WD 2011/ 012877PCT/ GB2010/ 051161 1 Description Acoustic Reflectors

[ 0001] Passi ve acoustic reflectors are known, for exanple, from UK Patent
Pat ent Ciwetzoomi1®¥01: GB 2437016 A (THE SECRETARY OF SAPETHIR0DESENCE) .
2007- 10- 10. (i ncorporated herein bylreference). In UK Patent 2437016 a
passi ve acoustic reflector has a wall arranged to surround a core, said

shel |l being capable of transmitti ol c_waves incident on the shell
into the core to be focused and Qﬁmmm an area of the shell |ocated
opposite to the area of incide de a reflected acoustic
signal output fromthe reflect ?Sﬁﬁ(?;%éﬁfl&@ﬁél n that the core is in the
}‘or m Of[O(?)lqthTagsﬁé' addugmregyétbﬂameékm ifSr dx@mpRd 1o OREPQnt NOr e concgnt L ic
ayers of a nmmter e and t hat
the shell is afeﬁb@?t&?e of ?Et?p@é&‘ggt(ﬁg'Ec%ﬁ@@@éﬁ%ﬂﬁ%ﬁg?g on of the
acousti ¢ wav@EHENCHeR00bM04Be shell are coupled into the shell wall and

gui ded therein 1}%‘3)%?%& e‘%elﬁ' E{é&e%r ”ﬁ?U%f Qﬁ LYV %S&Q%&t‘? {eﬁg{;t8¥ edso

to conbi ne con Ive ect ed aco i C Si
as to provi ddaan W@Hraafﬁngﬁﬁl toeﬁnrelmdeajanwa@tsheﬂ Seigaahpabile @uransmt)mg]icrqmsnc

practice it hagecbgefehQiNde sHat inid e Pl O DEBRG e Pind UAL b LfbRGh LS, dfShd10t
al ways predictable and furthernore made according to the construction

descri bed ri skelhiosated ppRAsite fo thyjaregad InGidedgereo oy toduprae medleciRA@ROYSHfer sed i n

deep water, @fgnﬂtﬁﬂpﬂt&t@emefrémat@uaﬁrm@ise@ in (h@O@8-deriein @e el of Ddphete
potenti al apphcgti ns for ousit1 refl ectors have energed %o. rk

inder gr ound. OpHENsvRaderang 1 1EMER pEone grirhiore shiseRRica¥as ol elgibiine 2

obj ects, suclwaas spdedaif ifioni $40 ©ald s and thee the stiell is dimlensivweddetagee tauthe ng
conventional gl.&eetf EHEPQ E&ftloﬁ%k kne a@@ﬁ&fé \Qa[‘%&?ﬁatcia%ﬂt S &k §hEi a&%@%ﬂlz%&ﬁﬁ' ng

to the present I nvent surroundi ng a
havi ng one oshel ypi ﬁ%ﬂ gmgled)thee@b@r@tlnethmcmbméermﬁ&ﬁ@w hall erd depust i ¢ vvaves

i ncident on thgaeid @mitd cdRBushiRly wah thelarNefbdtbEatduiOsifie oGPueso & focal
erln t he core back to one of the

point to reflect acoust t
acoustic wi ndOREM W&P&E?@P\Aﬁéﬁi"q@ﬂ aPﬂ%?f SRR he speed of sound wave
trans m‘[e@rmn in ptatw'cehehhi bded fotngl t&i‘dﬁtlh&gérfﬁr}ﬁﬁﬁde of suchecflg@wes tsrmmnslvagsi on i n

the core is ILI) Cledlc z%oler: cgﬁlr&lerSm(gre madea% 1nﬁ h%f(:%ﬁ%blcylon Qescn%ed rqskof t he
speed of sou wave transm seiondon € average speed of the

wave transni slisit@tion ar talgrecio seme sircymstheces aﬂnge 1mfnelzsed'm d@pszvmer om‘ozhfum ve.

[ 0006] More prgfer@hhYuspidmatio is the range of 2.74 to 2.86 inclusive.

[ 0007] The inventors have found, U|te unexpect edly, that peak target echo
st r engtl WO c urMomgtregeatly othsr PasBiin agplsczatww %ﬁa‘é)‘@fl? ERRERTave ZHBIZEHI® Wi t hi n

the range it nidk gRMeE@duhY, glaeﬁipeg ahd@e 1ikd SiBch anlikd dthéMMdeaR@Mddbiectsy 3.4 1S
better than -sa'c da% ele%flncuy cabfes are Very%efflcult to detect using conventional electro-
magnetically based detection systems.

[0004]  According to the present invention comprises a shell surrounding a core, said shell
having one or a plurality of acoustic windows through which acoustic waves incident
on the surface of the shell are transmitted into the core, a focal point to reflect acoustic
waves entering the core back to one of the acoustic windows, characterised in that ratio
of the speed of sound wave transmission in the shell to the average speed of the wave
transmission in the core is in the range 2.5 to 3.4.

[0005]  Preferably the ratio of the speed of sound wave transmission in the shell to the
average speed of the wave transmission in the core is in the range of 2.74 to 3.4,
inclusive.

[0006]  More preferably said ratio is the range of 2.74 to 2.86 inclusive.

[0007]  The inventors have found, quite unexpectedly, that peak target echo strength occurs
at ratio of about 2.82, with a strength of -4dB, but within the range it is generally better
than -15dB, and in the range 2.5 to 3.4 is better than -10dB. Qutside this range re-



WO 2011/ 012877PCT/ GB2010/ 051161 2 flectors are |l ess suitable for comerci al
application as the dianeter of the reflector has to increase significantly
t o conperweat2eltimes7reduced target strength. For exanpl e PCTdB20T0A51B1i S
2.48, the target echo strength has faklen to -27dB. Operating within the
range acoustic reflectors of 300mmin diameter or less are perfectly

f eas It bl eI i’il ﬂé@t@gi_'larf: @Derss @alfaere oL aSamsrceN gbplﬁdaatdn B ow.diakQerafitse RrIeGaHhas t he
racti ca ower CLOrs era in _a,s. sea

vt onment  Helstes® viEa R RE Rl (Rhl Rt ke RRaRh, P RIS Bt

i ncrease nar kadl iy 2r43s penseei avbp easesh harflibel L3R Qparain100I88 1he range

[ 0008] Real i S%E&%E }é}Pefctotr.J':Sf $0htrh GRbiaRRle ﬁBPfe% ark ?leff?&lrﬁtgasgﬂg aﬁ%‘é

acoustic speed t e core neans t terl s to be
construct ed, ofhsf r@ﬁwxelanwétb&\valr@@r@n @sﬁf@bﬁéﬂy the precticldsveilended foind thi s

r aldsets the alé%)]!nkﬁe)‘cﬁlC}eﬁéﬁi‘&% 'bid@lhtl%%idbcseﬁ%fl%ﬁﬁﬁ&'&:[b&&uw &Bgﬁg ﬁtéilciel’s@@ﬁ plolrt
and storage a erarures, see para et se shells
can be f of med igh f%sﬁefﬁgfoawg 1 respBRy TG %\{e iﬂ%éﬁfﬂfﬂ@ﬂ%ﬁ% %@é‘%ﬂ&&ﬁ)
(aram d) fibpasa [@98310(r) [pol y(p- phenyl ene- 2, 6- benzobi soxazol e) or PBO]
fibre IBﬁign%eaﬂ%atloflh]?aﬁ%xé’ntlca arameter 1%?16%/ tOQFnEVJr%rago %?g Dgergieﬁrou%?l the

varyi n(j anoun it e o os
adj ust ed t o wategheanh¢haappics otumixsd. ma[t@mllﬁ)]octfe quosterrt¢daforrestuamples veter and

al um ni um ang as&)?ne‘i‘llt Qé/ éorﬁ{rﬁctp AN ?ﬁié Alide¥ 0ROR19%0 é&ﬁnaft%gﬁs;]fci%ﬁec?&%m ng

al um ni um ref ects % of 1 nci dent acoustt?c Sl e rest
absor bed and “ﬁ%@é@Uiamp@cr@ﬁdlswr%g?@tétﬂhéelaperﬁwsSW@|Hara Eﬁﬁﬁ%] @6fhares with

st eel , [bO9)examelsaellvaamne f@mlaa ¥ ol radthY &dp Y)x% E’Eﬁbﬂeg]ﬁkﬁé&@dﬂb@ﬂﬁbl@f KEVIEr®

|nC|dent acoustic..r as es int teri st .bein
o] ceted Bl e LR TR 26 e et e H GG Y { R

core nmay be bprassted adthppexy msai ,yr poigliheat &ithe (og Dypeaha® aBlywarydn gréfeeunicaht

R e T
El ast o890 1) rfepoterttiabmetal shetls ghnznigmagns! lmlkoabm@ pajteoiatlyraond we shellThe

inventors haye.doungd fifi@hidn %}felclts %BM(%B%%%W &c@u%ﬁ%’i@aﬁs the rb@ 'bEing
rei nforced pol yphthalamde with a silicon elastoner core of RTV12 produces

excel | ent refPEEPGHdgRsIeH Hhigusl inghe geteicd theahel. Biis spyarares with sEgubiici es.
25% gl ass fi kkemple] what oan) ap&laylpbltyrsﬁiaﬂrped%ntage 801hd itlidar aédistit f@l@h@loﬂagre

ipres bfrerN?%%sG%?S e P R R B B TS T g Sl Tl

Amadel by SoluwedasShe shedl, thelvaleamiylbe baseds pteeiduslyandicged, tor curtfardbyy, a
advandageous rﬁa@erﬁahﬁaﬁﬁ%ﬁ%@%g%eéh%&n'd%%IH Q”b@c? BN W/{?Lhﬁ%@ZA %ﬁ@' have a

quick transition at ar froma solidt

substanti al $FPLERPHGagEIZen Nt INRE NespgyaRdiny AR73 ?f?ﬂSsquw acbamdgp IFQUI‘rreans
that shel |l calasRsndihIngede Wid HitkdiGvhh £O5@dMRL erial s bel ow that tenperature
and th ore terial_cured w k of distortion e}

acoust 10071d | diwver ADE IR fl%vetfﬁ}l%dﬁlﬁ %heﬂ anyyed Wétﬁgéé/s Qﬁfﬁ ﬂ%@ of
desi gni ng r efri¢iaftréaatpotighitedanitio widl d sikiondsasafimaappte @fle‘(bI%produces excellent

Pol ypht hal am her glass fibre cantent of 3 5% %.ar e
bt 4 nabie. TRESEohPEUr Mo uT e e 8 Pt Bl looeath e s HER R E
shell's, but azglyphéla@ha@@sfsp}drtmdcbﬂweuade haroe xR PEB\IMHSﬁeb}bEJtdu lémnéss of
the final Pr adugind at{dk@orﬁ}gﬁisz%flmﬂﬁ%gs 'fT%ré FRSRES Ebfgghﬂhglahﬁﬁe ghel |.

[0012] I n one particul arl nt ageous agﬂlgl cation a oustic reflector is

char act er i seddrkets pagder ﬂte aY 8As holythakanide pysed yhellsdys cal
structure wi tpan@umgptaaadndﬁga)ua@ﬂ th@@oﬁt%xtt drahis @fiv@enEoh hoted et Hyd, and ahengat e

shel | of tubul ar craoss sectio 13] Such. a ref an b att.ached, for
oxampl o 1o QUK SEnSBRR RHOTE M T 5 St o TR ST 1 a
plurality of sefiating bflbechananpesayrd dhis charraetepste: méetraahmdhetlbca el filledseidt | on
before the p'l glﬁldsc ?é fng{}nag beW{l]ﬁ?tgm DrafRL ?ﬁd the €O ealﬁ%lt:e}{al gede& qlrpngfél)% y
provides a sy ntor e pl Be sec pe sections I'n

pi pe |ine hadstation Reatikasios @@%h@@bﬂeh@rwqg@ﬂduwoabls anmhboleom thye posar ked.
[0014] I'n anOtsfb@ﬁty%@)ﬁé’sqgrﬁﬁgl;eﬂéf:tlﬁé]@evﬁ&g?&Idllqan@srbf%%ﬁlf&ﬁﬂoﬁs Py pha®imides

according to thi
Wlth hlgher glass fibre content of 35%, 45% and 60% are obtainable, these provide



invention is toroidal. [0015]1In a further enbodi nent of the invention an
acoustic reflector according to the invention is nmounted on an underwat er
obj ect t owpunittwes7’gcouri ng of the bed of a mass of wat ePCT&GBehioaIFLi6 IS to
be placed. The reflector may be nount&d on such an object as part of the
construction of the object prior to it being placed in the water. [0016] The
invention prevéfesda siells)od: RfthéPlasd ik AEnBAAHERNGs BNASISWaE Bfitt18Ge3bl bf the
around an objf ‘t &r% & rg? Eégtn(gfchln t | east on&gaﬁ%@stic reflector
accordi ng to A RO hsape 3188‘§ @Hfrﬂlﬁs@ﬁlnb c8Ustic reflector bel ow
t he nat{001i&l] | duehe phrtithlerlpedvantageties amheartlonwssaccmeefﬁwcbréudtaradtmtse@tnouri ng
may expose t g, by ZSJ hﬁa‘ffs&f artdl at@&bk&nﬁﬁty%llﬁﬁ&%@&t% Wi dféén%?}o'd%m‘?
acoustic beam vant ageous an acoustrc-’reflector according to

i nvention at ta&&t@rﬁ@msmnéectw 2t eleegnte Hellat sipsdarergsepecdionor to a rope,

cabl e 001t3l}e |Su|éﬁ AW & RoricEn GO ANSMEETH} é’xa@r[bl@)f@a piﬁe s%&ﬁ)nrtgfrﬂla@m&r S an
el astorrer or her non-neta t[éc core, Bfa%‘ﬁg e may be provided in t e shel |

Lo fill the LBl WoEFer Hop 2 BN{RYEE f?ﬂt‘étoéiféa?{ UEGHY BET UHERSH et ached
to the plug. ph= sacial iefsdald pipe bdvdion &f inendred inByat@eit BNt 2d econd@iogity

[0017] In anot hoevrlde%rg,bOthnEt%r m?lIklrtl hﬁl I It]Ve(:"srtl}:tll(g)nn 1taa1fel esé:(i:tlg}cl {rrlom { rl e Mar ki ng
and un- derwater obj et Tor area si'ng posl ning | Rt one

acoust i c ref lsedt markascttacheadghe plpt:hl@ asmhmlﬁombﬁtmtaﬂ@dobj ect or area of

| nt er egpo gnalhy E&ht&%mtﬂla&to@thet ioflah e RH: Ak SELRGRE LMY an
acoustic eam or exarrp y attac Ing the reflector to a

hi gh val ue ofj¥eationis t@@#ﬁ%l ner which is at risk of bei ng |l ost or an

ai r cr af{po 1of) ac Kn Ra¥rtheNRaidB IS afeﬁlte lmentlbﬁe a1|1 BMRBEE RifleltSr h@oAlih@EthS uch a
sonar reflector a diver or.the diver's

(} ment, and to inter Cﬁ%fl
reflector by 'SEAYP SINPHRTH T P PHle T geebIect %EtOPtt%rﬁour[ﬂtgo‘iéf‘% ¢ @FSS
application of wateréf vacharis acbepldedy The réffeetor magriei mounitel drosuchdh oljeet 450 un-
d t t th

der vat e Tk W SARLON PENL PRI NI SR g v g2t on (e
p| ur al i[0916df slheanvangiph eeavades aan@bwofrigom@rmgéComm@mndgmawrmcaumwetrhvend
devel opnent _gh obfi e Al Ofink bt MR oA 1LQARBIFREH CERARD RAALGL 4

becones p055| bl e to use underwater mammals for economcagur poses, such as
i denti fyi ng, IMERRPRAA GoPHORBE FYid propgtis felestor Bolow the nafpiral Jexehofie Berkef

manmal s to r mmﬁmats%nwrﬁé@ma tigdt s@hr@gmex@omhb edfleofor afENIndiiN® beo t he

t A t f t t t b
oS 11 oned URBEFHAB SERoRORe oAy T RE P e Pir e, S e TRPE et
or the |ike, aomrdieeltd tigs mhmtmmetgcl_tmebit eneans toedttatly tmaaowhtio meflethe td aceiel on of
the reflector, &bl@% Eﬁ%k@%ﬁéh ﬁf @%&@ﬁ%ﬂ’%@@gf 'ﬂ{é%ﬁécftér%s Q% eté§t'bﬂﬁr8r6t‘ﬂg‘ﬁd

sonar array towe g vesse vi atl ng t he

need to use $epancitldc sesnehale ey heruptided @dh%tﬁheél)ﬁgtﬁélﬁbe ?@ne This hplgripose.
[ 0020] Real i s@higBd 9fd fhe Q9§ td &nt&ﬁéﬁpyt MaSheAG6 MADING, A Larf NiePndtivy @t lepBe1OPENS
the possibility of de5| eflectlng devices for all kinds of
appl i cati ons! %’ R§IR9YLe t - potential application of the reflectors of
thi s i @i on\waothéer ebﬁbdd@rnernaiﬁlt}& 1hwaion@rméthmiomOmdrtngrrﬁsﬁmgtanHOura known
! Ocatl on Of %n a?er ob ec?o are ggl’}’lor 3 T(?S SOn(i:OUatq abSleOIPe acousgt cre ec\toruascgor n fOf
aut onormous underwat el vehi et &9 }CIRU%? IcPTel'y on Tnertial navigati
systems (I NSyo ﬂmrmmstpn abthe Pbbjedi ergued of insraskehatitmgwire teflattot toebel ABceetd Q;]uch
vehi cl es req

WhiERo 31%89%% RGEbIRE gtﬁg Tl byt g e%ﬁ;ﬁl e @Ia[ttabﬁn Bl ehibo

depth and this co achi eve I nter ogat ect o aV| ng
known spect r & 2 Bighrabie abigct o saniaingioVNFbirrRt pispk f‘dlh% lostrey aauaércmtteb

i dentificatiegx OAnc&msf)éc@ of Bkli®ehabsisf e rattmhrsmﬁ @go@tr réﬂ&wr@l dierdr @Rt um
| ocat i on, it maﬁ be convem(int to set out 8I’OU$) g ECt OI’C@ ID a
speci fic pat 5¥h SEHEPPENG 2RGH Gepeehty ﬂt%@ﬂF‘E} Onéftﬁ’r P

conbi nati on eogtiomn a plate or mat. The sanme type of arrangenment may al so
be usef for t n.. C t wel |
head or[H(BIS e VAa ?Lﬁﬁlet Qﬂﬁf% ti A?J)tea }e{]&%a%%cgfcﬁ%@ }nk'fgnéo%alg %jmt%i’&%ré @3 19
reflectors b@lﬁwgatfrrnmmmtak\ﬂ@at@fnp@}sq‘;é@|1¢qa@0mb35éfmns ﬁ@ethtgr Iigeton tlrﬁpée%mmr

source can bgr M@ﬁl@ﬂa@&‘s %aﬁ&{’g\/ﬁt@h la R oﬁﬁ&r WEE onSYCp1RflRy SRS kae or
ot her manned subnersib ermanentli/ nmpunt'ed underwat er . sonar,. a_ di ppi ng

sonar rmount ecﬁlestﬁr%acs%réltng tgithemaertiogy Ipfurbgpieielopsienaf thisgPPligion ia sti | |
further application of the invention is the identification and recovery
system



for sub-sea objects includes a passive sonar reflector attached to the
object, a sonar transmtter and a neans to receive sonar signals reflected
fromthe wassivaz2&sonar reflector. The reception neans ne¢THB20mosEisd Wt h
the transmtter or at sonme other |ocat#ion. Triangulation systens are

possi ble, in which receivers are |located at three different places and the
specific | OC@E&(ﬁiiesqfosﬁﬂleQ@h&Cl!indeﬁwitéi&ﬁﬁﬂlﬁiaﬁdobé’coﬁﬁm‘ﬁﬁpﬁrb@ém sutli bangul ation

. [0023 f th t. bl Th
el ade: mar KOG ae AoeisBRer BhisBaR AR oY bRy Grae B RRRlda o) ect or
the ap- pI i catdognist thegmeseb¢eeaitani acomtiepefil@atorcucdrdmgsalleaquanionsubner gence
el t her (gé(b]?ge A coubtiERARLD ta'c&E}d}M &Q I Fl%ntr%h Thh ?é %sf?ﬁ&{ed RhLERE OLSdyact | ‘ie

| ocat i vices to provi ae an ocati1 on reen versus 'red
bl ue for examsfhayng thé reflgicsas tOn%r@pe p@h)@r net & [thesliket eméqghagnghecram &8ble oy peld

equi prent  on ffdaea aRAR Ethe 1921130 bR IHRkSRLAREE t@%@ﬁl@6@ﬁ§‘ﬁq@3€a§ be #RALifi6@bY On t O
a subnerged device or the glpfllcatlon to z :flfilnt{l H preparatlon f.or.
subsequent sUBREAGBHELS AT BHNOMC R PR OR MO BEL B PREaERR i ce
w thin or at thdieebad UMepirateh;ﬁbmtsHﬂe foLhikd sofar oystéhefss eiedmdpose. .t he

mar ki n ca her evi.ces which.are ved round either. freely or
it i n 1080 o7 BB S BB EF Py e LS R YERRRORR Bl fRuobigE!

and/ or curreldtSIlengtetf@lctlmdeQfals@bklsdsofrm)pkcmg)n&ndermter parts of oil or

gas pl %@f KU &fuJE WBtﬁﬁ‘i‘i’a{I 'ﬁgpl@(atﬁh%f‘th@' é’f?éc%r%f M Oerﬁf&ﬂ'vﬂodld"ﬁé Hl%' ng

differently tune ect or means for_ | ent| owner s
function or tl(gﬁﬁ@%fl@dméMl@arﬁﬁneéhmrkr@&tnelg%mé@f gne %@@fevvaﬂ@crtorés@@ﬁ cotld

mar ki ng |Ocaﬂ)h@ﬂﬁlc\dﬁﬂ‘jms&f@yﬁx%h@n@ﬁ@ﬁﬁ@ﬂe%té%icl@ (MJW)W&% Buén vvher e it

t t tt f.
exanpl o, 1 o T BERNG RS eRd Y AL o5 e G e iak el ks RETSS Ofy her
navi gati on hazdr vdhidesabqése wdeatcalibeifia] follodargusant obibk sekite. o depthrakqing or
| ndi cati ng Zgl({jl%oﬁh b?%&ﬂ%‘d%% &te?r%gﬁfigé Cifqk éc%r%%%h% Kh&n § Oﬁé%FEJTI e i onal

maritinme boundaries Tor sa faction” i i on of
hi gh val ue cmﬂsai:mrrdsknoampqsvmnboﬁx@dﬁheddﬁmgfggémof mecuflogcﬂchrafqrcr af t

acci dents, ohyffaged FGRS él&ﬂfg%wufn? %X@(Sry nqula}ﬁbé &fn@gﬁlem BSE RP%GFoup of re-
geophysi cal structure monitoring such as narkin noni tori ng the

novement of MCHOBTIBAPPRGifiE gatterﬁawwqa%bfemb% 9(86] Ak eprenars s¥bed for

| at er di sposalnasiugb. gasn REKSr And The Ebﬁﬁe ffy@é oﬁéﬁlaz[ﬁgleﬂlent elhy gko bé agHulTgs
t.0 _mark ass es or

00241 A t t
Lo oet o o SR P%@é’a%%tmfa@e%ﬁtﬂmg%ﬁ Sehpet Uy Loy Pl At use
echo |l ocati ord1ffél’hﬁ rumgsemdior efran geeencuridbe pﬂecturséﬂkntgﬂnbm&mxteewfmedﬁbphi ns,
ror “exanml e. (£an0RS A PR {Bul S0k pEANS FEAYSRKARLLASAO Lo

150 kHz) are’ mari Iy 1 n echolocati on. uenc
echol ocati on se¢h %ﬁkesswbglaabé Qt othgompiHed spbimersibey perespe(dy m@gn@é HQ@QI@W%I y

W 1E|h sItoeCI fltﬁm@aﬁfP@dh%ﬁgls@ﬁhrtrﬁ&d iﬁ$et td (%yhaﬁ@d't‘@u%%fﬂ(ﬁl:c@a?ﬂ&ab{ £@AU§N Orf to

refl ec is e and a chin ectars under wat er

obj ect 408%% f‘é’iﬁ%@é Péléaﬁ%?feteme%m ﬁn#&m@rgndoﬁeﬁowﬁxsmar i t
i s possible for smbalemob!]@&tpﬁndhﬁieaﬁ(ﬂ)aism sJonklefeﬂa:wmaglmdae tiastjectd @masonar
reflectors and to. usecfhemt take itens.to ?ﬁg ? of . the reflector, to

Fecover 1 temt YOS i LB WER il SPOBTENT PRI vas al so
i dentified wireftectwolist ieceptionhinesnengy bf lmtqda’c/l@nthemaﬁtﬁm@r wad spmewienf act ur e

when an el asyQupg, ﬁa%gﬁﬁﬁo&%%%nstdﬁ@p@s é‘?Whm%ﬁ??éﬁ%‘s %@éa&éﬂeﬁt e Curing

causing fissures to occur wt e re | ect or ect | n%w: or nance.
One sol uti on dffaprgdases and e spesifiglocai mgfaniabiechts idengified C@ﬁvetnﬁ@nﬂéwalst omer
initially pouﬁggaﬂldﬂ@e;;ﬂge shel |l through the hole, cured, topped up by

O e o o RO B o SR TR SR e Ercess
markmg of a specific geographic location of a submerged object or the ap-
plication to an object in preparation for subsequent submergence either alone
or in combination with other similar sonar reflectors/active location devices to
provide an aid to location (red + green versus red + blue for example) i.e.

pipelines, power cables, telephony cables, fixed equipment on the seabed;



[ 0026] Anot her potential problemis that there is a statistical risk that
with reflectors of the kind described in the precedi ng paragraph, having
non- et alwocoslmabkd73, and depl oyed in deep water (nore tiram/dEQ00/0%et6nes)
that water can enter. Wen the reflecfor is raised the surface, the
pressure of any water that entered would be substantially greater than that
of the surroundi ngapgictionto 4 fidndirged ddvice of iR dppHkativh télasludidem @Bdguration
catastrophic failure o

s o o e S MinbePhoshlieh S RahChe sbrof TSR ﬁhﬂgbe used

with cores nmade of dewtewithinsortahtte Mtemsﬁlthdwatsucdﬂums oreh dlke wabakrarthes or
which are already qurgf 8fcaﬁ);l)és di'o ﬁfe Qwésﬂglgbﬁa}ehﬁ \gﬁﬁag(?@‘& $t?}91tﬁ=‘eely°‘l)1t hough

ot her manuf acturing net ods ectors descri ere
desire to seek a |o\wh@b@qrtauhb%ﬁmw@taﬁ@art@n cahlpuhich maevestithabe tide ped/or

refl ectors which may &8 ordaRE BviKle g@BLrol any risk fromrapid

deconpr essi on of entra ed wat er 00 I},&CCM n acqustjic reflector
according to°the p%@ undRFEAter Bt & rg&épg#gga%mﬁﬁef%%mw%ugﬁe||
conpri ses constr ucpedfonhs twhzhivalMasclpod neel ﬂﬁ@ﬁnlﬂgrtu@ddeﬂwcﬁr@ummehﬁe core.
I8 pherl Cal e PG RS s SONRUARD o M ToF BRS  heceap be
joined by spin or [aser \A%lf[lél Ifeé @)’] ere X e shelf Pis a6t

mat eri al which nayUfl@ftrWatsmdﬁﬁtlnternal pressures as a result of

deconpressi og of t rléiﬁémh&%&{s WiiERhh e éu% sEQ/héﬁ atfo?ialt P@ LARCBudPigerS el |

hal ves can be provi a region at thelLr I nt uced resi stance
to internal . [ooso}ﬂﬁptﬂlﬁ@sa%éo@iaChéhﬁS@ﬁhrerﬁﬂgctmowp%pl%lﬂwmpw %t ween t hem

the circunference ekahpe, BPsKp Almﬂlng ak @ap myodaﬁoﬁ)aldg geteReKS bi kaiess or of

reduced strength. 0031 es may have a vent to
rel ease trapped ai %t]'Pntq}‘?é ‘i]i‘aﬁs\?QEaflé‘?ﬁgs BH&“WG@EW%F ®%round a core. The

vent is seal ed whemangingbatilivaeng gores wp b&memid hlecmﬁaémmglmaastbfaar appngpri at e

toREhesiErental Of g@q}aﬂ?}%&] 1me'b'88£&?1‘e5'90r3s%r &ixﬁ%%lgéxg‘%ct TRld. plug, filling

with resin etc. e case she em spheres, the
exposed edge *of on ldﬁ:@ttflsqﬂfp@r()é hredyvalleeongamaip ks bengirbagrd Emgu@sse&ﬁ eh@agl@ in a

groove forned in tQﬁc&ﬁ%&@&%‘%'ﬂ%I%W%%ﬂd@%%e&foftaﬂﬁra@ttﬂ?ﬁ!k Hgm.sphere. |f
t he heni spheres are to be spin wel ded together, the edge of the tongue and

the inside of the @?W@CWB‘W @ﬁ@mngrﬁ&% awé%%%igmgwrmgﬁ%s whi ch

preferentially mnel &ndvemfgﬁtrdﬂrﬁlhe)cg\@i dftwhen one hem sphere is turned rapidly
with respect to the er 003311l f the, he eres netal | i
Lt o, L R kRS bl B DR EPRE 6% R R R FRARLAAL
the tongue may occuxpyesatboexanmictf the groove initially so that the wel ded
mat eri al doeg not fdi\Jek agnémol e of the groove after spin welding providing
a circunference of vvea ness for gl ass reinforced pol ypht hal am de shel |
whi ch PeAH no‘}‘rnﬁlltqrwm&appléﬁanwomhe g Yeatipg ffi to sk @assagesion obigetsifer gading

designed to {iiphiRtan@Qo f}féls%g Qll}dguncﬁus@é’\ﬂnﬂﬁnﬁm/thhﬂis@ e8] 10B4tRS @'ﬁ@fr&ﬁhe‘ﬁ
rel eased safel 1 CT/ GB 51161 0034 spect
of the inventf ﬁﬁ sogn i ﬂ%@@%ﬁﬁﬁlﬁp%qﬁﬁw Sl RELPOrP R B odSBor di ng
to the i nvenkiHenHogepfregescy blécks (4ptoof50) idiA) iarguset @rigfacily inteopeiobeionf Pain t wo
hal ves ar Oun?reaugn%y of typical echolocation clicks is about 100 kHz, but frequency varies con-

siderably with specific echolocation tasks. By manufacturing sonar reflectors to reflect

at this frequency and attaching such reflectors to underwater objects, the objects can be

marked to guide such mammals. In particular it is possible to train dolphins and the

like to recognise particular sonar reflectors and to use them to take items to the area of

the reflector, to recover items from the area of the reflector.

[0025] A problem that was also identified with acoustic reflectors of UK patent 2437016

was in manufacture when an elastomer core was used, the elastomer cracked

sometimes on curing causing fissures to occur within the reflector, affecting its per-

formance. One solution proposed is to provide a hole in the shell, with the elastomer

initially poured into the shell through the hole, cured, topped up by overfilling, cured



[0035] I n a spherical acoustic reflector the nethod of manufacture conprises
joining two hem spheres together around a spherical core. [0036] The net hod
of manuf awowra/are8r7addi tionally conprise the step of spipaTigH2diong1tehe sai d
two hem spheres together. [0037] The spin wel ding may conprise the step of
spinning a tongue fornmed on the exposed edge of one hem sphere within a
groove fornedggn, ﬂqeex@-)spaaﬁdm@ﬂgmo%dhﬂiwth@mbeﬂ egphere. Additionally

;?Liviﬁﬁ@?@iﬁyef#nﬁ%e‘f?pﬁreh? Bt b sty B RRARA HRS iR Eh SheRgs PRS2
net hod of rraﬂmfdamsmt@dnmyher mectetddg faneerathe paviog npon- epaﬂ]um@eﬂhemddeploycd tnhe
shape and si a@eﬁfr d@@ nRe) ﬂ&tpxlv&&e&n'e'ﬁ . Wh Elll ﬂfétrQﬂ%&J ﬁ?ah&% the

said core in ace ere e tenperature iIs be ow t woul d
be depl oyed, thd ﬂ%w:mhesmwmﬁ aall}’l"yﬁt%flthatteﬁ@f‘tdOWQU1€1(‘§’erSeQ€é4ﬂU§HY greatrdenat ur e,

renovi ng t he geRbeHels@RbLSRIIAL &h@?@r thalRf, RiAeRdSkK df ARflideehdtlmshgines of the
shel |, seal | the%{kédhepﬁl v ﬁfe t he shell toget her. [0039] Preferably any

trapped air Ua?P A¥gh a vent in one of the hal ves before
t he veno0in sﬁdmﬁhg rﬁﬁﬁhﬂ&hﬁmgaﬁuhedstaambegumroa@em isorakessed, ad carmmot be

previ ous two Jagﬁa hs ay Kk of nClF%sme?alo¥ ockets and

fissures in dore & Bla ﬂma{eﬂa“ are 1((31 N QoubT OrcYVhIChkl ng

the integrit ytreuﬂreraéf blactl or Botrﬁm&cwmg hieth@tumemredeitateodluheugiyothcmrrdee{ ructive
testing, suc rfac:‘t"&r gﬁl@t}ﬁo&xﬁ é}ﬁkfoﬁ)@%les@ﬁlgrﬁrhe}@ ?herrg laec‘fetsﬁe td &eﬁ%%?, bl 1 hat

stage after COITD i on of e manuf acturin rocess the wit cost is a

reflector dod8ifpsr meghod of prangfpetire plagougis rneﬂe%marlat mgE Py agapigd togpntrol
depl oyi ng t hany eslbfbaAt@pRfdetHhia ﬂagsﬁ@@maﬁrappddagﬁtaphs cores can be exam ned

f th t t f th th of f
ERL AR AR G R PR L KT
el ast omer RTV fhat fhersh¢lheornmises comvaudteV ofl Avé baloasgoined kepdthenaal sprendcik
moul d to the ]ggf*e_l_ﬁ 1 S ‘éhé g‘? Gﬁe%'Eor tﬁessh%ﬁl%' %ﬁ‘é‘&?twﬁl‘é&%hm%?‘évhﬁ&[%‘ﬂ d&ﬂ&‘?t he

sprue cut of core can xam ne
sati sfact oryb}’pplalc(é 1@Snr weldorgestic ref r| gerator. Hem spheres of gl ass

rei nf onges) polwhbt kil a1 demiid & AmbRRIUEHRR n&@%ﬁ‘ﬁﬂ@l&%&ﬁﬁl ﬁx@%u?es% qove on
t he ot her are made 1 n a conventjonal way. The RIV 12 core is taken fromthe

refrigerat or &MY 9t BRPE IR thy reﬂﬁeowhr%%d torthe spifprsrthe ghelidshes e i s
then placed efn bapmwrea with Drefehil dt eRGUBINO b @aecdaefaila@ﬂiterts iea@ani ng the

Socor  shbdins 18 Gass S0 Featithee R ERET By i Re DR Pl BRIt ofife i ng
a; rtth;appedslspmm«hectirea ooy be ahctdtibml thekmesp loe pEsdoctd s@fanghsrrfll | vent i 2 one
cay. ar S0FTLS PRIy Ohb s DRAET R A% L i 1o FEARD B ATR e GERRS RIS
With resin. WERHtSOgedIes stouge papfee Thorey inrdledtwhen reanaéachie is commieie chlie be

prepare in asgfilcah b¥aypropfidtB UGB neASdl B thedhHEindIf@Ng SPHvbINEg Werhd be
te method of preparing the core in many circunstances.

the nore appropri
[ 0042] Enbodi R@F&Qﬁgﬁg WiReteSHAI Nt i on wi I | be described, by way of exanple
only, \Wo32]r eflenienaee bha tHedl rAgafpRo ylemgspdélawitm&ﬁo@ed/wge lof on hemisphere

may have an upstanding tongue to engage in a groove formed in the corresponding
exposed edge of the other hemisphere. If the hemispheres are to be spin welded
together, the edge of the tongue and the inside of the groove may bay one or more up-
standing small tabs which preferentially melt to form the weld when one hemisphere is
turned rapidly with respect to the other.

[0033]  If the hemispheres are of non metallic material which is statistically at risk of failure
from internal pressure, the tongue may occupy about half the groove initially so that
the welded material does not fill the whole of the groove after spin welding providing a
circumference of weakness, for a glass reinforced polyphthalamide shell which might
normally fail at 170MP, the hemispheres’ joint would be designed to fail at 50 to

100MP, allowing any internal pressure to be released safely.



[ 0043] Fi gure 1A shows a spherical acoustic reflector according to the

i nvention in a schematic section; [0044]Figure 1B shows anot her view of the
refl ect orweeen/fiegsym t he directi on of an incident acoustiPCT&IBINBN0511600Ki Ng
in the direction A-A of figure 1A; [0045] Figure 2A shows a spherical
acoustic reflector according to the invention in a schematic section, where

the shegb034]s aansbthexCispettof the iNBingibh ad mBdwl BOniawdfa @ EHS hih Gcobis el @B tor

[ 0046] Fi gure 2B i.hovvs anot hﬁr Vi ew.of thet\ refl ect Otil Sﬁﬂt f rtg\mogfhetdi rection
of an i nci deAtALBE4Y [hE RYRHIR COPREE A TP YHEIAS g PRIhOR RO Y br e 24

[ 0047] Fi gur e h3lvshawsndasomi | ar partial section through a non-netallic

acoust i 19" | 4FLAENIRY AbuleHGrdf D ko1t ALLAENTE DhmpRANSoinkRQ48] Fi gure

4 illu he use ector nounted on a vertic to“mark an
i tem of i nt ehedispheigogpthieripanda pphetistlcates and al ternati ve nounting

arrangeo®iy] t orHeladthshoMakutadthiGURE MdufinAly BomBliseSHP E’t@%bf shiP Qeflifd @dre 6
shows a nore r.obus%hscon ai nmenélf:means; [ 0051] Figure 7 shows an alternative

cont ai nnent  AEEAYOhEMISREEreS [Q2GeF-ated in figure 6: [0052] Figure 8
i | [ ust 160375 t Nehepbaceei edy @nprize tiaf stepedtl aindiga fohgue forsbd pn tHed3p3dedi gur e
9 shows a pi sectiqn '

attached; | Ogg%f] i%nﬁ’ r él’m\imﬁ)th?rsee‘lyii 21 g %;grri%(fvglc;f&gnrlegiggsna% ee%%i? Ogsr% If: %ge{)oﬁ%ee(([): gé)rr Zcoust I C
refl ect or onhemephemeAddiBonaly thisgtepen®y, inf 006 BieRitegpuotaseltidg aprtantinstabsoma
toroidal acoyst fofiglelldqrb e BEARLS AGnt Be Wik | NVeNti on,

[0038]  Further, and importantly, the method of manufacture may include the steps of
preparing the core to the shape and size that it would be when deployed in a reflector,
placing the said core in a place where the temperature is below that at which it would
be deployed, allowing substantially all the core to reach said temperature, removing the
core from said place, and placing it between two halves of the shell, sealing the two
halves of the shell together.

[0039]  Preferably any trapped air is allowed to vent though a vent in one of the halves
before the vent is sealed.

[0040] A manufacturing process as described in the previous two paragraphs avoids the risk
of included air pockets and fissures in cores made by other methods. The only way of
double checking the integrity of reflectors made by the other method is by non de-
structive testing, such as X-ray examination, after the reflector is made. At that stage
after completion of the manufacturing process the write off cost is a reflector does not
meet the specification is comparatively high. By deploying the technique of the
preceding paragraphs, cores can be examined for their integrity before they are
deployed in shells when the write off costs are still low.

[0041]  In a typical reflector, with the silicon elastomer RTV 12 for the core, the RTV 12 is
overfilled in a spherical mould to the size required for its deployment , cured, and
removed and the sprue cut off. The intended core can be examined for integrity and, if
satisfactory, place in a domestic refrigerator. Hemispheres of glass reinforced polyph-
thalamide with a tongue on one hemisphere and a groove on the other are made in a
conventional way. The RTV 12 core is taken from the refrigerator and placed in one of
the hemispheres. The other hemisphere is then placed on the core with the tongue of
one hemisphere engaging the groove in the other. The two hemispheres are spin
welded together as described. As the core returns to ambient temperature, it expands
driving air trapped between the core and the hemispheres out of a small vent in one of

the hemisphere. After the core has fully reached ambient temperature, say after 24



figure 11 being a cross section on the line GC of figure 10; [0056] Fi gure
13 shows the use of acoustic reflectors to identify scouring around an

obj ect, swohloam12870ri dge support, in water; [0057]Fi gur @CTAB2010u51 168t es t he
use of acoustic reflectors according 8o the invention to provide sinple
position information underwater: [0058]Figure 15 is a schematic draw ng of

a nore conpl @¥uRoSk tveils kdilelr Wil edih. 348416 Bd8$) @btandc do89na@l othértdl@fomer
submer si bl e interrogatin

Che went | oot Gusg peBtedn 1 eify Sewr SiE0eh Rt BE LR dih AEERGAGSTa bt "
;;2n321t;er ?Tﬂmpefkynqﬁmn?§hhb@gfmepmhmﬁhggmedmemnycnunmnmmeghree :gsghfic
o oot 0T ARG SR8 R 8 PEERT b b G E R M S ot e
the use of artfeRshiotthepcqopmasying draygngminyvidehit he t hree frequencies of

i nter eghod3n t hegdrk @ladnelys fﬂs?h’é’rﬁ:aﬂ-é’douit%@ﬂﬂa&b%@rd%% folth&! gl EAlSinan _
alternative arrangenent to that discussed with reference to figure 16 using

a wide band SEMMAUCSEHON ssion to interrogate a field of reflectors, each
ref | ectjov4dhavikigura 18i shbes andthéefitwe of iteieltdiasraetefrositthe diretioh b€ b8 ircidehhe

field;, [0062]Fiqgure 1 hows .t he f.reguency response for a 200mm RTV12
reflector w %aﬁ()l%ﬂﬁ%]%ngll’ g)é)gmlgeuln %eo({rl{:eé:gorbg\f%ﬁﬁ?lﬁg egln%’de shel | ; [0063] Figures
20A 20B0Gdd 20W@Qxwhavw shawis esphamapowesticsretlectbieacgering to the maentfcacnar i ng

process to ”@&%nﬁﬁ%?%ﬁf&n?@heﬁe%é ﬁﬁpl% cHEREE 89? h%teiﬁ'aﬁlga{l@%gontgvg dB0Ga] Fi gure

21A shows an asse acoustic reflector nade fromt nents shown in
figures 20A, W¥®vid 20C

[0046] Figure 2B shows another view of the reflector seen from the direction of an incident
acoustic signal, looking in the direction A-A of figure 2A;

[0047]  Figure 3 shows a similar partial section through a non-metallic acoustic reflector
having a plug with a ring attachment means;

[0048] Figure 4 illustrates the use a reflector mounted on a vertical cable to mark an item of
interest;

[0049]  Figure 5 illustrates and alternative mounting arrangement to that shown in figure 4

using a net support,

[0050]  Figure 6 shows a more robust containment means;

[0051]  Figure 7 shows an alternative containment means to that illustrated in figure 6;
[0052]  Figure 8 illustrates the placement of a line of reflectors from a ship.

[0053]  Figure 9 shows a pipe section with elongate solid metal acoustic reflectors attached;
[0054]  Figure 10 is a schematic cross section through the acoustic reflector on the line B-B’

of figure 9;

[0055]  Figures 11 and 12 show a toroidal acoustic reflector according to the invention,
figure 11 being a cross section on the line C-C’ of figure 10;

[0056]  Figure 13 shows the use of acoustic reflectors to identify scouring around an object,
such as a bridge support, in water;

[0057]  Figure 14 illustrates the use of acoustic reflectors according to the invention to
provide simple position information underwater:

[0058]  Figure 15 is a schematic drawing of a more complex position information system
showing a sonar fitted submersible interrogating a field of seven reflectors in ac-
cordance with the invention;

[0059]  Figure 16 illustrates the use of a wide band transmitter and reflections being returned
at one or more of three specific frequencies from a field of the kind shown in figure 14

comprising seven reflectors;



[ 0065] Fi gure 21B shows detail of the tongue and groove arrangenents of the
acoustic reflector of figure 21A before friction welding; [0066]Fi gure 21C
shows detwipl20ofo1e87eé t ongue and groove arrangenents of tReTGE2DBOS0r610f
figure 21A after friction welding; [0067] Figures 22A and B show an
alternati ve hem spherical arrangenent to that of figures 20 and 21; and

[ 0068] Fogan e 23dure B7 amebuies ftwisa oh e miafghige: ealsnfigihk @atyodt iashesittedentsésng

t he hem spher stof tf.i g{f{fﬁ 2@@ ang4_228. [ 0069] Referring to Figures 1 A and
1B, an acoust s REHId 8 W6 'ses a spherical shell 12 surrounding a
core 16006lhe dhgirk 1§ 2lussrafes amelderhatove 26 gghas so fabdiscuse¢dvoh caderence to

pol ypht hal amtf%gre l-la]@suggoi &/icﬂeaoaincci sgﬂ;ﬁ[t ﬁsmi[sgg% @}1@?‘3’9{;{’%&% 1Y Sﬁrehgctors each

transmtted m an acoust| c source (not show incident as shown the
out si de wal | raflecei hgniag a differentiefledion|chpagiedsisusothert indhe fitldsi on wi ndow 20,
Its exqmezgl amehat 10ehags fieRrAdanty epohfitofh 20BhAI RPY 12 Relee@ hlith ALPHST i C

waves incident on.this w nd 0.ar ransmtted through shell 12 and into
core 16. [Ooggﬁssﬁqﬁ%tjgf%eipﬂg’ﬁg%ﬁ&é&?ﬂ@ﬁﬁ@h%/ave striking wi ndows 20 pass through
t he she0063 he Bhetd 2042 20Btaad COC 8hd® vatioush®nipoaeiste e be fised @l a pRntfacRGingn t he

i nside of shell 12t0?rﬁ£(osi tg wia g%w 20 torclpngg {Oef‘nl egt ed back to the w ndow.

[ 0072] A port PON OF SR ERY ThER5 couﬁ?nelc?nf nto the shell 12 and

gener atfé@dodhot Higiragt Ashawsl an psambledsieoustiv eefle@@rwiide Hrcam thegoimpedents shvivm t he

shell 12 ar o?lfgﬂ IS 26Ar SOl e. The strongest waves are the elastic
ones. For re e%tors in accordance with this invention, for certain

frequed@®®d, tHigure2aBishewngeiaid of thgvengueagd graayp arrapgements| of thgdqoustic and t he
reflected aceaffdctdr oRFikie N Bifoletaci@Cabldpgt Nt 26 through the core are in

hase wj ea ot nd conbi constructively, to provide a_further

P nhancalOqhar T duedh 206 Heer GG ghie SR GHS o HireoBaR HSRR5 Bt he
axi s of the rfighteeXitfoaftqrrfavtich weldmgst r ong response 32. 110073125% gl ass

fib . ‘ L ani ; ‘ c o VO
o SRR AL 5 & FURLP e Ry RO AR PR

al um ni um al 26ysd @h; atde ot her hand have a rel atively narrow acoustic w ndow

ei ther 1§h¢kg OfFiQd}eQBM‘BQﬁ%H@ S ashérﬂi"sﬁ&bgfaalt@ﬁeé&ealskemﬁlgd {hﬂﬁg gler ection of an
i ncom ng acoustic wave, If a tangent to the surface of the Shell makes an

angl e of | esdeiRReEsOLfigHet hed 84 hdonal , i nci dent waves will be reflected
and not[o@dygor dlerrikeWeFiiuresi 1fA iddel B,angesistitedas a0 cdf@tiSesaf spheiscl tian

first chor oudn WP ETECouee g (e el3aTERYER frlfl ERB S ARG SR
figure 2, hepbthalnadoddkicorer Bf ik &t\012.10 conpri ses spherical al um ni um or
T om al tnh AR eys ot LA Mo BnREb R dpur bR iy, s iddt T
(al t er nat i velhowmghegiusideovialbas @ﬁsl@i/ldgt Sheshetihgs 2cqustigl sanspistiorsaodes 2. um
carbonate canysRgadigfEheter being dependent on the diameter of the shell, acoustic waves

incident on this window 20 are transmitted through shell 12 and into core 16.

[0071]  The incident acoustic wave striking windows 20 pass through the shell the shell 12
into core 16: to be focused a focal point 26 on the inside of shell 12 opposite window
20 to be reflected back to the window.

[0072] A portion of the incident waves 18 is coupled into the shell 12 and generates both
elastic and transverse waves 30 which are guided within the shell 12 around its cir-
cumference. The strongest waves are the elastic ones. For reflectors in accordance with
this invention, for certain frequencies, the elastic waves travelling around the shell wall
12 and the reflected acoustic arriving at the focal point 26 through the core are in phase
with each other and combine constructively, to provide a further enhanced reflected
acoustic signal output from the focal point along the axis of the reflector providing a
strong response 32.

[0073]  25% glass fibre reinforced polyphthalamide immersed in sea water has a very wide



[ 0074] Acoustic waves 18, transmtted from an acoustic source (not shown),
are incident as shown the outside wall 14 of shell 12. The shell has an
annul ar twernsniyE2876n wi ndow 20, its exact dianeter bei ngCiaBentarsticon t he
di aneter of the shell, acoustic waveslVi nci dent on this w ndow 20 are
transmtted through shell 12 and into core 16. [0075] Al um nium has a w de
angl e transnmsigleotowd tirdoinded, Ab@utiudQnd el@ﬁmuﬁeaaIHy@gnttMth&Q%qeha&dﬂe réner gy

oot S St Ty OB PS5 Gl B0 125 PRSP
shell. This rt}m}ihmctmm oS ooimommgtdveusaiewivar If wi et @Oh(amr@hewhthemhéli gures 2A
and 2B. 50% gf, g& égiyleé 2}‘%8%?% Fﬂevké it g&ﬁ‘ﬁ lﬁ+ Pgﬂt%a%@l Wil B@&?le@t%%goo In

reglon 22, whi centr circu pass I nt
al um ni um Thad netnaénsmbﬁ@ Howeavgy: if e tantgeaionas péanglaef lesy hae abeyt 66 there

reflector. [Q07&-bhe mEB?WQIé%o@‘ﬁ@%hdl&V WU EenSilid M‘%h L0 ﬂvsml@mgﬁ%h@aﬁ 22 8355
rough wi ndow

t hrough the shell the shel | ﬁ)l Eore 16: t %51%8 went

20 fol | ows aA“YfiHEM4AYe E?rb‘“s‘gerst %fl?e n& 15;5%&119“‘241“ G RF OB IR Yoi nt
26 on the i nsoden@hsésr‘s@hénchlzampmﬁamtcﬁ- a\lunmﬁﬁm Rll?owségmusmlsurrmwlsgﬁh@’e 16.
striking Cem’[rhe she\:,ﬂ Mls\% med (l)rln% un%nfu%'{lo he core 6210 yiﬁu aﬁaN (]\Laﬁé nt 26.

The acoustic waves ave passe ugh wi n P{ected
back al ong t Be52¢nteradtivplytthe 818901{ U@?d]alAstpmet Ra1Y ldfloaded ancﬂQfVemlcmves 18 is
coupled into 51*?5% a?tQ‘EL baldse@Nd generates both elastic and transverse waves
30 which areC A éﬁée he shell 12 around its circunference. The

st rongdd¢74lay e%coé}ﬁté,f Wh\@SéSa@msenWe%Qm\mepeu%lﬁ SOVFEE E191 SRV TTEANGIdEAL he
fshel 12 a_nds,hdwst?1 ﬂférdli‘ltsl@ WA 14 Bf ﬁegqadaﬂ@glewﬂah ah ah@#rrtya@i@ms@iamlvfiﬁ%\ﬁeré ain
re- quencies, the elastic [ .aroun wa an
the rari oot eVatuinett orr Yig detendiie on gRa AR B8 bRl Goghbe hevEor o ar o
i n phase mﬁtmum&mhomﬂheWH&mduubmbmmemnmmsﬂﬁuugjMeﬂﬂzahdnnoommdé a further

enhanc fle i ath
28 pr oty dufmREHEL e LANSta RS RBL bR PRI MALHLE, o,
40 accor di ng 3% Qfﬁhe emqngoemt 4fldrﬁC@@ﬂﬁlph’t’35’é§tféil@1@B sudzceanhan angle pbabpgt 25°
penetrating C—Bg&l %t% atﬂfﬁen@@f &0t P \thﬁaﬁhﬁﬂolthélgluhﬁ;mﬁhll shefl 'M‘h§ h a WO
2011/ 012877PCT/, 10/ 11 silicon based el astoner nateria

The shel | i s394 jshewn @%FW%PE@HWH@W&Q %éhawpdpéﬁgflr@@ﬁé]anﬁéﬁ ﬁ@%d?éf ﬂsﬂ2 of
hol e 48, cor reﬁa@gamdwagestsmmhgtheramﬁﬁmmﬁ burfette @f 90°he redied £2,4hit1sisafceatrgmal | er
di aneter than.the out 0){thﬂi':zllﬁcorres

(%ndlln t.o OJIl}%l wal. | 45 of.shell A42.
[0080] A pl ug CHEHIAE gy FilF gl P T thesatyminisie Th teriiipefierSrisdeilids 50
decr eases i nfainathetserfaderarihe feflectot.si de of the hole 54 to the inside 52. The
hole 4 th t
oPde o0l e 1”@8 RELAGLE ATE SOt QUL 00 [P 2 bR BETRALLE 110

st epped port |ngﬂls otaeriedd: ‘lh&ﬂ/téats‘ﬁ%ﬂtlthprﬁIEWﬂ@PWn%ﬁ) foHlpws apaREHar ofpfen the

lolt ug IZ rOE ats&dloﬁégcppﬁgmg gsrséla toc@mhat@emﬁlﬁtrze%ltﬁelﬂé@%%f§&1g§zMﬁﬁ)@léhed g

st eppe otl1 ons n n Dl e a e | S (0] ea on
thepgutsPde %P@%%?offcquﬁec BRVES t%ﬁamﬁi@ CetW‘FéP‘é(B%lﬁ 4%% 18\%%@{16%11{381%%%. xed
to a post, stﬂaenﬂbbalqmmtaﬁeTh@ﬁcoottEwWamdlﬁtm\teepsasmj teetugh WORBIsTIeandi@x2e 46 i s

initially rou%hehec efga&natlo tgecenr{aa]i] th% t hrough hole 48. As the core
material is a O CUT €%, Ptk ge cracks will appear. The core

mat er i 400774 t he pomloppédleupcwmthvafvasr thsrcovplee intatherdhall 12 agdl gegreratgs both

overfilling elaéf‘éjalﬁgééﬂgvél%é %@& 3f0%1%91'i Gre r%?%fe% t}ﬁf?'&% s@&@ﬂ ‘?Q'af"dunh%ts @m)ved
and the plug 50 I1s i1nserted i S exa
al um ni um as CP@f@ﬁ@lel Tlaezstrqnﬁpe \e{vpmrﬁélﬂeeelasawnpm\ghffreﬂ@rm@tewlﬁ Whighgform

gg oust Ih cI Si 2 glaé shenansai Ttﬁea%r@mmdn h&@r(ﬁdﬂl@é kwithFthis @ﬁxleﬁﬂombldéte@@uphﬁt heI pl ug
in ol e | S 0SSl 1S dO a at | e pl ug
20, Mol g OneteiRnbRistists anRe s AR L T el T on e o
65 to form batowedo atrhéngitehppidalgatint@oshedghie @2e arkefin phee mmhgsaa]mdtlmhaid are

of dissim | Aol EbAScrhg {305 PN hHRP AT PdnaNd KOS Al s lE

constructed in
wat er pressu uf@nwhlelfoctaé pdint aloke eyhtﬂfiepr@\rld@g|ar$t1pnec€ép0nse 32.

[0078]  In figure 3 an acoustic reflector 40 according to this invention comprises a shell 42
and a hole 48 penetrating the shell 42. The core 46 of the shell 42 is filled with a




[0082] Refl ectors of this kind have different frequency responses for
different incident acoustic wave, and that frequency response depends on

t he t hi ckwegse1iafizg7ne shel | . [0083] For a 100nm ref | ect or PeirtdB2ar/0RTM112 core
and 25% gl ass reinforced pol yph- thal@dm de shell, best frequency response
is obtained at 450KHz wth a 7mmthick shell in a 100mm di ameter reflector

the m ni mum @ﬂf&@ﬁ berl eRR&hd ntitdlal RTAYUEMTY shéll RIBKHZIaw refhf@rcddpoBipal | .

Wth a 2nm shlg best operational frequency is 690KHz. For a 200mm

di aneter refl aé%lrd best response is obtained at 120KHz with an 8. 8nm shel |

t hi ckné8&79]C Hihe ipoiad2 otade Agscoaegpohdihgio gieahher b0k of te dmith 450KH2, 8. 1mm

180 KHz, 8.3mm aﬁéﬂd@;@wr hn ?HE‘BL&?% ﬁ%o&be%ﬁ]m %%%'@#%vauﬁseoﬁh%g%z for &

pr acti caI operatin uenc ector 1's about

300mMm r{@%(&ct o‘}‘pmg Oﬁdlﬁtbfpb@lat‘lf%@ﬁas a figltditéhregini ThaplugpP dggresses indigrmsier

;8{)' Elatz or5 50tﬁfb%{ thedARIR Ferd B8 53FSthbikidd 2 Ghd hEII@ 48hkaﬁk1|fé?‘%§a§1 belrfgotnbﬁéﬂédz mm
.5 mm hi ckness a. nunber o

har moni ¢ resﬁaﬁg%@m @Séff?gﬁﬁiﬂn&fl lhlithﬁHéer gﬁacﬁﬁm@ 7(BRas CORPEPORGINESEPS B2 i n

nore detail \i\ﬂstshlervmmffhé steppeOfitio Cimite haeé haall D’fteffdrtdg tailss, h&hwal |

t hi ckness |nf| e19 012877RPCT/ GB 0/05 0 Inflgure

4 a reflector ffdz aP]l%uﬁ Ve gl—rﬁn fiéngst hown® ég% ? el[ecglﬁ yepr%:unt ed

on the verti cpatlomseﬂﬂ @dlﬁﬂZOIrotﬂnsaﬂxammmémnhwéﬁ/lsjmqwatd @ed&e ontvalersafthexct or

i's connected %eﬁ)l%éﬁaﬁ?% ﬂﬁ%b@sﬂy}&l&%qg 6L kREd thfp(fs? %%@fé%é}tﬂ% orljoglgert 0

buoy 144. Aro he eye 136 nounted on the re
ei ther on thélnéfffM/@teéﬁ’bEﬁbvm in figure 3, or directly to the surface of the

reflectioogi(i f BRRO&MA i@tlﬁham;pfdmgh tried mﬂﬂ ®8d ﬁﬁteih@l ﬂhﬁmtgh @okefst iAGdhe &ﬁ@l e

140. This system n f?@,e be used to rl'(a 1 dBﬁg or itens. ?
interest. a& t‘? E‘ﬂFFrE’taBHélé%“ S pEEr R }t/) PREBREe % be

mar ked is | n t}a:nttop;aald upewitlo further @crremasmml eslightlyovsitfillbimg— ed aeit slloveedctess can
be is i WOSGQHI%”E%&]%S S e n{}%m%oe& Jﬂl; B%ﬁ@ %m%{s}tg'&n i ﬂﬁé é)&rﬂ’?plé)[ the

reflector wit curre m)verren réne 'si uatl ons
the eye 136 wiugShis @sﬂde@&ﬁalymlm@ma&sos @hetllh425 thig elirhingigs enyint¢réerenskvedrbe i s

contained in,ayuREt sﬂgﬂ% t§a!ﬁ§1ﬁ%ﬁ&@eaﬁjolﬂﬁttﬁ\@Q{%prﬁcytm]q%elé Qo@ %&?lﬁ%‘ﬁ@i&ﬁﬁle 142 (in
figure 3) rather th fixed by a rope through imlar

arrangenent s 1%%9«%81@1@ a%@thé@a d%e @hé?@llfay fofatingthe @B{ n§> ttrtg tb%ta%aﬂﬁ@aped
algal ][lst aI vepbitibak 60ah& 62 ca@m;gra @R tian &Tﬁmloqﬁrrﬂ betiee g s}}?é@éd pdﬂi(br{cs|60ng
platformleg erical a reflector. of t
pratform | e 005 b0, sk o & o Ry BupBagRe L SELLIR Pt el

pai r of wheeltls Iﬂﬁgamdb920mttdqteslpmhe‘@1y84bbﬂ1wk1nwgadtatnel gluadh iofo pachOnbem Wi t h
its hub 86. I : ub ows a cable 90 to pass

t hrough and @jgl?‘%t?%%ﬁ}é%gsuw%ﬁ?évﬁ&&&%&ﬁ%@g %Léal d 94 is fixed to the
cabl e 90082the Refilsetoss ﬁzhlérkwdglwvardeffeg@ﬁefreﬂv@@ywsp@nwéow fiaepnt ingidend
portions (nOtacéﬂﬁWaVé)a&%ﬁ'tm fﬂet]@éiﬂ r¥dpBRdeSieBend i tﬁ@thlcﬁdﬁgssc(ﬁﬁﬁe Qfelant s 98
engagi Tg v;)a xt elrg r eads X i?l d eng E%rtl ons, kee tays in
pl ace, [BR>1al S ait B ceigEy o Fgresnd LR gaggdeigiore 8O5Bko; hat i on
of wheel s 82 tlan£nid2 skell stItEﬁ;éqﬁﬁlcly?fe@Uﬁsha it bafaidebiat ¢5{geHhaJ$tha Mbbhmk Islndﬂe
appear ance. [IOO%éThedwhee S 3 92. and StﬁXzﬁo eralonalrfou ded .

suitable plastic m PSR Cor ninn{nrll ME e pqu%llcyons the cage

81 does not @VeKHy witht 334marséletlownhwc?tmmmhtlhé)esipmemtlpmi fwnucl‘rcef inoYistz.c
reflector 80pbYboGhSAIGedks Fega@ae%@s% re@g&&@n@m&n@@att 1%1@-?5\»1% apBRfRn Of the

stays and spokes %/ ound to absorb some acoustic transm ssions
beyond what isBel Héﬂ@dﬁa%@ hse paint epdiaps are 4ovashals IA0KHEE 1 e I WEHZ, 0 t he
arrangenent igNnihd80KHz, TS%rﬁQQWKP@LS IQWﬁlrﬁQBd)K(IﬁdM\()hﬁh 3001{1% aftet y of nylon
monofi | aments .100 ext endi.n \MQE} @ g&gﬁ j{ it has
been found t BHPIRHR Sraghral 8‘”&8 re%‘ien“ﬁ%&@ @mr%@atwa%@?h t-afgénent
in figure 6, 3bemhavesicaocaptimbinyopeMtional fiauefidyl iaF0 KHoHvith be.dhmdeflgmorcal | y
used in fishi I i i I [ Fﬁ{] 0090] I'n
both figures Og%gllﬁ%p@gfihilg& {){: 166 g%fﬁ% tf%ﬁg&%%% ésqirg{nz?ﬂg“g% r5 geach
cage 81 mm, and 250 KHz 13.7 mm. At each wall thickness a number of harmonic responses is
obtained at higher frequencies, this can be seen in more detail with respect to a 200mm

diameter reflector with an 8.8 wall thickness in figure 19.



contains an acoustic reflector 80. Buoyancy aids 94 can be used to maintain
the acoustic reflectors at an acceptable depth, if this is required.
Qobvi ousl ywof2otma2srcousti c refl ectors are to be positionedT@B2tsswa bed
then the buoyancy aids will be omtted. WD 2011/012877PCT/ GB2010/051161 13
[0091] In figure 8, a nunber of acoustic reflectors 10 are to be laid on the
sea- ﬁqua@g. ]]Ih eignﬁa‘zlt @feltﬂeb@r a0 ecdordikig ﬁbGtgm igveRebh & shbwn galeanarﬁeslﬂy %ﬂnt?-@g nt ed
on the back o ca iLn esse t ow to nar.arra
Tyoi cal Iyt nendBnratf Bt 1 P8eh b Rieny e hVigahsd e FauTRERT bR dl et em
such that t heo aetitiegitaabk 180 coayecabgte dohstecadikle 18320 Whenl4hdyropeddh t he sea
bed 150 by a i f L d bl e
for a sonar rora) M ey o BaNAYEARE10. SREaTH AP e iR PEDELE)
particul ar r &f Peditastly iothesyripgenfithereflsetor Gherprapsieae) Jains He ailedtoraldciarnthe e
information 3bAKh dBR ROSThIsQPst@h chf theh ®khBEd ®mAR watdrfobjddtsSorlignire for
each reflector when it reaches the sea bottomit is possible to plot the
position of EYESof the reflectors. Previously this was only practi cal
usi ng qodsar dheome bireursdtiices, eApdchdlyghhdnths objast tb®e matliesias ibeddalsegign ar
cabl e I nki ng. NGy LNyl ARl o 1k S8LONTa, B f 0BG ENAI e 0o DB GOul e used
dependi ng on tRe I e unet ARces” ?dﬁﬁﬁjﬁigure I%ﬁoms a sgﬁenaPlégd?agram(ﬁ
a pi pe secti pmA30the jinttergdianistof the miledser wish tiddland atgegyhovedenajuchdloisi i ¢
rod refl ector eac [ ' ' ache |

e§tr§‘ﬁg 51?1?5&:1@11@&1% %}rg gg&gwﬁlpbﬁetf? 82%% 4voit thE, ﬁ{'ﬁ i L86d Rftector

conprises a butyl or calciu onat e sil1con el astoner 934
sheat hed by ancaftaipghingfet iheswpended herveasabaey dfbanbspanigrweiabukt? @ wave

speed of 164@@§K¢br@m@qg@mhkaﬁgymhﬁﬁﬁﬁ&yghaﬁgﬁihave a shell to core

acoust i ve ed ratio of 2.95, within e.range required b he.

o oant IR P SRR Bkt B et Fors 6 TR e Tt Ainst

al um ni um coppertical bigye, sweh aha k@auehion bobvidgegaiarudililiag pavfermpeed t hat

al um ni | o . C. | . i ndri-cal, . . . rs
oo o I3 B TR SopeBi AN Tie IR o O RTS8 Rl 16 L SO RTLE
mat eri al , whilchcagerSlpdhe cegel comprised apasof weeedd Jhangd Vnwvitl beakeg 86 lifikinmthehe

pi pe section .gndr IcRVERESwRINYs BIESE."A Galk s8R HCELhRf RETMEL RBEWEE Babld HE
reflectors 932 are attached to the pipe section 930 throu%gﬁ$§ftandlng | ugs

942 fitted td° P typpasandrhiratiaghqddeiths whegleA payaney aigh 94 is Bacthlom t he
pi pe secti onYOWIdwhesdbBind e HYseRsatéd b edyd 96 hdvenead @frtidRanbi@dwhn a

conventi onal manner. The, pi sectd on .930 has vent.i onal, end fl anges 931
oo ThChol oot R haygGreA S SREV Bhg SR s e M SEang  BREES, o

pi pe sect i on onithdsaidhendaptisttsi keep ﬁfe! segytson placarbubelspplddva b casy éidmamt_lihgnﬂ_ and

j oi ned by nmegps, EStl.hﬂlé)&lnflbi&Rioﬁ%f'\xyh ER%27:h30985Rq 935 9%? AR he daﬁghlié tted
pipe. In this way, a pipe Iine itted W th acoustic reflectors cantbe
assenbl ed as apapbindfketapeesiditaal process for |aying an underwater pipeline.

[ 0093] I[pogaper atrieGdeReB2elnamaahng sagous hictmb@liéEmt Ofupa®lb phlsaé hfte@iaMalck akn
exactly the sa as theligher|c€l reflectors shown in figures 2A and

way,
2B. This i s SABWFIFFGETYN aPPLatipNsIPS £98€ MetlPes N4 Ty FHALTP (Y UF BriPan
acousti c soubperafliobf thbavaystic ssfrcion 8 dantt asnestiemwendss (depermlingdmihe avdinlbe
936 form ng tshzgs Sﬂtﬁl | taOf arcf)sd O?(g’s it Tge btelfgl?ndgtggbeoé iS(l)Di ég (;[us e I imqglso S
di sposed in the s of P hALS RO s PFARS AT S S 0/ W AdBws 1S ¥ EUEh P hat
t he i nci dent baypeuswhat ivdpeewdde be heveptablee regi ons efficiently transmitted
t hr oug t i t: i 2 Wl be
' tho TOA R B g e B8 Ty SRR s T A
the ot her 942luiplity of gylenappnefilamanic IO efendingoietvers themhgele 83and He %?T i nder .

The i nci dent dagmitstit RasviRYE Sounl e Gikls Whindewedd d1théldhQ¥segd Bah thdal acr oss
the centre of the tube. and tBer elli ic$§@é}cro%ﬁrsectloned Qath 52 from
the el lipti c&MEEREP|D gﬁ‘&‘o@ﬁ’@ AASTREY % mapeigazeryl iiad dpicallyy ar e
refracted andsddbiadshog lowrt & suffiaientB54droaf formbisdppladatiphhe cyl i ndrical shel

936 op ite w . . v . r ected
pack aTgilc np PORiere G BEKEReEDo Ak e ity daAndhe, HAELEERL 2
transmtted apolamd anreourtic KflectonBe. BBEaney sHoWhcdybe thed headidkiaicows in
tube 956 and,thrge r&g&g}éé;ﬁ APQRSI AL MR Mr Ails it A& uieg UShvIadk itk ddaGstid th

wave on paths 950 an to provide an enhanced refl ected "acousti c signal
out put 958 odgtlestors pis tp Be patitigied qngbosqrdetibrighe Prheyaervaigatall Pepmiéador ~i n
figures 9 and 10 have been described in relation to



a pipe section, the reflectors can be applied to other objects, such as oi
rig platfornms, accomodation platforns for workers at sea, and other

obj ect s twoRkelpliagred under water. The principles can al oThHB20mpisiwd t o

| and based obj ects such as gas pipel iBe as di scussed bel ow. [0095] Al t hough
the elongate reflector in figures 9 and 10 have been described in relation
to a pi[p@igectlhdigurd e nuafbef 6t QodstavllBRoBAP|dre@ Bedaidtdhahe O} IREILIS). Theh as

il ori | at f ti tf , d oth
obj ect o o bekn e TREE Pharae TxRbh Sl d B malRl thanEhag et asiPE ol
| and based obpsel Bsweimgastogad spngyealkiana Sasl ypictly slsechblemaybe TO@M bonmoraal

flector 64 i : i d
ol yoht hal antyenely BYESehh B el b RSEIUTOE 0 My HofE Ty ShY B20°1,
as the core Mden2izgicishe pesbeldo0dy ayathiphtherm tarhuaransy ninans|for ¢rapwte, it

el ast omer HB624hsQib1BP 2 séifar kRBAICRSR 1RABWEOhrra) UFE ) B Peféctdll BRRMbyd@psi ti es
of glass reinfor cerregegf. Cab,m um cgrlﬁﬂonat e | oaded RT'Vﬁl i S anot hér. possible
eGiof KV 2l e

core nateri aPafislay P HACIREAPW e tHREh A With 85FUr D HYBTRIGst i ¢
waves transmabdb@dhd paiicarofakotesietor SGUTfaRisad dorerfor eiehtre fioetdrivehemit @ndth
surface 642 of th ef l.ect or ..640. Propagat.i on.of . acgust.c_sigpal s across
the core 646 i 2 BTRACERENIERF Wi PBRETRED: b T ISR DEFRIER Bedice t a
poi nt opposi tlgs whae oslygaaaicali yyoi gheseperakeasibimessnblelesitidulgk this basvieeen Thgeribed
materials ar g nhoseheSikihath@indiiGudi AfleRec?d € BRGSO Re@bARING JsBg core 646
in wal | 644 to ?hat t hr ouéh tﬁe core 656 Oi(l)si agglzdr(:%ance Wi tﬁ this ?nventi on.
[ 0097] Tor oi d&rPEEin he sirpyEancee advant age for sonme purposes in that

str ongqgogng Lff:i%lir@ ?%h@@@ab&}[e?ﬁ&i@id & ﬂg’@?é] ;ﬁgtssétfdﬂ%t)?ﬁtehlr\ﬂm 4 ﬂuﬂn%rdﬁ, 660
conpar e W e 0] [ 0 om n ur e e ower or 0

oD et on clrpagie s8nieaP GELOE o SPEHD A bR e TP Pkl Orhe
sea bed 666. ré&lesaricempdfesacnirdtdrcalcain eabarase baded Hocn BB rard386Healsed

q i bed . ; i . -1 f
esor L bed W By ahShBFRRGE b oL AULE nut Bl 8o TONREG. beL y LSRR Sur face

around the pi ( ' eflrectors can be naccordin
i nvention, sghebinedWithedlonigaure heyd 4 sitdirts car agessdiciviped speedfirpguipes 99, and 10,
or toroidal 38miVRe2Rob/t %ﬁ?“a@?ﬁé ﬁﬁ%ﬁ%&{ HR1A6d c APbRAGEIREHardl ﬂflel gures 11

and 12. Toroidal reflectors of shown_ in fl?ures 11 and 12 are
i |1 ustrated. OPHBHSE PYePyiRe BN BH/coRPRS 35eyS WBIchdAE [QVesBeRHstis Have eReeted can

be ]thsed to mﬂlﬁdﬁ atuhﬁnigﬁdﬁbmﬁaéhQf@bngﬁﬁ@eylﬁdﬁézﬁr@has 9\7'98' of t}ﬁ@mﬂec&)m:ﬁzeia bedb 4
preferentia ar.ou t port item 660, .event ual. wer i t he sea be
Pever to cov gt nfol TR Bl sy UE B fink e Ml Reb R, ol o
t he sea bed. phdtcekt isohutasfthe hluminieml teleds$I36668n e pipe ectiogatd pavdys @ysonar

signal wll ' I ' ' : sibly
2t fontion. | SUoH|AEeARuaR Heb Bt Pl RHCHDLAD AL AR he RS
i ndi cated by 9B HuoegBupsindeedngs e fittegtothe Ripesx pbe eadleciri &R eleayicplidi cat e

t hat t a pot fentid(ﬁdtéd’{rgﬁtrm@ﬁigg%&iohy%ﬁﬂhgﬁ@k@ﬁlg?ﬁmtﬂ’{sQﬁ’lt%_g 1@ eg?g(f) t}ﬁqtﬁ s\"iﬁtaﬁrf
nounti ng or support rLtem nmy nee § nt attenti on. 10Ug our
acoustic refl @Ypegrlenﬂ%nﬁfeghe Pﬁ%eﬁgﬁt%%tbéﬁiaﬁﬁ%vea?mraig%d ea@%%@ to suit
t he rel evant hdesitlgieia alldwingat to[ LRHdlAtsanues pipesettican Thadipeatdtiog wievihee i s
doscr | bed herer it ferdiom P Pe bR SEHRY pfo LA TR B e biins of
trident-|i ke imthgritanpep Wvp eeothaiOliie fteed piipe. dn eawbpd gpQlinshed Wth ween t he

llegs of an o ial:?]lfsitig r&ie@&u}rﬁ%ﬂ HeNRlerSOyeY Opartbbf1r tHE B&‘ﬁ{aé Pfd’%&%r la?ff?l%%?lt ftlrﬁe

reflector of the sanme is mounted on an upstanding arm 2
trident 210 SPENARPIPRIGeen the two smaller acoustic reflectors 214. Each

of the [p@f3]ectifbperafion MRl drpale. acbitgicr¥fectdTRbf BigufedS WBfK ilefadAhdauhag a
smal | er dianeter than the 1 | %.[fger refl ectfor 2159%. %l Oéozllé@i sopar array 202
attached to &3S PhBIG! SIlFFOss O A TgRrhor i 2110y is phop fp igtre
10. Acoustic waves 940, transmitted from an acoustic source (not shown), are incident
as shown on the aluminium tube 936 forming the shell of rod 932. The tube 936
exhibits two regions disposed in the shell that act as transmission “windows”, i.e. such
that the incident acoustic waves are in these regions efficiently transmitted through the
tube 936 and into core of the rod 938. One region 942 will be at the centre of the in-



relatively wi de band sonar transm ssion. This transm ssion wll be

refl ected as descri bed above. However, the frequency nmake up of the

refl ect eaweignali2s7ari es according to the di aneter of thecrafBemidis] the
smal l er reflectors providing a refl ecded acoustic wave 220 having generally
hi gher frequencies than reflected acoustic waves 222 fromthe |arger
reflector 21@omiMeisans r}@nﬂhc& aanvil €omnan yisigtc oRaperini thardlfate vher cyRe®iryed

by th b bl t d | f
Y ol dence or dhr gtk LSRR Rt FReOH SR SR st YR e B S, 5500
and 216 fr omctites gfuberbibsiabdl etheKelbipliediyerash sedimndd pah 952 fivnotheteHgpticali dent
210, the le ngf‘tﬁ'y Wmcﬂ)r\xy@ﬁgéfl% tﬁ&d%ry\%% %@rggs'btﬂg Cgl{eb@?)g Jazd Q%r}eﬁgctgc?ﬁ% itogus%rgc’frp ute,

very accurate

the position © ct to trident
210. [0103] Tlknt fétﬁlﬂsaﬁ%defrfémld%@stheﬁféll@tlﬁ@ﬁhﬁ%?e@ eBRQSﬁgWa@%avf%?g@he Maves wel |

know t hat shehtyawawshan@bsr seNRdn r%ﬂ&ﬂé’d Backtal GHpUAEE rd¥p BBh@s I KRhbihe han
| onger wavel e[bcgﬁih sonar SI nal s. is therefore c egﬁ) t the efl ected
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the two hem spheres 702 and 704 when assenbl ed together. A small vent 712
i s provi owo 20n/amsg7of the hem spheres, it is not criticaCTaB2w/osiceh. A
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material, to absorb the expansion of the core material when it is exposed
to higher tenperatures. 1101371 WO 2011/012877PCT/ GB2010/ 051161 23 C ai ns
[ 0001] An wioauslrd1esref | ect or conprising a shell surroundiPog/GB20wesii6sai d
shell having one or a plurality of acl@ustic w ndows through which acoustic
waves incident on the surface of the shell are transmitted into the core, a
focal point tiusrted bipet acoustic waves entering the core back to one of the

ti i.nd . .acterised.ipn th ti . th ) f
fr anemlGuldn’ R GREHEF PSLUTRNS: RAElal B uda®r \iie SRECD ProRdifeaon
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transm ssion 1n the s e average spee e wave transm ssion in
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sound wave transim ssion in the shell to .the avera ergrtr)%zld of th(i waye

transni ssi on 557 96 elasiomer thanpnea be yseddn shallowey the efangrlgsgusing
[ 0004] An acowbatyil or siitdiciedsed elacomediinghd @reltad possibhariagtBe itlsewavenspedat t he

S.he! | conpri Se?ﬁe has osrnerr%iynf f C%dlcpucr)lll Xﬁgtrpafl:% | dglaatggl& ngoPeOE Eur& I{,li SFs 4
silicon based" efastoney. [38 §] AT A HUSYTCT Fet't 888 heE 8t Ing to ¢Pal m 4
char act er i sedn practi¢rathetspecitio elrstomep carstesofRnvseDior g0 Bherepraby altiing the

ref | ector aceo bl At G5 ATl AR ShRkaGARIL AES

ah
alum niumor an a é ereof. [0007] An acoustic re tor accor to any
cl ai m 6 char &2lcByn saBonafe inrhe clarfemepbisdust over K\ by velugss afiigher volumes the

calcium carbonate attenuates the sound wave and significantly degrades the output.

[0122]  Figure 19 illustrates the frequency response of a spherical acoustic reflector 200mm
in diameter with an 8.8mm thick shell. It will be seen that the maximum response is a
frequency of 120 KHz, but significant secondary responses occur at about 230, 385,
470, 520, 570 and 625 KHz. This information can be used to finger print the reflector
in a system as described in the preceding paragraphs. By changing the wall thickness
or the diameter an entirely different set of responses will be obtained and that in-
formation can be used uniquely to identify the reflector of interest.

[0123]  Figures 20 and 21 show an alternative manufacturing means for a spherical acoustic
reflector.

[0124]  Figures 20A and 20B show respectively two hemispherical halves 702 and 704 of the
shell 12 of the spherical reflector 10 shown in figure 20A. The hemispheres are made
of 25% glass reinforced polyphthalamide. The core 16 of the reflector, in this case a
sphere of RTV12 is shown in figure 20C. The diameter of the core is such that it is
very slightly larger, at ambient temperature than the inside diameter of the two
hemispheres 702 and 704 when assembled together. A small vent 712 is provided in
one of the hemispheres, it is not critical as to which. A tongue 706 is provided around
the rim 708 of one of the hemispheres 702. The upstanding edge of the tongue 708 and
the rim 706 itself have a plurality of tabs 710 distributed around their edges. A groove
714 is provided on the rim 716 of the other hemisphere 704, with the edges the groove
714 and rim 716 having a plurality of tabs 718.

[0125]  The RTV12 for the core 16 is initially poured into an internally spherical mould of
the right dimensions for the intended application and cured. The mould is overfilled
leaving a sprue to reduce the opportunity for fissures to form. The sprue is removed
and the moulded cured sphere of RTV12 checked for defects and placed in a re-

frigerator and left to ensure that it reaches a uniform temperature, below that at which



[ 0008] An acoustic reflector according to any preceding claimcharacterised
in that the core is a silicon or butyl based el astoner containing calcium
car bonat ewopot1013% by vol une. [0009] An acousti c refl ectrom/GBomvdireg t o
claim7 characterised in that the quatity of cal cium carbonate is
optimsed to so that the ratio of the speed of sound wave transm ssion in
the shell toudeflspeed igtnddddonaes transm' ssion in the core is in the range
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200mm in di an‘ﬁ} erthffjslr(]:(fjluse‘;f1 en[gbsa7 h%ldlﬂg 10 me ttaha%(er l]1‘4% tﬁlerc%USt | g
refl ector accordi alml ar'acteriséd m"nln '&met er

and havi ng afgétainl W@ldsﬁﬂﬁ brteken t[llempAHO&amhgltop@e 7b4 ITéctvohmchﬁirtM\mqnt o any
precedi ng cl %enaon b Ve8E %ts fifled htﬁ?ﬁéle’ﬁzﬂf?&ﬁﬁlgfrﬁélt %Hﬁmgggg%kéﬁ y of

di fferent |nC|den uenci es. 16] An acoustic ect or Ing to
any one of cla&'lar?fé()‘@dttbe 4@“@%95&1‘36??1]1%‘3&{ in being in the formof an elongate

cylindgpi27]  As the temperature of the core returns to ambient temperature, the core expands
driving any air trapped between the core and the hemispheres out of the small vent
712. Once the core has fully reached ambient temperature, say after 24 hours, the vent
712 is sealed with resin. As in this case the core is an elastomer, its expansion will
ensure that it bears on the inner wall shell all around its surface, with no gaps.

[0128]  The same principle can be applied to other combinations of materials. A particularly
useful combination is that of an aluminium shell and an elastomer core made of butyl
rubber such as, for example, NASL-H862A and B252 (Ref: Lastinger in NRL
memorandum AD733978 “Speed of Sound in Four Elastomers”). The manufacturing
process is identical to that described, save that the vent 712 is plugged with an
aluminium pin spin welded in place.

[0129]  The cooling of the core and bringing it back to ambient is not an essential step in the
manufacturing process but the inventors have found that minimising the trapped air in
between the shell and core is desirable to ensure excellent acoustic coupling between
shall and core, and including that step makes to resultant reflectors less prone to
variation in performance due to minor variations in the core and shall dimensions
within their normal manufacturing tolerances.

[0130]  An alternative hemispherical construction is shown in figures 22A and B and 23A
and B. Here, the reflector 10 has a shell 12 formed of two hemispheres 752 and 754.
The edges of the hemispheres have cut out steps 756 and 758, step 758 towards the
outside of the rim 760 of hemisphere 752 and step 758 towards the inside of edge rim
762 of hemisphere 754. When the two halves are joined, the depth of step 756 is
greater than the depth of step 758 to that when the hemispheres are brought together
the greater depth of step 758 forms a circumferential portion 766 of reduced thickness
close to the equator of the shell. The two hemispheres 752 and 754 are joined by

friction or laser welding. To aid friction welding upstanding tabs may be provided on



[ 0017] An acoustic reflector according to claim 16 characterised in the

refl ector conprises a central rod (938) acting as the core surrounded by an
el ongat e wolalian2sshel | (936). [0018] An acousti c refl ect @cTaER20T0dISNG1t O
claim 17 characterised in that the acdustic reflector is attached to an
underwat er pi pe section (930). [0019] An acoustic reflector according to any
one of cl ai mehelodt@ clifecdrahasiepy 7athdi 138tahdbnithe ¢i8 abv@y gbflidns of B 204560
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i nsi de di anet er e ste as

cor r espondi n@r%feéﬁggﬂ(m)the lptm@gﬂ&ﬁu ARELE feotwéquéeﬂ[]ua?é E&%@Pm R cl ai m 22

characterlse@umﬁmthamxwmmha@kkhwgtlon wel ds (65) bet ween pairs of

corres ng 62..and. 64 StIC fl ccor to
28{?‘ cI alfm; C??Ls(tpl Ctlﬁ%Ofﬁ are ter| seg{&lp StV e ﬁ 89%% 3 1ﬁreséx(;) gorgnal

eye (66 136) 23[\’0@Q65]><Ncpmwby the largkt demeter aﬂmrhdﬂm@let@r@ﬁ;le@aml thé clains 1

to 15 charac%gmkﬁg%hi gééakﬁﬁxf gh§&&%%CLa7qu@0gﬂntalnnent [ 0026] An

acoustic reflector racterised in that the
cont ai AfER i SAnkuqg @é@ﬂsqrhwlwah the stycureshpwp dhfigess 3@ Ut plp sRlves of

interest. [O00&AmANy ﬁﬁ:%&ﬁsln@ 6 BIk@S bOhiAGeaTHbN NG §t6re@ladll MaBdoed 26 rd-ur t her
' ncluding at lalltl%%isy temperate conditions. However, there are parts of the world where they may be
subject to extremes of heat either in transport or in storage before deployment in the
sea (or below ground). The typical core materials needed for this invention have much
higher co-efficient of expansion than the typical shell materials, which can place con-
siderable stress on the shell and may lead to disruption of the shell, or in the case of the
embodiment of figure 3 the plug being pushed off.

[0133]  Realisation that a critical parameter is the average wave speed through the core,
rather than the absolute speed at any point, enables the construction of alternative cores
to overcome this problem. In one embodiment no core material is placed in the shell
hut rather the vents 712 and 764 in figures 20 and 21, and 22 and 23 respectively are
left open so that when deployed sea water can enter the inside of the shell freely. Sea
water has an acoustic wave speed of around 1433 to 1500 ms! depending on its
salinity, if the shell is brass or another soft metal such as lead, reflector meeting the re-
quirements of the invention is thus constructed which is robust in operation and not
susceptible to problems caused by water ingress or temperature expansion.

[0134]  Particularly good results have been obtained using an acoustic reflector having a
precast RTV12 core slightly smaller in diameter than the inside diameter of the shell
which is Zytel® HTN51G25HSL , and using hemispherical shell as shown in figures
20A and 20B. The core is assembled in the hemispherical shell members 702 and 704
as described in paragraphs [00124 to 00127] but instead of sealing the vent 712, vent
712 is left open. The core can expand within the shell freely when the device is
transported at high temperatures, stress failure is thus avoided. When the reflector is
put into water, the water can enter through vent 712 between the core and the shell
interior. By now the core will have contracted a little to leave small gaps between it

and the shell wall, which are filled with water. It has been found that the presence of



tether to tether the containnent. [0028] An acoustic reflector according to
any one of clainms 25 to 27 characterised in that the containnment is a net
(148). [0wO2pAwmi1agroustic refl ector according to cl ai m 28CTlaB2amisticsed in
that the net conprises a nonofil anment22fi bre. WO

2011/ 012877PCT/ GB2010/ 051161 25 [0030] An acoustic reflector according to
any one of C|v&itdfﬂ)eﬂi5:eﬁl’the2<70r6 hiad ﬁfeﬂl&ﬁdlﬁﬁfbrioﬂ a&théitlm(pﬁﬁfteﬁhmm couplidg and
cylindri cal a éoﬁfg% g(%%l An acoustic f tector é]%dc&a m 30
char acter | sed? ] ey kea s ARt oS P Rien P FERE RO bl Eisiiie
wheel s (82 amdtlﬁzi)/elagd\wavenmeedQﬁyhe]corer(thagwatheanM”éVi;z)to contain the
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accordi ng t osk¢lhdens Dot piesansan esﬁileswhqm they gaflectos i hraweht (@ e seﬁmas%cws gi d

tSLa%/St h[ 0:333 @6 Qhgdt Buﬂ&ﬁ%&ﬁi&ﬁ t?&?@%&b@gf the vggtawﬁis?tﬂtlﬁhffie%ﬁé i ﬁl@? in
a e lin rise ponofil amen re ustic reflector
accordi ng to“@ag?qgﬁfgcw BN RARLEP é?Hr?éHteﬁr‘i’Y%%gtanglrﬁﬁ% igures 2k andyepean
fibres are b@bmﬁm@%&ﬂﬁ@ﬁﬂhn%vzﬁmmgmhmtme in di arret er. [0035] An
ScoustUBLE! | 5% B BERBIIE bR AN REGHL S S Sul e one
refl ector acdd?di ngp,.taod a}iwmgewzmr to ltheei qenB6 OEﬁlarcarﬁtlerheséxan |t1|tf: nenghenyt s

Other alternatives include the provision of small air of other gas bubbles in the core
material, to absorb the expansion of the core material when it is exposed to higher tem-
peratures.

[0137]



containment is linked to the containment of at |east one other acoustic
refl ector by rope, cable or chain. [0037] An acoustic reflector according to
any one ovochaiores725 to 36 characterised in that a buoy&oTGER /(55161
associated with the containnment. [0038] An acoustic reflector according to
any preceding claimconprising a shell sur- rounding a core characterised
in that the shell conprises two hal {%ﬁﬂigged together. [0039] An acoustic
reflector according to claim 38 cha ed in that the shell hal ves have

a regi 2\(70(91‘c r edu%%cb@ﬁic%%ﬁ&ﬁ& dofh &Jrﬂfn%rarb'ﬁlsll @ﬁﬁ&ﬁﬂﬁrﬁ%ﬁ@éo& hgid shb@hMing one
[ 0040] An acoustic ref ector accor to claim3 aracteri sed in that the

reflector is sph&fpeHIrIERAT pepusUGw OWéﬁli&ifPPélégJ feopetc pwet wsidepigiude An
acoustic reflect @ﬁrfmczﬁ ItieH shgll tace tedrﬁmm&e@Qntbhﬁé asieed foselchdim tb h’éﬂect ADubtinvo

hem spheres have a wel d bet An acousti.c re ect or_according
Lo claim a1 char A0vErirderdi HE Em oAl i theReR R Bylnd ShpGel et
acousti c refl ect drat agworfdhangpetd obsppnd veve fragdnaissien #0the shﬂmochma\aacagrl sed in

that the shell %ééﬂ%flﬁ?ev\?%@e tffﬁg\ﬁl?s@lo(ﬂfm ﬁfe%&eg ih ﬂﬁ-'rﬁﬂ 8d 941 nternal
pressure at thei ol nt acoustic reflector OI‘ di I’l to any one
of clail®0240 to 4’21 ERBYtEdeBeqtieegcodingHaclagnd @ﬂra@@r@e%@ﬁhwﬁ@ elsthp speed

tongue on its rigy Mdt\me%ahﬁﬁlsﬁoﬂ (PP ShANtd the a&érﬁ@e speédlofl BB 9@ engagi ng
in said groove.

[t 5] An acoustic reflector grcﬁ 8151\-] claim 44
characterised in rtaﬂ HRAR I BRGUE 1§ 1 Be fange of 6{*de t4h SY¢€h of the groove.
WO 20110@1328 77 PCAnGEBa0kR/ Bdct@laccording to claim 2 characterised in that ratio of the speed

of sound wave transmission in the shell to the average speed of the wave

transmission in the core is in the range of 2.74 to 2.86 inclusive.

[0004] An acoustic reflector according to claim 3 characterised in that the shell
comprises glass reinforced polyphthalamide and the core comprises a silicon
based elastomer.

[0005] An acoustic reflector according to claim 4 characterised in that the core
comprises RTV 12.

[0006] An acoustic reflector according to claim 1 characterised in that shell comprises
aluminium or an alloy thereof.

[0007] An acoustic reflector according to any claim 6 characterised in that the core is a
butyl elastomer.

[0008] An acoustic reflector according to any preceding claim characterised in that the
core is a silicon or butyl based elastomer containing calcium carbonate up to
30% by volume.

[0009] An acoustic reflector according to claim 7 characterised in that the quantity of
calcium carbonate is optimised to so that the ratio of the speed of sound wave
transmission in the shell to the speed of the wave transmission in the core is in
the range of 2.74 to 3.4 inclusive.

[0010] An acoustic reflector according to claim 1 characterised in that the shell
comprises a resin impregnated fibre, in which the fibre is selected from the group
comprising carbon fibre, aramid fibre, poly(p-phenylene-2,6-benzobisoxazole)
(PBO) fibre, and polythene fibre.

[0011] An acoustic reflector according to any one of claim 1 to 10 characterised in being
spherical and wherein the thickness of the shell is determined by the desired
frequency of the reflective response.

[0012] An acoustic reflector according to claim 11 characterised in that its diameter is



26 [ 0046] An acoustic reflector according to claim44 or 45 characterised in
that the rins, tongue and the groove have initially an upstanding tab.

[ 0047] An wioauslra1es7ref | ect or according to claim47 charaeCegdaed)/isniethat t he
wel ds between the two hem spheres comrise nelted and solidified materi al
fromsaid tabs. [0048] An acoustic reflector according to claim47
characteri sed i nbetakn t1b@nim 48], 300amgdendkivd, he groove have initially an

t j tab and th [ | t ed Lidi.fied mater.i al. i | so. f d
0t he 5 e Dot witeti B el icr g eBRo S 2 a8y R s DE it 1 ect or
according to any dometofandhaving a38elt 8.848n dhicdr.act eri sed in that the shell
conpri 6(§1f4t]""0 herg S&&Bﬁ&f‘ésreﬂéét% &Eﬁﬁﬂ%% B&tgﬁn%sch e &ld in'beRe TG HEPPEd

0 b s the 6utside dt

portio on rimbeling towar ' of the riman he st epped
portion of the odiacteriandbaying asbolar dyntiHek.i nside of the rim and said

st eppeqo@Eyt i ons AQVRLLARREMNELONR GRS fan] ﬂr&%n@@ﬁﬁﬂhhﬁgéﬁﬁgrént 1{60050] g\n_
9 characterised in

acoustic reflectar according to any.one of clains 38 to 4
that one of the %ﬁ?%fsfewgs %ﬁfurﬁ&w?d{f @&r%ﬁng%grﬁgbﬁneleﬁ-eﬂector
accor dijogid]o cl aiAn kOuahacfett@rdcs@dingnotahabng bfclyiant] bdliehusiceesddid.

[ 0052] An acousti G .rnefirllﬁlcr:?tfgrr %fcgrlghnagegqmadgy one of clainms 38 to 51
characterised in fhat e Shel M Rast R & Calif erential weak area. [ 0053] An

acoust i[@0¥7df | ect @ amoudicdefigrtermcchrding th2laghdbabtrriesend! inrthe feélectoni d weak
area has a fail urg,BRAR Ak HALYERSBT AN ARGhL QM : &19195?41139% @R)‘Hgéds' C

reflector according to claimb51 chafacterised in that the vent Ts unseal ed.
[ 0055] An acoust i ubugrsbelt B36xccording to claim54 characterised in that the

core i goomdier. [ Q@bLhMicasnadd &ch@fga6cRimageahMLResddinGhaAItB RBustic
characterised in régpe%%orgshzﬁtaiﬂeeci tlo alnsunderwater pipe section (930).

[0019] An acoustic reflector according to any one of claims 1 to 10 characterised in that
it is toroidal.

[0020] An acoustic reflector according to any one of claims 1 to 17 or 18 characterised
in that it is mounted on an underwater object and is a scouring monitor.

[0021] A acoustic reflector according to any one of claims 1 to 10 characterised in that it
has a circular cross section and has a hole (48) in the shell (42) said hole (50)
having a larger diameter on the outside (44) of the shell than the inside (22), and
plugged with a plug (50).

[0022] A reflector according to claim 21 characterised in that the inside diameter (58) of
said hole has steps (62) and the plug (50) has corresponding steps (64).

[0023] An acoustic reflector according to claim 22 characterised in that it has friction
welds (65) between pairs of corresponding steps (62 and 64).

[0024] An acoustic reflector according to any one of claims 21 to 23 characterised in
that the plug has an external eye (66,136).

[0025] An acoustic reflector according to any one of claims 1 to 15 characterised in that
the reflector is in a containment.

[0026] An acoustic reflector according to claim 25 characterised in that the containment
is, at least in part, is transparent to acoustic waves of interest.

[0027] An acoustic reflector according to claim 25 or 26 further including at least one
tether to tether the containment.

[0028] An acoustic reflector according to any one of claims 25 to 27 characterised in
that the containment is a net (148).

[0029] An acoustic reflector according to claim 28 characterised in that the net

comprises a monofilament fibre.



selected frombrass or |ead. [0057] An acoustic reflector according to claim
50 characterised in that part the core is a cast elastoner of slight

smal | er dwvermetian287m t enperate environnments than the shelPCTiGR2er0m1161and
that on i mersion water may form the 25emai nder of the core. [0058] An
acoustic reflector according to claimb50 characterised in that part the

core i30@30]el ast giedcoadiid BAst@ Rtobildow ©any bee ¥f dlhink J3asdgBaitaotetikel in
surroundi ng envi rtonrren[t._tkér o.u%h ﬁ%&h wat f;(? may enter and |eave the hollow
centre. [0059] An DL SQUInEepEp | &et'd _é?‘(]:ﬁa(ﬁﬁ' Hg to cl aim50 or 51
charact{edilged i n Arhabuitiveeliene dcnedingap atees Iuwhbiaesriedd igalsat aOSEO)H
acoustic reflect gpy, ﬁ&e%ra\f/’ggﬂ%fto?ﬁ@%%gesﬁ&&ﬁwe@ﬂ (Q%Q@%%ﬁ%kﬁféég?&nfng ﬂ%{:t a

portion of the acoustic waves t onthe's re coupled’int
shel | wal |l and gihgeld t@ pratap thegiefesier, theeacenstisupflerter (8@ dspaspewihiithet o sai d

(06 LT 1, WSS I (MBS 0 e
constr ely at sai oc oi nt Wi ves that had orj ginal aver se
the col@dhe con %eastwareﬁgﬂﬁeqca?rm%g}otcﬁ?%ﬁ”dwﬁlﬁrﬁete%qdéntt%ﬁtt w0 o be
reradi ated from tbepsfetigidistaye direction opposite to the incident acoustic

waves. 1] A et hod of nuf acture of an oustic .reflector conprising a
hert” d0P8unai naaoptl EREHAAERMBad0 Rl Mk Ruln Tk GRFEL 8, §
filled initiallycwnphscopeofrtamentifgires hr ough a hole (48) in the shell (42)

and al g@(\f\ﬁﬁ to C%n%coﬁﬁﬂ%ﬂ&t&pac%lhﬂlgfﬁ rcfatﬁﬁ_r29QQB§ Cﬂﬁra%fi d iﬁgl‘ija,t arﬂ@ﬁd]_

allowed to cure, renoving excess core material is rempved and Inserting a
pl ug. [0062] A mefikseensfibiassis betvaene0-edmayandcotgpndnglafiyeptdpmefetor di ng t o
cl ai m §do3scl udi G 4cB6stRteRe@br dcbbr@ingad awg belicBding BRiRIiHRed 0 ok Rasthalke.

[ 0063] A nmet hod of nmanuf act ur.i nﬂ%fﬁn illcg.ustl C rﬁg gct or, said acoustic
reflector being PHELACBFHRIRLECHr Phalpkingmeant (et erised that it includes
t he st ¢p03%] | oi niAmgacbheicahfMdtort egatigrtofanp oné wiclhial ¥eshanacvarized irhthacior e.

[0064] A met hod of, @ eﬁf:fslf{[llkgcgtoath§ RAGLhGRhe HGQYUSLS &}ero‘?ﬁéﬁ%%%ﬁﬁ?&?e%{o‘i“ hg to
claim 63 characterised in that It CONPriSes joining two hem spheres
t oget her around &yseieecidabr dwie.

[0037] An acoustic reflector according to any one of claims 25 to 36 characterised in
that a buoyancy aid is associated with the containment.

[0038] An acoustic reflector according to any preceding claim comprising a shell sur-
rounding a core characterised in that the shell comprises two halves joined
together.

[0039] An acoustic reflector according to claim 38 characterised in that the shell halves
have a region of reduced resistance to internal pressure at their joint.

[0040] An acoustic reflector according to claim 38 characterised in that the reflector is
spherical and the shell comprises two hemispheres.

[0041] An acoustic reflector according to claim 40 characterised in that the two

hemispheres have a weld between them.

[0042] An acoustic reflector according to claim 41 characterised in that the weld is a
spin weld.
[0043] An acoustic reflector according to any one of claims 40 to 42 characterised in

that the shell halves have a region of reduced resistance to internal pressure at
their joint.

[0044] An acoustic reflector according to any one of claims 40 to 42 characterised in
that one of said hemispheres has a tongue on its rim and the other a groove on its
rim, said tongue engaging in said groove.

[0045] An acoustic reflector according to claim 44 characterised in that the tongue is a

fraction of the width of the groove.



[ 0065] A met hod of manufacturing an acoustic reflector according to claim 64
char- acterised in that it additionally includes the step of engaging a

t ongue orwOhe1wiies76f one hem sphere with a groove on thecrignofo/ashsiot her
hem sphere. [0066] A net hod of manufacturing an acoustic reflector according
to claim64 or 65 characterised in that said nethod additionally conprise
the st gEo4d] spi n Awelcduni rbﬂ@:t@radcdoﬁm tbenia ples as chaxgettehwd in [{K¥0 @he] ingret hod
of manufacturi ng an aco(#lﬁ]gl c refl ect or ccordlﬂng g ,any one of claim64 to
66 charact eri sed '9HUE AR & &P YR MUY A SRV E&hpr i ses the step of

spi nni ngO& 1t onguerif woned refledtdreaccondingfto chemH@rvhgpherieedanttivt theaweldoove
formed on the rimg, ring
an acoustic refIectorB(IEt}f:\eCtMg]%h11 g}e?:lggl htﬁ%%&g%gﬂlﬁtsigggzllgﬁn%{w Pﬂ%&?he
step of melting @&¥tanding tabs on the tongue, groove and rins together to

formtheosgl d. [ QQ@&%I)&S%&EH&%@CC(BI@H%H@%E%'m%hﬁtﬁct%ﬁ@é&h'ﬂ@atrtl’{ﬁ ﬂlﬁ@ttQﬁgue

according to clalm 8 addi - tional |ncIu1n the
upst andi ng tabs 8R4t egr‘P‘bVﬁd@eeH@‘F%}{iy\Pé“&hHm ingal e 56 %@Qﬁﬁeﬁ%e

t ongue and the gmmmﬁmtqﬂM&Eﬂﬁkdmmmedmmébmmmuﬁaﬁguéamggmnvameustic
reflect ccordi,ng to any-one of clainms 63 to erised that it
aci 01 SRRy 7 ncr itk ErEngRg Rtopld day Bue 8 danfoRu8Rs Shhdsiidban,
size that it woullhtbe Shhlénomplpt;e@ywd hemisghere$ et tsteppedppatminn gt thhie rismitee cor e

in a place where {eBEecf X nt| A ﬁm'b% %%b@‘ﬁf&s%oﬁgid%fﬁgsal leg,tep ed

depl oyed, allow ng he core to reac ture
renovi ng WO 201PP0agf tlemth@m 3991/1185(1‘1@@5 e iptide efothe rify. @ﬁﬁi §%lf1(§ eppetce, and

plhaCI Eg it betvvﬁ antdﬁgggﬁﬂa Bhg Qa;?etah@tpéhelth% asR@éble@sMING the two haH/es of
the s oget met of manufacturi.n oustic .reflector
hecor a0 el bt eckorasrsiats AT At obHumRoRdo R HRaefrider | o
material and it nlmtrm«:lefuhaihh]wadhas atenwhdlh, a di aneter sli ghtly greater than

a sect I(J,:?ur ?f the Aln acg{t%tf%rreﬁec?(ﬁp ?(grdﬂlf b Qﬁarﬁ%l LharaLuQ;ﬁze%ﬂ in t}ql%nttt}ﬂio&:n?flolg 8o

manuf a ifng an acoustic re ccor one o
characterised i nsedhed additionally includes the step of allowng air to

vent thpegh a veachlsiRnNenQod deoldfi M8 an B bQRNRER! bRI BalatleM&tin

that the shell has a circumferential weak area.

[0053] An acoustic reflector according to claim 52 characterised in that said weak area
has a failure mode at between SOMP and 100MP.

[0054] An acoustic reflector according to claim 51 characterised in that the vent is
unsealed.

[0055] An acoustic reflector according to claim 54 characterised in that the core is
water.

[0056] An acoustic reflector according to claim 55 characterised in that the shell is

selected from brass or lead.

[0057] An acoustic reflector according to claim 50 characterised in that part the core is a
cast elastomer of slight smaller diameter in temperate environments than the
shell interior, and that on immersion water may form the remainder of the core.

[0058] An acoustic reflector according to claim 50 characterised in that part the core is
an elastomer and has a hollow centre with a passage to the surrounding en-
vironment through which water may enter and leave the hollow centre.

[0059] An acoustic reflector according to claim 50 or 51 characterised in that the core
incorporates bubbles of gas.

[0060] An acoustic reflector according to any preceding claim characterised in that a
portion of the acoustic waves incident on the shell are coupled into the shell wall

and guided therein around the circumference of the shell to said focal point and



[0073] A met hod of manufacture of an acoustic reflector according to any one
of clains 63 to 61 characterised in that the core is roughly filled
initiall yweizotwoaes7e nmaterial through a hole in the shel pCamaB2alo/dwsd t o
cure, topping up with further core nmex7erial and again allowed to cure,
renovi ng excess core material is renoved and inserting a plug. [0074] A

net hod of manuf acbmbmi conbtraaBUBdt Gaitl €6dae pbiat wah GRivel gt il ol gdhaly 7

gahally73
i ncludi ng the st of iction welding the plug.in th ol e. 7
obj ect 1o be- deprayairbe Fhisole bR e Rtk Tl Pesbibdi tefila:
has at | east onebacouditied froef thechdt inat dished oppr@ite t@thadmodeahit agpustc any one
of clainms 1 to 6Q,,L0076] A method of nonitoring scouring underwater
scouring around an obj ect conprising attaching at |east one acoustic,
refl ect[g%ldccor difngethed ghaphiaciyfe eff aai aggustictrtl@toricomprisingsj seel sursgigding
posi tioning sai d,apRuSal#ti8éd RGhAthde W) herqughirialedligiviglly RhthicBg bed of
t he water nass concerned sych thaﬁtgrsc ur#lglg y (ﬁx ose the Teflector
enabling it to b&adtd RN GIR LA i ke 4?3&5 B PRI W0 77] An
obj ect to be dephawhedrthdr doeashterinl ghdragainndiengd avade obmbamiextsedoden that it

has at | east one a ou§ti o refci ect.or ttacped thereto according to clains 1

to 60. [0078] ATREY oG 'S OuEt E¢ 1|n?‘1eg e 2('jgsu‘gpi peline characterised in that

it conPdEds t he Asnethod of nphafertge ofirre agpusiicptilecadriacyordingde olagniod refl ectors
according to cl ai . o VIR oY e gas pipeline,
addressing said ?@#é%ggl?gte%ﬁfﬁﬁg%&a\gggg iF%é ]? Pgﬁns%feshglﬁon and receiving a

r ef | ectl@@P} r ansnitss@edad Phprnearyripgap aequshe reflegoropidregesiseilectorgeiigrin

system conpri si n@gc@krddnRastithi dMImPR S hariEeAsAURtiCintiRliéeGE olep oRformhgiHRg to any
refl ection characteristics. [0080] An

one of clains 1to fo OL{ di fferent

acoustic marker SYLtioast g@B?IHitWQ lyeL QPR 6 Ceffar acteri sed in that each of

the acqO&ddlc ref lAemietod of manufastuaing haphericaplvenstvaktlandr atoldaast chia Spher e

has a different %Eé%?&e&&‘dtih ¢ r&{%‘gﬁ"sefsg8ﬁ§%t%%e%§;}%re§ Q(S%rfhee'r a{q%%? 1] An
clarm chara In at it

. t
acoustic marker system accordi ng eris
conpri ses a set opherispleedre.ef | ectors positioned cl ose by one another, and in

that tygogd] the nehleehof ﬁla(lgf%.éﬂlriﬁ%gn QUoisBerIRE®r W AHhLTo @lith §Nenhi rd
(216) is a WD 2011/012877PCT/ (B2010/051161 29 different dianeter. .
acterised in that it additionally includes the step of engaging a tongue on the rim

of one hemisphere with a groove on the rim of the other hemisphere.

[0066] A method of manufacturing an acoustic reflector according to claim 64 or 65
characterised in that said method additionally comprise the step of spin welding
the said two hemispheres together.

[0067] A method of manufacturing an acoustic reflector according to any one of claim
64 to 66 characterised in that said method additionally comprises the step of
spinning a tongue formed on the rim of one hemisphere within a groove formed
on the rim of the other hemisphere.

[0068] A method of manufacturing an acoustic reflector according to claim 67 addi-
tionally including the step of melting upstanding tabs on the tongue, groove and
rims together to form the weld.

[0069] A method of manufacturing an acoustic reflector according to claim 68 addi-
tionally including the step of melting upstanding tabs on the tongue, groove and
rims into a volume between the tongue and the groove.

[0070] A method of manufacturing an acoustic reflector according to any one of claims
63 to 69 characterised in that it additionally including the steps of preparing the
core to the shape and size that it would be when deployed in a reflector, placing
the said core in a place where the temperature is below that at which it would be

deployed, allowing substantially all the core to reach said temperature, removing



[ 0082] An acoustic marker system according to claim81 characterised in that
the reflector is nounted on a trident (210) with said other two reflectors,
two refl ewbapns1/012874) each side of the third refl ector (PCEHGRDISERer

di aneter. [0083] A set of acoustic refi8ectors each according to any one of
claims 1 to 60 char- acterised in that each nmenber (001..007) of the set

reflects at one @i 9 froshaldshe kisd placihp adisenenaso(Bhes oBh8 shadB@hd whi ch
one of nore characterlrfr@tl c free:((qS gr}gl s11 ni gluel y di stinguish that nenber of
the set from ot hé!"fe I F #'A" set of passive acoustic
refl ectfovsl]each adcmethdi ngntaoubbiarmg a8 amnammos ectording hatlaigadh chenber of

the set is spheri, gﬁse%ﬂﬂ dRAR dofe RlantellR AR Iﬂét@ﬁ‘%taﬁfi IS nﬁ?@hﬁﬁﬂg it 9)(%5] A

set of acoustic r ectors accordi ng to any one
associ at ed i nt er eslifangtersliahiy pieatst ﬂ@narsa@;tt@rqfébfdlmmwtf ﬁe@@neé@fcﬂﬁ theeshiglr

g gg% ?(?2 ngO; hey §1@fho€1 of hRahifc@tin® Bf abusAPF1ceRRAGkAR & dify Jre@AURMAL €S

he interro i o ment _transm t aCOUStIC
radi ation sel ecti 3éﬂ>y learacft?ﬂﬁeﬂéfg %&%@e@ﬂlge@f&uw SRR TALOWIRHHEBIOA et hod
of calibrating thentabﬂohglhyveﬁt 1ﬁ@naof)unsﬂ1iab/edaﬁcethbmgeaﬂ1ﬁgdatle/eht objects in
Wat er ﬁQ@’f cteri e{hod manu ast%gé anOfcog‘sﬁ%Lrlg ecC orr eI: lr?l qr SanI Sn d(l) (:tlarulrnts),Ut ed
i nc I'ng di stances Trom det EE 8PN he ¥4 F ated 2154t €] ng said
ref lectors with &B t@ébgmra@emegmathaaﬂnd cpl:baﬁtrwgwm@llctdmltraﬁy Ivatht e wiatecial

marks to maxi mimggn ﬁ&le%ih%@hél?&ﬁoﬁﬁfo%%d% 90! of ﬁfﬁrglﬂg tthQPcoré 0087] A

met hod of training sonar operators aracterlsed e step of
depl oyi ng one or Mg ped a&ayn pHoverdd stifce I iRE SRS C@af‘cwa@éléblﬁa?rﬁqudo any
one of clains 1 hﬁdﬁ@eﬂtﬂﬂ a pl@nge in which the oper at or is to be trained.

[0088] hod of rall of acoustic reflectors, characterised
PR SHRR %ﬂ@gmﬁ it ent s pnssion ety e gkt e
reflectors accordidhghmg)thars;epmﬁénafonaizadmg the plog GOtherhbte. a body of water.

0089 hod of i f.

Lo BB T A BBl el RGP AR BRI TR0l
one or nore acouéﬁtastoneeiﬁlb@ﬁéipm%ecm‘iaﬁgChed\ﬁhﬂietQ@nmrdmgO@Qﬁ»] @nm@ftq]\@dlSdftO
reduci ng the acoyptic signal of a vessel characterised in that said method

conprises the step of deploying a plurality of passive acoustic reflectors
in protftly to vnheethed gomonggdpg ?C@fm@&%#e%%@war%ﬁwe%m obigctc| aj med i n

any one of cl ai meorhptiSin®@ttaching at least one acoustic reflector according to any one of

claims 1 to 60 to the object, and positioning said acoustic reflector below the
natural level of the bed of the water mass concerned such that scouring may
expose the reflector enabling it to be detected on interrogation by an acoustic
beam.

[0077] An object to be deployed at least in part underground characterised in that it has
at least one acoustic reflector attached thereto according to claims 1 to 60.

[0078] A method of detecting a gas pipeline characterised in that it comprises the steps
of placing one or a plurality of acoustic reflectors according to claim 1 to 60 on
or in the vicinity of the gas pipeline, addressing said reflectors with an acoustic
transmission and receiving a reflected transmission form said reflectors.

[0079] An acoustic marker system comprising at least two passive acoustic reflectors
according to any one of claims 1 to 60 of different reflection characteristics.

[0080] An acoustic marker system according to claim 79 characterised in that each of
the acoustic reflectors is substantially spherical and at least one sphere has a
different cross section from at least one other sphere.

[0081] An acoustic marker system according to claim 80 characterised in that it
comprises a set of three reflectors positioned close by one another, and in that
two of the reflectors (214) are of the same diameter and the third (216) is a
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different diameter.

An acoustic marker system according to claim 81 characterised in that the
reflector is mounted on a trident (210) with said other two reflectors, two re-
flectors (214) each side of the third reflector (216) of greater diameter.

A set of acoustic reflectors each according to any one of claims 1 to 60 char-
acterised in that each member (001..007) of the set reflects at one or more char-
acteristic frequencies (316, 318, 320) which one of more characteristic fre-
quencies uniquely distinguish that member of the set from other members of the
set.

A set of passive acoustic reflectors each according to claim 83 characterised in
that each member of the set is spherical and none is of the same diameter as
another.

A set of acoustic reflectors according to any one of claims 1 to 60 and associated
interrogation equipment characterised in that each member (001..007) of the set
reflects at one or more characteristic frequencies (316, 318, 320), and the inter-
rogation equipment transmits acoustic radiation selectively at all the charac-
teristic frequencies.

A method of calibrating the ability of an acoustic detector to detect objects in
water characterised in that a series of acoustic reflectors is distributed at in-
creasing distances from the detector to be calibrated, addressing said reflectors
with an acoustic signal and identifying the reflector which marks to maximum
range at which reflected signal can be detected.

A method of training sonar operators characterised including the step of
deploying one or a plurality of acoustic reflectors each according to any one of
claims 1 to 60 in a range in which the operator is to be trained.

A method of laying a plurality of acoustic reflectors characterised in that it
includes the step of launching a plurality of acoustic reflectors according to any
one of claims 1 to 60 into a body of water.

A method of laying a plurality of acoustic reflectors according to claim 88 addi-
tionally including the step of detecting the position of the one or more acoustic
reflectors using towed sonar.

A method of reducing the acoustic signal of a vessel characterised in that said
method comprises the step of deploying a plurality of passive acoustic reflectors
in proximity to the vessel, each reflector being a reflector as claimed in any one

of claims 1 to 60.



