to 72, wherein the
wo 2dosme88eDNPri ses one or nore tubes, channel SPGF/GB2003/004191
| -beans. 77. A nethod according to any of clains 68 to
76, wherein the outer dianeter of the 5 filler is
adj usted after application t # he outer surface of the
i nner housing to correspond to the inner dianeter of
8%.ne Aunethod hesording & clainmé4, vdgreie tersibeigatisortent/lagér is a
hclaims 68 t.0 77, wherein the outer shell is bonded to
??%F?PPPE?.me 79. A nmethod according to claim78
wherein the adhesive is cured. 80. A nethod according
to any of clains 46 to 79, wherein one or both of the .
86.nneA mefhed pecariing feeithar ef claims|84 o Sapwhereindha sigist ouger layer is

0 é)&ymofe%et%esltﬂé}%gwfh tesn Oﬂsoa?e? {;ﬁ{lﬁcis 51%911(? ﬁl%lowte@ %urfg'c%oog" e absorbent

ousl ng en ac € or “each housi'ng
la§dr. A net hod according to any of clains 46 to 79,
wherein one or both of the inner shell and the outer
shell conprise a housing body and a housing end, the

th . L T .
SR A I 09 R R SeC B o
o2 suffapet hod according to any of clains 46 to 79,

wherein at |east the inner shell conprises a housing

body portion and a housing end, the nethod conpri sing

SPr EPATh&Bod SMRpRHALL 4 i O 0 -
i nner sh ecl) I s atp %ti%{ekl % %%E@‘%%g %ﬂé ﬁh%rﬁg‘teh g%aﬁeﬁpwhere
bunyentyds neguired,amlyiclo bprpiratisisas 46itid-tight cavity chmble of accommodating a

.CO i Si applying a protective layer to the outer

h@ﬂ&?&%gwg%dfﬂﬁm%ﬁW%r shel|. 84. A method according to
cl ai gaIBingMAE bFhdatds BY ﬁﬁﬁng%ﬂﬁiﬁed&%t% W Bra i ®RPId Sfent
to the outer surface of the outer shell and a rigid

nesagsery tp pyerd¢ heappilopdateievet oEbupyemy; surf ace of the 30

shock absorbent | aver, 2004/ 02889

PCT/Q%%E?%’%‘%@Z@&M %@agg\gsa,&gﬁ%?ﬁ% ecording to claim
84, whedrewigtthe lighidGonedidiedighi ayRy. is a honeyconb
or a foam 86. A nmethod according to either of clains

84 or 85, wherein the rigid outer layer is
89. A method according to claim 88, wherein the liquid is withdrawn by means of a

reciprocating piston moved within a cylinder.

90. A method according to claim 89, wherein the liquid is withdrawn by repeated
operations of the reciprocating piston through a cycle comprising:

movement of the piston in a first direction to draw liquid from the fluid-tight cavity
into the cylinder;

movement of the piston in a second direction, opposite the first, to eject liquid from

the cylinder to a location other than the fluid-tight cavity.
91. A method according to any of claims 88 to 90, wherein the liquid is water.

92. A method according to claim 91, wherein the water is ejected into the environment.
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5 one or nore netal strips, which strips are wound
around the outer surface of the absorbent |ayer. 87.

wo\2000k8302 according to claim86, wherein the sPCT/pB2@8004191

wound helically about the outer surface. 10 88. A
nmet hod of depl oyi ng a buoyancy. apparatus at an
underwat er | ocation where b ancy is required, which

apparatus has a fluid-tight cavity capabl e of o
9%c c ofmdigm fog deballpstig abuoyareymppiretscubigh pppargus has a fluid-tight

' - I fi:lling the fluid-cavity

c§ﬁ$h%§&PG%%%Q8F§P%%S@#?ﬁﬁ?%pTgn%ECessary to provide

t he applimer;i ate | evel of buoyancy; positioning the
apparatus at the said |l ocation; and A w thdraw ng the

| i qup@stenoTanged far geciprosa) mrovergnt yithigghe aylinderiod

accop gh,n gortcgnﬁécggﬁnt@%e AMREL Tab o{ g4 Shrh s;W! t hdr awn
by neans of a reci procati ng ston ved’within a
cyl i afiest noR@etuh vebvdultbwang thedlovgof fuid fiwnih8Lavihteine cylinder;
ng liquid is withdrawmn by repeated operations of the
M%ci procating piston through a cycle conprising:

nove ; I

T oo uf) o ift b ol o AEE TR A
cylinder; novement of the piston in a second

iregtion, o site the first,.to eject liquid fro

F e Sy RIERATE 1 Sl og Bikis e AUAeh @19 e Aghfirst and
sée@Nd hon reétin vAIVEER R AuSRIGOE AR BnlaindtlYe Qbp&t ¥riBulTol e in the
90, wherein the liquid is water. 30 92." A nethod
vignelyoditheyleployed Ahowapey appasates. n t he water is ej ected

into the environnent. WO 2004/028892 PCT/ GB2003/ 004191

50 93. A system for deballasting a buoyancy apparat us,
95vhi CA spgtpiaradtatdinaas edhdrlofictirhé 9Nbr 94 atickein B PigtbA s heable
liquid, the systemconprising: a cylinder; a piston
hydradisgdyl for reciprocal nmovenent within the cylinder;

5 a line for connection to the fluid-tight cavity of

the apparatus; a first non-return valve allow ng the
96.1 ovAGkstémuiccoriiingrto bl o Celdibdsyo3it6 198, Wheretithé Bekedm further

comprises a drive for the piston.

97.  Apparatus for providing buoyancy at underwater locations comprising:
one or more shells enclosing a buoyancy cavity;
an integrity monitoring system comprising one or more gyroscopes arranged to detect

motion of the apparatus.

98.  Apparatus for providing buoyancy at underwater locations comprising:
one or more shells enclosing a buoyancy cavity;
one or more optical fibres extending within the shell; and
an interface for retrieving data from the optical fibres indicating the level of strain

within the one or more shells.

99.  Apparatus according to claim 98, wherein the interface is compatible with a ROV.



and a second non-return valve allow ng the flow of
fluid fromthe cylinder. 10 94. A system according to
wW@Lb@u2®8% wherein the cylinder, piston, driveP@rngB2003/004191
first and second non return valves are housed
together on a nobile support structure for use in the
vicinity of the depl oyed buofancy apparatus. 95. A
system according to either of clainms 93 or 94, wherein
lq(ﬁe Pn goderwater 3FdoaBIPEISINE SN P PRTAYE PeeRrdipe &1y mmepfstaims 1 to
GEOT A ims 93 to 95, wherein the
45zyst efriﬁgt%ro#ﬁ%‘?@é/@gg al?‘ll}zes a drive for the piston. 20
97. Apparatus for providing buoyancy at underwat er
ocat i conpr i one or nore shells enclosin

on ing: .. a
1%uoy _&vg%wﬁrﬂr,ciéﬁgqrﬁ%d? Flagm 8% whreinghesgreh ésan arficulated arch,
T e P A L R P of F i arch
provi di ng buoyancy at underwater | ocations conpri sing:

e or re shells enclosing a oyan cavjty, one_or .
15, ABppHEEe F b actaiing %Pﬁf&rw? laime [GRoalil) hergifhg geid
appRta@lsfiag StrhQliral #lehibBVbMbe d3ha from the optical fibres

indicating the level of strain wthin the one or nore
shells. 30 99. Apparatus according to clai m 98,
wherein the interface is conpatible with a ROV. WD
2004/ 028892 PCT/ GB2003/ 004191 51 100. An underwat er
arch conprising an apparatus according to any one of
claimse 1 to 45 or 97 to 99 to provide buoyancy. .101.
An underwater arch according to claim 100, wherein the
arch is an articulated arch, 5 an articulated truss
arch, a distributed buoyancy arch, a |lay-over arch or
a tied-in arch. 102. An underwater arch according to
either of clains 100 or 101, wherein the said
apparatus is a structural menber of the arch.



