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HYl3ROPHONE CA~i..g, .CONSTRUCT10NI 

lMs t~ventton reh.tes to the construittim11.Df hydrophone acoosti~ 

irrays of the type which are towed ~eh~nd vessels for sefs~flc exp]orat~o~ 

~nd ship or s~bm~r1~e detect~on. 
Background of the lmentfon· 

s cooverit~ooa.~ towed aitousUt a.rra.ys hive constst~d of a. ll'Jl.lllli!8ber of 

acoustic se~sors. n~n~ed together wtt~ power ind dati cables a~d strengt~ 
ool!illben. ~rurrorJ1:u~ed by ii!. fhxU>]e einchmnn aaiicl f~ Hed w\th 1 low dens Hy 
fl111~d to acMeve neruitnl bll.!oyam:y. Illll recent years, 1JD1Uftary appHc&tfoi111s 
tspec~a~ly have provided an im~etus for a pro~ressiv~ and continual 

i@ t1JD1~rovem1nt ~~ ~erformance. together wit~ a qi.Dest fOf" a recll~ct~on '1111 irray 
«1Jh.11neter. New o~lid:er,ah. sMch a.s po]yCJJretha~e t~irlll'JOp]utks, "am!l streingth 
iltiml:.urn for•d of ara1ID11hf f\brn. Studt u tfnose sold! um:ler tlhe Reghtered 

Tradle Mark naKEVLAR111
• hi.Vt enabled ti'lle h'!phl'lll1mhtio1111 of pufor11'!11a.nu:t 

. i~rov1n~ hdm~qtDH, such cu the c~edrn.asto~ of the str1m~th 11rnelllillers 

is · w~t~~~ t~e poiy~rethane jacket for~~~g tht o~ter wall of the array. Such 
techn~ques art we1] estab]~shed a~d ir~ t~ow~. for exa~p]e. froa1t French 
f'i.hnt No. so 27511, a:wuded to R l Ga.so~ Bo~ h11 1980. furtl'l1eroon, wH:n 
@~~iatur1s~tflo~ of the sensors and their !S$OCfated electroij~Cs ~as co~e a 
nrdlu.ictfoni hi trne dh.l!!lleter o'f tile uny. 

2~ ' ~owever. a ~u~ber of 1t~itat~~ns in th~s ty~e of array st111 ex~st. 

A$ $hewn tru f1g. i, a pr1or art array 3 of tMs type bas1uHy' co1tshh of 
~ n~!Mb~r of acoust~c modM1es 2, tach corut1\.111~in~ a lilumb~r of ~coust1c 
s~.111sors 3 s;:iac~d at hthrvahs along the hin'!)Jth of tille rodi£h 2. Eic~ 

:Hlfllsor 3 <whtdTJ h rnormaHy coopr,Hd of ii1. IMRll!!ber of Hparate «ihments> ts 
25 tomuu:h(jj to d@lta-u.rrying C@lblH 4 r1.1:rmhil~ l~ong tt!e hngtt'l of the ur~y 

L· Stren~th imtr.ibers 5 an a.ho provtded a]orHJ tlrne Ttelil~th of the array to 

t~ke the towi~~ stratn when the array ~s tow~@. The strelil~th me~bers 5 ~lild 
ti11e ~ata ea~les 4 ire separatred ~Y a spacer ~ al'lld t~e w~©1~ ~s~«!mbly ts 
elilt~sed 1~ a ~oiyur~th~~e hosew~11 1. th~ inter,or s~ates S tn t~e ~rray 

JO ~~Jes are f~lled w1th a !ow d~nslty f1~1d so a§ to ~©ij~teract the w~lght 
oft~~ t©«illpo~ents a~d :nus prav~d~ an ar~iy with ~~ijtr~1 ~~oyancy ov~rall. 

The pr©b]~ms w1th these types of arr~ys 1~c]~d~ t~@ ~tqh cost of 
. . . . -~·9 

mi@.n~d@lct\lln <dull! to th~ h.boor-h1hnshfl -~rotenes h'f'llolv~d>, 11·ftn\rnittl 

rab~st~~ss C~ut~1~~ constral~ts a~ irray ~a~d1~~9 syste~s>. array 
35 §®if-noise (dij~ to wav~s tr~v~111~q !~ the ~nt~roal fJu,d-fl11>. ~nd 

l~ak~9~ of th~ flu!d fill <r~s~]tinq ln iass of·bijaya~cy ir.d hence 
d~~r~dat1on 1~ p~rformanc~>. 
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~rrays of thh ~tc~f1gcnrat1on ~m11an ly have i large m~n1ounm~(bend 

r&~t~s~ below wh1c~ buckltng of the ~sewa1n occurs. W~®n_thfs ~appens ~ll"ll 

st@ra91. for examp]e on a w~~ch dr~~. the ~at~ria] ti~ t&ke Ol'!l a perm1nent 
Ht, nsuU~ng h11. ~rncrease~ uny seif-l'llohe 01rt sulbsett\l~Umt deployO'Jlle~h. 

~ Arr~y seif-no~se is a]so d~e to waves travell~~9_~n the fl~~d fli],ng th~ 
irr~y and refiect~ng and statter~ng frcm any 1~ter~a] i!ll~sco111t1~unttes 

prov1dei!ll by ~osl!waH spacen. the acolllstk se~sors all"lld t!ue~r 

hrttrto6'11nec:t1 lf'l9 wi rf ng. Army . t ncrnui 1111 array se i f-flohe de9ruJJu tarn 

ac~~sttc perfor~ince of the array. Any leakage. whether due to 1 failed 
1~ jo~nt or a tear 1~ the array hosewaln, w~]1 re~ult ~n deflat\o~ of the 

arr@y, ·a!'fld sl!.llbsequent ~ngress of sea-water wft~ a.s.soc1ated da~a~e of the 
ehdroifttcs ~!Tl the arriy. 

Brief Summery of the Invention 

It h tlhenfore aim objett··of the ;prtsent hnvell'!tioiu to lH·ovide iJI 

ns aco~st~c array and an acousttc se~sor JmOdMle for s~ch 1~ arrly that 
~vtrt(W!lt or at !east red11J1ce the above d1sadvaimtages. 

Accordt~gly. hn o~e aspect of the µrue11t ~l'l'l~H1t,ofll then h provided 
ailt aco~stk HD'Jsor mdl!.llle for 111 acoostic a.rny of t!le ty!le sl!»Ha~h for 
t@~i!f!l'!)J ii»ehhl:dl vesshs, the mdl!R"le benn'!ll geminHy cyH«11dr1:=i!J in snap!! and 

120 «::mipr.~ st !'fl~: 
a fi~~d tight encnosure, ~rov~ded by a jacket a~d ~ssoc1ated end 

acol!.llstf ca]]y absorpt1ve spacers d~vtd~ng the IC!Od~le ,nto a 
111uiw~~r cf 01 s1aJed sub~crnc1osures'0 • 

25 a p1~r~l~ty of acoustic sensors mOIJ..!nted ~~th1111 each cf the 
s~b=~l11t]osures. ~~rdl hii1vfn9 con~ect10'U~ ]eads pass\111~ to, 

power and data cab]es Fijnn1n~ w1t~10'U the jacket, 
o~en ce11 ¥iast1c foa~ f111ing the spaces wtth~n th~ ~nclosYr~. 
a ~ow dim!ii:ty fhntrdl f~Hfog !iiUJJbstantfaHy an vo~ds wHl"lhil th!! 

ton~ltUJJdlr.al strerngth members rUJJnn~ng with~~ the jack~t. 
I~ a pref~rred embod1m~nt the fi1:1~~ prov~rdles t~e soft lllCur.tl~~ for 

35 'Ut@ HfHi©rs •. li.llM.I aho for u_soch.tedl ehctr©O'Uh:s packa'!]u. i.uds from th!! 

s1H1sors UM! ehe.troii"lk§ have a Sal!Ja]l dh.Dll~t~:--. ~md pass m.1t radlany 

thrm1<g1il tlh~ foi::DD t© the data cab h~ t ui ttl!!- jac~®t Will n. Ttl!! uni! of th~ 

~t©(!!Ji;tkiffly ®.b!>orptlve spacers h ccnsfra~~~qJJ to s1:cttolfl.s of th~ uny 

I . 
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~~@r® th~ sensors are wtdely spiced. T~e t~ter~or votds are tilne«ll w~tn a 

i@w de~stty flu~d vta a valve in the ~ntur=moduiar e~d con~ettor. Contro1 
of the density a~d vc1uMe of the fTiutd-f!lTI provfides cc~troi over tn~ 

iOOdlJl] e bl.IO,Yl!'llC:,Y • 

s 1!'1lih ieimlbodimel!lt anows tile UH of dfnain1L1fact«.1r111tg ted1irafqiues th&t de 

not i~m1t the ll!lOdule ]ength. as is the case w\th turre~t ·arr1ys. This 
~rov~du au1 arny wUh fewer co1mectors. a~c! hence gn-Hter over·an 

n1tabHity •• _ ll":te stren9then~n9 rings provt«lle tlhe nqu~red hitprovemtmt for 

h~~dut~g and winch~ng; the reB:»vat of cables, strength me~bers a~d s~~cers 
~O fro~ the ~nner void provides the required ~~p~ovement ~n acoust~c 

~@9f=~ois1 performance, and the manufacturt~q ~et~ods tnvotve~ Cre~vfin~ 
iiruth of the pre~tous Vllli.n~al cperat'o~s>. prov~de"the so~ght-after red~ctlo~ 

~~test. the sub-div~sfo~ of nong_Ol!IOd~Ves f~to sealed encuosures by the 
f~troidluct~oo of acoosticany dUIPhtg soHdl Hd1ol!lls overtmes the 

15 c~tlstroph~c faljijre lll'tOde of c~rre~t arrays when r~ptured at a s~n~le 
l:tOi~t. Hence the mnajor Hllll1_tattons of glreY1ously exhth»9' arnys are see" 

to be overcme. 
Accori:Hing to a secomJ up·ett of tfrte hmmt\oo the:re h provh!ed an 

acoustic array co~risi~g a p1~ra1~ty of ~~d~~as of the ty~e descrf~ed 
2© l~ovg, each co~tat~~ng a p~~ra1,ty of a~o~st'c S!~sors 1on~~tud,na11y 

~pited apart, supported \~ an ope~ te~i ?1ast1c foam with ~rc~ps of sensors 
$~p~r1ted by spacers of da~ptt~g 111Jatertai therebetween, the se~sor 
t~tios~res and the spacers be\~g entised '~ i f~rst. ~~ner, j&cket ~f 
vtbrat,orn d~tnq ~ateriai. w'th strength ~e~bers a~d power!data=c~rryfnq 

is t@.bles extenidhTi\t io1T19H:tJJdh~aHy waMn tne jack.et materh.t. 
Prefera·cly a second. outer, juket h 1mra1119ed 01JJ1tsh.fe the ftnt 

ji.tk.et to prov~ de a fiurth@r 'l a.yer of ~rohcthm for the a.rn.y. Th h oli.it!r . 
jai:!(et can be ct~pHed e'Uher u .if. co.=utraisto!11 simu1tameoosly wtth the 

hlln~r j;a.cket or Hpa.nh ~Y 1 n a secoridl pass through th1 extruder. 
30 ?nfera@ny. th@ ».atter mlet!iod h used to provhf@ conthluous prnhdlon ov1H· 

th!@ ,hter-irodiiu1ar co1rmectors, 1rnhill.m::ht1J \he ovenn nHabn tty of the 

irr~y. Xn add1t1on. a feed!r tube ts ~rov1de~ between t~e towing sh1p and 
th® ill.rrtly proper, itnd thrn~!'i wl'!kh lc'sJ 11hun;U:y f111Di<!ll cairn 1Je ir.trool.ltiHi 

~~to, or extra,ted fr~m. the array t~ provfd~ f@r f~ne cor.trol of the 
JS ~esired ~e~trill.I bucy~ncy. 

Brief Description of tthe !Drawings . 

O~e ~~bod,me~t of -~n ato~stic ill.rray ill.tcord~~~ to the ·t~v~~tlon wilt 

~ow be om>r@ fijliy d@scrib~d.by w~y @f.exalllple, ~1th reference to the 
drill.~f r.g~. of which; 

iliru-
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fig. i schemat1ca11y ~l]~strat~s a conve~t1onal acoust1c arrly as has 

~ten described above; 
F~g. 2 ~s a longttud~na1 cross~secttol!'I v~e~ t~rc~~h an atoijst~c 

sensor l!Odu1e. accord1ng to the preferred e~bod~~ent; 
5 ftg. 3 shows a ~onq G!!Odute with wl~eiy S?aced se~sor 9ro~ps 

~ft rt n 1 ooedl ! n t:> a m.mnber of s.H 1 ed stni:Htll'lt] osures by thie iulcH t:' o~ of 

itC(!Jlsth:aJ 1y a~sorbhllg soHd sed~oa11s ll>ittwHl'll them; . ,: -

ffg. 4 sdnemmat1ca.Hy shows a 11t1.mtb.~r of tl'le mduiu of ffg. 2 a.rr«rnged 

t@ form ~~ arriy; 
to Fflg. 5 schemat~ca1Wy shows t~e irray c~ Ffg. 4; wttl!Ti t~e owter jacket 

®xtr~~ed ov~r the connectors. and • ~~ 
fl~ .. 6 h a transverse crou=sedtoa11al vhw throll.l~llTi the array of ftq. 

5 on 11~e v~v·thereof. 

Detailed Description of One Embodiment of the ~nventioo 

lS Thus, GS show~ i~ Ftg. 2. one aspect of the ~referred ernbo~t~ent 
ill'lvolves the pr~v1s!cn of an acoustic sensor modu~e 10, ~~'ch conta!~s 
~ro1.:1ps of s~ng»e sensor e'lemHts H w1tM111 a fi11nid=ti9M: cmdosure 12. The 

enc]osure 12 's bou~ded by the re1~forced ~osewa]i 13 and t~e ~od~l~ end 
c/ilps ~ 4 @!.t @\ tirnr end of the rnoduh 10. The sensors 'JU an nIDtmted 'n the 

io ~e~tr~ of the enclosure by any Sij1ta~1e means! a preferred ~eans oe~ng to 
l\!tf!itn t\l!lb\l!l1U foam spacers 15 for tl?h· purpoH; srnaHer cyHmdr1ca1 foam 
spacers U "H the centni space betwHirn nnsors. ~acfh.1 stH'fnen h 

~rov~ded to t~e spacers ~S by th~n arnn~lar r~~~s 17. preferably made from 
f~l:ln=re~rnforu© j}h.stic materh.1, he1d ~11'1 1oc@Lthm by ft!ll~ str1rn!Jt&li cords 

25 ~a. prefer~~]y of ira~1d ftbre material sue~ as ~EVLAR. ~llll!td to e~ch 

fill"l'!ll· fl'lh f1u1b1ie wires 119 comTJect t~e sell"lsor ehmet11ts 11 of HCl'i ~ro1.1p 

to the pre=~~p1ifyjng/m~tt~~1exin~ e1eetron'c pack@ge 20. the conll"l~ct\11"1~ 

h~~s 2.] thenfrM lbe t ng l>rou;ht Olllt to tl'ie <:>lll!hr uorfau ti1)rnl.lgh e1. 

~~viston betweer. splcers 15. 
30 ~hen the c0611ponents ar~ asse~b1ed lS ab©ve, d~ta and ?OW~r c~o]es 22 

ir~ sp~rl1iy ~ripped arcu~d the o~ter d,~~eter, wf t~ ~n ovier-wra~ of fine 
fftre or ~last~~ tape 23 to lock t~em tnt© pos~tto~. The ~o~~ectill"l9 lead~ 

2.1 to time i!1~ctrn1~~c: ?.~d.ac.»H 20 ®ore ttum $pih::i!!d h11t© t~efr.ru~~cth!! 

dlti/po~~r t~bl~s 22. 

35 A~ ~n~l!r jic~et cf fU!!x!bUe, low density. ~co~$t1c~U1y da~~tng 
t~~ri;&0p1astic lll4terua! z~ is the~ extrud!!d @Yl!r th~ lSst~b1y descrlbl!d 
ib©ve, enc~psulit~ng t~e da~~/power c:~b1~$-22 in~ ans@ ~ncno~l~9 strl!ngth 
M~mbers 25, preferabUy· of ~ramftd f~bre ~it~r,~1 ~~c~ as ~EVlAR, ~rawn 



' 
t~ro~~~ \n a~ annij~ar conf1gurat1on ir~n~ the major a.sse~biy duTiimg the 
txtrusio~ process. A second. cuter jacket 26 of a toij9h, f]ex~bne 

t~ermcpiast1c 11N.ter1a1 ~s extruded over the inner jacket 24. ih\s lli'lay be 
~o~e s1®u1tanieousny with the ln~er jacket as a eo-extrusioni, or 1ater as a 

5 s@cond pass. 
To cCMplete the inteqr1ty of the sensor e~clos~re. e!ectro-mec~antcau 

«:©llllftectors n4 tfJJstcm dlu~gnied aimd cootaJirntng a. fhnhll~f~ n hn~ vatve 27. an 
htstaHed at Heh end of the mduh! ]0 il!ld ntatm~d wUJn ccm11rus~on oar.ldls 

2~. rhe iuiodu~e·10 ~s then f~]1ed v1a the va1ves 27 w~th a now dens~ty 
~~ fhJhll 29, pnfenbiy panff,i!11~bued. to Hdl!Jd_e an] ~&S frO\l!l the huterior 

§~~rce. i~d to g~ve the module a_pre~det~rmi~td ovirat] buoyi~ty. 
A second aspect of the preferred. E!lilbodh11e111t addresses the prob Vem of 

1el~19e of f]U11d frOlnl ]ong ~ules t~at ire char&ctertstit of now frequency 
irr~ys. Acccrdtng to this aspect. as s~ow~ ~~ F\;. 3. there lre prov~ded 

rn :lil!cttorrn of dii;'fll?~ li'Jg 11D1aterh.1 30 to occ'-lpy MlDd'O of the spate l)e:twtel't groups 

of uili!lsor elellii!11mts. thereby prov~dtrng a ptunHty of sepan.h e~dostllrH 
~1. fhe bTock11i11g sections 30 are fttte~ with a capflnary tube 32 to ~nable 
h11t1t1f'=connecUon arnd hence ,fH Hrn~ of the hthr~cooinettec em:iosures. Oil'! 

ocrcutout of tht ruptmre of i!lny one e~c]~stmt :n. the ca.)llil h1rhs 32 ~nvent 

l@ t~~ w.a11>i~ fuo~=thro~gh of f,1~1d frc~ ~~jacent encuos~res, a~d ~ence ~revent 
~ smlldtm all'Jd iclti.stropM c faJ hire cf the· totlliphh arny. It w1 n a ho be 

ill!J)panr,t that ti'lre criHUon of ,ndhid\lla.l ~mitfosmns. ~ol!lr;ded by v1bntioO'b 

ilb!iiorb1~1J 00 soHd sect~ons" wHi preveint the :progrus1on of ~l'ltiflf!J&.1 '0 ~~~ge" 

Wiv~s auon~ the array. thereby contr1b~t1~q to a f~rther red~ctto~ ~r. arr~y 

25 ~@~f-nohe. 

A th,rd ·~spett of the preferred e~bod\tr.ent iddresses the problem of 
ma~nta1~in~ ~e~tra~ b~oya~cy ~~ the ever-cha~g~ng ocea~ con@ttlo~s. In . 
order to form an ~coust1c array uti]~ztng t~,s th~r~ iS~ect, a ~umber of 
aco~st~c mod~]es nc. of the type destrtbed ~~ove, are con~@tt~d l~-ltn~. ms 

30 ~h©..Wl'i 1n F,91. ~. The ent\re ar.rnu19e100nt till.ls tOi.'!lprhes thl! to'!i' tiibh 40. a 

hi!.~ht~ v1brat1on hotat1olf'I !!!Od!Jne 4]. the un.y ooda:l~s 10, aftd ii ta! 1 
vibrati~~ i§o1at~on w.oduDe 43. lhe fl~~d f~1~1~9 va]v@~ 21 of adjac~nt 

m©~~h~ iU"e aho mated drurhlCJ t~h h~ter-tcniutttUon pr~v!dli'lf ~ i>ath for 

thf:l t~j~cth>~lutnttton cf f' l l fluih! 2.9. f.. f!!ed~r t~bt'l <net t l hustuhd) 

JS ~rovt~~~ f,]1 fl~id, v~i th~ tow tab]e 40 and vibr~tlo~ isclat!o~ mod~l~ 

<VHO 41, frnliii! tit~ towtr119 si'lip 42 to ti!@ iu·ny. iilhen req1.:lr~1 to inr.r~iue 

b~oya~~y. additlo~al fD~ld 1% p~~ped !~to th@ array; to r~dyc~ It, f~uid l> 

dni.wli1l off. Thm; cc«ltimJ~i c.o«l.trcl h l!ff~dt\1~ to ~~h1h~l'I t:•J·: .• ~«"icy ~t t!'le 

cr~t~c~t ~~ijtr~l va]~~. 
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A fo1J!rth upect of the prefened emilcdf1111ernt h U !ustrdedl h1 

f~~. 5. i~e 111Cdu1es ]0 can be connected totether it the e~d co~neetors· 14 
to cosnopr~ se ari array. and the comp] ete arny thein ellltiued 11t the 

@ijter-jacket 26 of a to~g~ thermop]astflc. ~referabty po]y~rtt~ane. Th's 
s iiIDHSun prov~du jacket col'ltiinuity over the to1nmec:ton. -tlier®by mtO'!JflJ'Jlhtn~ 

t~e poss1b1]~ty of sea-water ~n~ress at these po,~ts. a~~ roeO'!Jte l~provt~g 

~veri]l re]iib~i,ty. Sy ~ak1ng t~~s jacket 26 of a materia] havin~ a 
~~nsflty d~fferent frODll that of the i~ner jacket 24. the we~~ht a~d dens1ty 
of the f,O'!Jai array caO'!J be col'!trot]ed by vary,ng t~e t~ick~ess of t~t o~t~r 

l@ jiileket 26. Furt~er controi is then exercf se~ by varyi~g t~e de~stty a~d/or 
rq~allltay of the fhihJl f~ H 29. .. ·.-:. 

The cross--sect1ona] v~ew of F19. 6, taken throu~h o~e of the acoustic 
Hll'lsor e hmnh n • shews the e hment H • :siispended h1 t!l!e foalfl! spacers 15, 
~~d connected ~y ~~terco~~ect~n9 w1res ~9 to t~e 1~p]~f1er l!IOd~Te 20. 

aS eo~~ectf~~ Tead~ 2u from tne ~1~ffer !l»Dd~]e ar.e sp11ced t~tc the data 
cibl@s 22, wh~ch are encased in-the 1~ner jacket 24, whtch a1so encloses 
the stre~gt~ meMbers.25. A~ o~ter jacket 26 e~t~ses the who~e. 

lhe forego~~g descr~bes only s~e lS?ects of an embcd1Ment of the 
~r®se~t '~ventto~ and modif,cat~ons. ob~fo~s to those s~~iled in t~~ art, 

W i:::1n ~ ima.de t~ento 'lllfHho~t departfl'l~ frnlml the scope of th~ pres1mt 

-~:ii:· . 



1 

Ch.has 
i. An acousttc sensor IU!Odu1e for~~ acoust1c array of the ty~e . 

sto1t:a,ble for towt:ng beMnd vesshs. thie mmc«ll~h beh1~ ~tl!!JtrilHy cyH1T1dr,can 

!~ shlpe and compr~s$ng: 

!!l1 a f1uh.I t1ght eirnclosmre. ~ro11~d1d by i jacke~ Hd usoth,ted eD'fld 

Cill))S, 

. acoust1ca1]y ibsorpt~ve spacers div1d1ng the 11110d~le ~nto il 

!Ftll!llllber of 0'sH]ed sulb~enc:losures 00 , 

i piiJiralH:y of ac:oust~c: sensors mo1mted wUM.n Hen of the 

rn ~t.nllH!l'!ldos~res, aind ha.vfi.119 c:oinroecUl'llg hidls ~ass hi~ ·t~ro~gh, 

power and data cabnes runn1n~ w~t~1D'fl t~t jacket. 
= . open ce11 plasttc foaM f~i]~l'!lg t~e spaces w1th~l'll the encnosure. 

a 1o~ density f1uid fi~11n~ substintialty in1 vot~s w~th~irn the 

longttudtna] ~trength rne~bers r~DTi~~ng w1th~n t~e jacket. 
2. ·A~ mtoYst1c. sensor mod~]e accordfng to c1a1M 1, f~r~htr 

.cOOll!~r~sjn~ a~ electronics packa~e assoc,~te~ w1th the ·sensor !DYO~~ted ~~th'n 
I 

2@ eac~~sijb-eOTic]os~re and hav1n~ ]eads passi~~ therethrou~h. 

3. A~ !Co~st1c: sensor tll!Od~te acccrd1gj]~ to e~t~er cla~m 1 or c!af~ 
2. w~ere1~ the ]eads from the sensors aDTid electro~~cs ~~ckage have a s~a11 
~ia~eter, an~ pass Oijt radtan1y through t~e foam to the dat~ cables 1~ the 
jl'Ac~et wa i L 

l!li ~. An acoi.lst,c segiisor ooidule accor:1Hn9 to aOTiy precedil'llg ch.ht, 

111'6iienhi t.!u@ fOi.lllll ff H hg prov~dH a soft OOl.lmtho~ for t~e HfilSOrS il!lld for 
t~e assoc~at~~ e]ectrontcs pac~a~es. 

5. An a.coo:rt1c: Hnsor nrodqJh i!.:t:cordi~~~to any ;;nce1Hr.g ciihn, 
~h~re'n the ~s~ of the ac:o~stica]ly absorpt1ve spiic:ers ~s cor.str~1n@d t© 

30 sections of the mod~le where the se~sors ~re widely s~a.ced. 

6, An .aco«.rntlc s~1H;or oodu1e accbrdi~~ to any prececHDD9' chJm, 

~~ere!~ t~e ~~ter~or voids are f~11ed wt th the 1©~ dens\ty flij\d v1l a 
vi he in. om~ ©f t~11 lDIOduh em! caps. · .. -

1, Ar. ~c:oustic: array comprls~~~ a ~1~ra1tty of miJ~~1es acc©rdl~g to 
35 i~Y ~rece~~ng claim, each c:onta~~~~~ i.?1ijriuity of itOijStic se~sors 

~ongttud~~il]y spaced apart, Sijpport~d ~nan o~en eel] plast~c foa~ ~~th 
groups of sti:!im:lfs Sl!pan hd by s~aca'ffs ©f dimp' ~91 :!!iahrh 1 tll~r~i>et'lldee~, 

the se~s©r Sijb=~~closijre~ a~d th~ sp~~~rs b~ing enc~s~d 1~ ~ ffrst, t~n@r, 

1Hiifiif 
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jicket.of vibration da111P!ng material. w~th streftgth ~embers a~d 

~wer/dlata.~carry~l'l'!P cab]es extem'Ul!'lg longftucUnaHy liiftMn tile jacket 

~a.tier1a'I. 

a. All'! acoa.ast1c a.rrny accordh1g to c~&fiiill 7. further cooprhigug 1 · 

~ s1cond. oll!ter. jacket arranged outs~de the f~rst jacke~ to prov~de a 

fijrth1r layer of protect1o~ for the array. 

9. An acoustic array a.ccord~rnv to clai~ 8, where~n the second outer 

jtc~et ~s.Appiied either as a cg...1xtr~s1on s1m11.1ita~eously wflth the ~nner 

jau:ket or Hpinte]y h1 a seco111d pus tiu·oug~ au1 extnder. 

n~ to. An aco~st~c array accordfi~g. to a~~~cne of-c]a1~ 7, e ors. 

fllOrthier cmJpr~ ~-~rJg a feed!&~ t11.1be provfii!!lecll be!w11Ji-:.a towing sM!l' &!Flit! the 

array. a~d through wh,ch lo~ dens~ty f]~id can be i~trodijced ~~to. or 

Htnch.d frmw. the array to prov~~e for f,!1le ieof!ltron of the des~red 

~eutr~l buoy~ncy. 

·. 


