Sonar array system CROSS REFERENCE TO RELATED

APPLI CATI ONS Not Applicable. STATEMENT REGARDI NG -
FEDERALLY SPONSORED RESEARCH Not Applicable. 1. FIELD
OF THE I NVENTION This invention relates generally to
sonar apparatus and in particular to sonar arrays

used underwater. 2. BACKGROUND OF THE | NVENTI ON A
ship, for exanple a mlitary ship, can tow an array of
sound receiving hydrophones arranged as a passive
towed array. The passive towed array, in conjunction
Wi th sound receiving and signal processing

el ectronics, can det ex@nargyrANSystemt he wat er that nay
i ndi cat e, for exanpl e, the presence of an eneny
submarine. In other arrangenents, the ship can tow
ARO$S REEEREAINCT K €Ot RREATED APPDICADTIONS recei vi ng

hydr ophones and al so a towed acoustic projector, which
}kﬁg@bheﬂﬂéorn1a bi static active sonar system Wth
this arrangenent, the towed acoustic projector emts
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l\{Nhlchlg duce echoes The echoes are received by the
6 %? Yay of receiving hydrophones. Therefore, an
echo i ndicates_ the E{esence of an underwater object,

1aﬁ@l@hQFdﬂﬂ%émw%%y$:8%1mh|ch t he echo came indicates

the direction of the underwater object. In

Tosnvemtion melhtep gertenall yctomonanappaaharand yis patisylat toesohaveethys
uscclowgeiveatgr oj ector is often depl oyed and towed
separately fromthe towed array of sound receiving

23 4 CRTROESID OFCIHN ENVENTEON owed acoustic proj ector
typically includes a sound source mounted within a
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of 4000 pounds. The towed acoustic projector of

thls type is typically used to detect objects in deep
Inptherrargngeragnts. 0hd s camtogelsoth Theepassive eywedrparay efedund
reaeivingthydrqphopescindralsos: toapdlateustt pggesomwihid egethel form a
bik@atic agive sbhgisysemn Wi tésarragbevel, theftowe®s@mplieprdRlor
erfliecidaati pulsed. Hatly Soudnd (R traveBtRISASE &le vite) BRIKIRL &jects or
tafg@etsSia tNY ke RVINEH BloduéSediBed. Tht e@%e@%réreealvé@b}pfh@QBWE@
array of receiving hydrophones. Therefore, an echo indicates the presence of an
underwater object, and the direction from which the echo came indicates the
direction of the underwater object.

In conventional bistatic active sonar systems, the towed acoustic projector is often
deployed and towed separately from the towed array of sound receiving
hydrophones. A conventional towed acoustic projector typically includes a sound
source mounted within a large rigid tow body, for example in a conventional
AN/SQS-35 tow body used by the United States Navy. The conventional towed
acoustic projector is large and heavy. For example, the size can be on the order of
forty-eight cubic feet and the weight can be on the order of 4000 pounds. The towed
acoustic projector of this type is typically used to detect objects in deep water and at
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enabl e the systemto receive echoes fromand therefore
to detect objects in the deep water at |ong ranges.
This type of bistatic active sonar systemis not well
suited to Ilittoral waters having a shall ower depth.
The towed array of receiving hydrophones are often
depl oyed and recovered through a hull penetrator
bel ow the ship water line. In contrast, in part due to
its size and weight, the towed acoustic projector is
depl oyed and recovered over the gunwale of the ship
W th winch and boom equi pnment. The Iarge t owed
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wates at Joag winges | Thys §pel oflBRGEE atisyeiohhing seaPis QW IRell saind to
litteaDWeleYs havidd Déhali6As: ddppivent i onal bistatic active
tovved array systems are configured such that the
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repoesent kigh seaadar target having a | arge radar cross
section to eneny radar systens. It would, therefore,
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The present invention provides a sonar array having both a receive array and a
transmit array coupled to a single tow cable. The acoustic projectors used in the
transmit array are capable of producing a high sound pressure level (SPL) while
having a small size.

In accordance with the present invention, a sonar, array has a transmit array and a



nore acoustic projectors capable of generating sound
and the receive array has one or nore hydrophones
capabl e of receiving sound. The one or nore acoustic
projectors are disposed on a transmt array axis, and
the one or nore hydrophones are disposed on a receive
array axis. The receive array axis and the transmt
array axis have a common axis, therefore formng
contiguous line arrays, one for transmtting and for
receiving. In one particular enbodi nent, at |east one
of the acaqustic prOfectors can include a slotted
respiverrEy te ferrsal Uiseleblel pingledinsaway gliatrarsmit artdyehas onapr
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hydrophones capabl e of receiving sound, all arranged
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ﬁKEﬁmhe foregoi ng features of the invention, as
mell as the invention itself may be nore fully
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sonBesydteaMro@Sa sihgle WihdH) The BéfoyrhentSnd rfdowtBY dadlbe @bn@
coVeRB! willh aaméﬁzyﬁ,@mu PerRg@rdance with the present
I nvention is a pictorial of the sonar array

B,g{%ﬁgswwm@%ﬁmg}aw 9 g ecovery equi prent ; and

I'S a pictoria portion of the sonar

f El 1. 2. DETAI LED
TH: E%P}:?Yﬁ fbﬂm S %E$W%§$n%QN€H as thg invention Eself may be more
ollowing deta

nderstoo from the d description of the drawings, in which:

FIG. 1 is a pictorial of a sonar array system in accordance with the present
invention;

FIG. 2 is a pictorial of the sonar array system showing deployment and recovery
equipment; and

FIG. 3 is a pictorial showing a portion of the sonar array system of FIGS. 1 and 2.



Referring nowto FIG 1, a sonar array system 10 in
accordance with the present invention includes a
receive array 14 having one or nore hydrophones

l4a- 14X. The one or nore hydrophones 14a-14X are

di sposed along on a receive array axis to forma
linear receive array. The sonar array system 10 al so
includes a transmt array 12 coupled to the receive
array 14 with a separator cable 13. The transmt array
12 includes one or nore acoustic projectors 12a-12N.
The one or nore acoustic projectors |2a-12N are

Ri 5B ddy DESERGP Al QN ANS HHE IM\h%NTEQNS to forma |inear
transmt array. The receive array axis and the
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f6iea e oRRARE rad4a- 14X . A tow cable 16 coupl es t he
transmt/receive array 15 to the shi p 18. The tow
i.cal coupl i twee
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12ph2M ehd treshyalnephonteir4aept{ ¢ connections. In
operati on, when towed through the water by the ship 18
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transmt array 12 andthe recei ve array I n order
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tresbi/reativo arral 13 heintging agenaralhelwizpstabpriantati® drsrte
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rebbgnizedahsimisttheshipy 8 hizns, Thetratsaguecdivagry 15 pirostirees a
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fob Yhel thhs@it aPrad8 2 dEaehe REeilO8rAFPMSti C projectors
12a- 12N gener ates an acoustic projector beanpattem
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can pr oj ect sound haV| ng the same frequency and the

fe thyeasepstic pisctorbldav BN géneraehar aconsiorimisatos,

begmpetttredEmhe?sownctmej ectop et @tteraap de tsobstarit2iy 12N
orpuidjrectionslo aimdledvh\aicogstia pidjeciuetityzeheas souhd bt BPtikdaor
frdtjugh@y, for example a frequency in the range of 300 Hz to 4 kHz. All of the
acoustic projectors 12a-12N can project sound having the same frequency and the
same beampattern. However, in other embodiments, selected ones of the acoustic
projectors 12a-12N project sound having a frequency lower than 300 Hz or higher




4 0 than 4 kHz. Al so, selected ones of the acoustic
projectors 12a-12N can have a different beanpattern
In still other enbodi nents, selected ones of the
acoustic projectors 12a-12N project sound at nore

t han one frequency, for exanple, in a band of
frequencies. Simlarly, each of the hydrophones

1l4a- 14X recei ves sound with a hydrophone beanpattern.
Each hydrophone beanpattern can be substantially

omi directional, and each hydrophone 14a-14X can
recei ve sound throughout a particular band of
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diféerent lbezmpatein. dh stihhethehyabodinentssselettedienks obitheraeoestice
psgedters\MR4-NPN prbiectsaned btrreoreehayorzafieluanc, Carexatmplee it he
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l4a- 14X are exanpl es, each spaced by thirty
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legy thpue 60.06 Serftinctd8. adtidiththe edibot Bnats thd fraishiiteray 12 is
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U&ggn@&%mvgg&m@ppre0|ate that an array of acoustic
projectors, ‘for exanple the acoustic prOJectors
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%@?{ &Y HrpSIE BERmPalterndRe %’Qﬁ‘mﬂré‘@h @&eé@p@taﬂra issgangtafly gonical
be a@gmi t9 B éela&tr«@ apgle pheutthamanpf tha treagmi array 12.
Sl@lmlb/ant blyould be spmwediated ehaappreey af rdeivingthydrophonesy foof
exaepé the ngehydrydpipboess, 14keld X within the receiving array 14, can be
used in combination with receive beamforming electronics (not shown) to generate a
steerable receive beampattern (not shown). Like the transmit beampattern, the
receive beampattern is also generally conical and can be steered to a selected angle
about the axis of the receive array 12. Therefore, the beampattern of the transmit
array 12 can be pointed to the same direction as the beampattern of the receive array



exanpl e the receive hydrophones 14a-14X within the
receiving array 14, can be wused in conbination with
recei ve beanform ng el ectronics (not shown) to
generate a steerable receive beanpattern (not shown).
Li ke the transmt beanpattern, the receive
beanpattern is al so generally conical and can be
steered to a selected angle about the axis of the
receive array 12. Therefore, the beanpattern of the
transmt array 12 can be pointed to the sanme
direction as the beanpattem of the receive array
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transmt/receive array 15 can assunme an orientation
Refehang ndvato RgT. i2z omwhich lika elendinmgp ARG | @sd sholvn hatinerlike
referboati desighstjornis hihe somp anfay SyearilVean 8e daylotdl arkl ro@vered by
the abipl 1681 It particii, B sifply wEXBMPD @an HEp16Y ART reefRQ e RALSarray
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Referring nowto FIG 2, in"which like el enents of
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less than or equal to fifty centimeters. In another embodiment, the drum hub 102a
can have a diameter of less than or equal to thirty-eight centimeters. Those of
ordinary skill in the art will recognize these to be a relatively small winches.
However, in other embodiments, winches with larger drum hub diameters can be
used. A minimum drum hub diameter is selected based upon a number of factors,



covertly such that those not aboard the ship 18 cannot
see the deploynent and recovery of the sonar array
system 10. A variety of sizes of w nches 102 can be
used with this invention. In one particul ar

enbodi nent, the winch 102 can include a drum hub 102a
having a dianeter, D, of Iless than or equal to fifty
centimeters. In another enbodi nent, the drum hub 102a
can have a dianeter of |ess than or equal to
thirty-eight centinmeters. Those of ordinary skill in
the art will recognize these to be a relatively snal
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RegstienBow epFIy.sd if vaithaikeWidna®s SHFIS. 1R AeE showh having
1iR¢ Regtre fEHRRAI BN, a PottionA8DSF ﬂﬁﬁ%n%m‘f’t"/r%&rlf@a{ lSo(F IG. 1)
iR Rdeb Qrtra%n‘i’i% aray ¢ hé@ﬁ?bﬁgb%feeefcﬁu&%% e{)}%ctlé AN L(FIG.

1{NiAHH ! acmﬁ)s? 5i8BF 1 aﬂ%{aﬁg t Arr G& ?ec 10n? F C?ouples
tl}%%%gus?ﬂ%}fl %%or Eo gﬁc%?stlctpﬁ cin T8 % }ge
a%&lgﬂa%'ﬂly éflg? %Sr’f et oy B

Cio0k% the acoustic
PRI S gl al corgeior glug 1§ﬁ<§9ﬁchﬁlaw&g> the jie@smit array
7hdt eckipr &5 biddegratstismsoieaiop bia inekydasm aft endweap 156, which is
sqa}ealrrslﬁh Priingseir Ve ldrertaya prgjecer tpusing 134 dhagegedor housing 158
canr ks micy lindricay shiape haforegndrep 62 iscl sagled sd the projector
hqrsojgelttlonish O2angkaM tifeHika andly ford einectonplup 166 a6epled the
adousfierofctol 2B th atseparaidt tata 1 RYTHeabestzgebjedr LA is
theRufgre 88aled 10EpraGial S ivifeBER @fiRktmbaN 60 ThRSyAGAMS! | C

ccﬁ’ﬁ r@sd 60 &k KediGer ﬁ)led ;Kf?tlfll a%s‘i %m@&ﬁb‘&&ﬂn%nﬁr & &hHar

AR abSRfi&A ﬂﬁh&ﬁm (% z%Hﬁtﬁ rﬂﬁﬂ ectors
CI}l C?dll% S Isguncp £Pltl I'al'% Hcel{i% lmé) y Ig erre grem as a
trdn e hbé mt fc L t @8{"
%é %5 5°i‘ "r ’t”?& B i g Ggarimcnt
r%s UGEh d 6% SFors ecsﬁp"ilrétor Sehlf ‘Wht‘ﬁlr@ 148n g aichpagh e
tfm%%t?%ﬁﬁa%ﬁﬁfébde housi ng 158. The projector housing
158 can have a cylindrical shape. A fore end cap 162
Thesacabgis sejgtiod 121 it heiprdofogbt saparatmusbled 31 6Richicbhples the
tradsmiitregsaydi2 tb iee debdiee amay d4.floreacpamoecibde 1 Pisu@upRs to the
reCUPhesy 1heith a waterproof connector 170.

The receive array 14 (FIG. 1) has the one or more hydrophones 14a-14X (FIG. 1),
including the hydrophone 14a. In one particular embodiment, the receive array can
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acoustic projector 12N to a separator cable 13. The
acoustic projector 12N is therefore sealed to provide

a watertight conmpartnment 160. The waterti ght

conpartment 160 can be either filled with a gas in

sonme enbodi ments, or can be filled with acoustically
conductive fluid, for exanple castor oil, in other

enbodi ments. A sound projecting transducer 164, also
simply referred to herein as a transducer 164, can be

di sposed within the watertight conpartnent 160. The
transducer 164 is gouEIed to the separator cable 13
bgicomprisedef agle 1 fhithishdke onagranerh hydwpbeparidaddX (FIG. 1)
arcadbisposed. ThErebat Glisani e ffdﬂ@ﬁ with @ fluikR fori examplepdasidr bd. t he
separator cable 13, which couples the transmt array
Th tiasiherragcsily @ 5 Brthé@yephfatorldasleSiBp andihe reddld fral3 41 in
iGR BBkrloptit Bouplings Bia¥ Bardy frasmitsi¥hdlNoRhMal RERE R ectors
1981 @@c@% B7%0d rér&evers@g&ﬂyﬁoﬂrtﬁéuy 6 Hdrk 4a124 f(lﬁ

ﬁg{b e‘%‘[g1 (e gTelalels] ea‘?ra%%%l 1 tﬁ rpalr n%r cc?_'bféc M
ré R/e ﬁag/ci 51 d ?re? N fts R o‘iheé gm ]Odl S]inH array
(gl drlrihe Eﬂ 105, Cahls 13- RO G R £t %P@; Vyife

CQRICHRTE r opHE CPUNISE72 can be filled with a fiuid,
for exanple castor oil. The transmt array cable 151,
Tihp &ragsdyaerakdrean R lacslotd cahindartmnsdvser L, ahichyis adantechto
gemeritg geurfd fvem tiopadoustooprofdcy s 2Nhetvingee sopnt peassure fevel of at
lesstE dectbelstrhlatiae tuste micpspas@d hod sne h2@r (298 Wit€a hépin as
dBnd 1reeeit v en)s Hywadver, itrshouldhe dppekpplichestidayddf( Fl G
trihsdutéls 164 RESwE DOk sRRlimaryt k@ tf @B 8Fchn alsh BY uSAD LA the
inkehtioh R&10f ﬁﬁ%@?&Bnlﬁ%Mﬂ%d L 1ncﬁ:’9 ahficers qﬁtﬁ{h\éﬁn&rer ay 14

abdifsti ﬁ)ﬂé@t&elﬁxp L% Ofafe sohulld F]ﬁv ﬁé ggﬁgﬁ Eﬁslev%%? greater

l{aﬁ%‘ﬁ ha%rfO@ﬁB &4 1'2ll a jtei . n ne a 1cu"f1ar emboa d% fﬁ a%mlatlc

P%Op% ?f %%rlea% ustihe g&a@ag n g55eatal o, o
'feéa O‘fVF s‘&‘LPé}é"rr i IMFtS kD acoyRfeRTaigeiop 12N
Yehrveat “@B FFBRATERR acoust i c projector 12N havi ng

a sound pressure level of at |east 205 decibels
Beeduae p{etdgsitate beiabldpalsply aad decomer thetrensniigheeive array 10
ofriQG. 2efnorth erseighe wenchdBO2,&°1G. Pphavingla shall howaiuseter (D, FIG. 2)
astsutibeduboag it Bdesitabie thaatheatbBtic bypesos] .k raoachicas s

profebtdeNON) bt emeNebddlh irPdigine e ¥nd i lehgthn the art can al so
be used, and the invention is not [imted to only

ISR G%a?@ct@éf'ehﬁ%@fmérft%§ dusREs ro;étft&f}%% g%aan NG 15. 24

cé'?)% LG lgﬁ%%i of }ﬁft ggl’ﬂl td%hg Q4 E earvl 62 9s & a slg{B%d
er tr ¢er havin d1 et t1 t a

ccéléx cErP e % éra \i@%@}ﬂﬁnﬁ Sn H'g%lgtq g@gﬁftg%gg}gﬁo& %ﬁ\} generates

SQyE ‘éﬂtngérﬂ) PRGN e(¥ 1261305 dBhisi lonPaetl mrwhile

maigping AswmRllacoustis nseikeler eirpdul svhesdepidyed aadirsphered from
themapelctlor, HIgN 2) bavinpavelaévaly smell hob éianbew@é"tlﬁe 2) as
described above. However, in other embodiments, the acoustic projector can have a
diameter greater than or less than 15.24 centimeters and a length greater than or less
than thirty-eight centimeters. Also, the transducer can have a diameter greater than
or less than ten centimeters and a length greater than or less than twenty centimeters.

In one particular embodiment, the transducer 164 generates sound having a
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Because of the desire to be able to deploy and recover
the transmt/receive array 10 of FIG 2 froma single
wi nch (102, FIG 2) having a snmall hub dianmeter (D

FIG 2) as described above, it is desirable that the
acoustic projectors, e.g. the acoustic projector 12N,
be small, both in dianeter and in length. In one
particul ar enbodi ment, the acoustic projector has a

di anmeter of 15.24 centineters, a |ength of

thirty-eight centineters, and the transducer 164 is a
slotted cylinder transducer havi ng a di aneter of ten
fre@ienryef @Zaﬁ@“@vrre Hyethenembedmeyts, the frensdwearid4 o bh
adapiesl tp gendratgisannchhavargye frequency geeatee thestdr desp tioineckIde.

12N generates sound having a sound pressure | evel of
Itatilllbeappre2iateddintrtee hydrapiaine$, fonexsiipl€theydfdphbid Mk, a
inshEbd 0o wedeive a@ragr 16QFIG. Bicaf bt Bakl16aRabRc A8k §eh;afsks,
for egampIeet {doaic froRcWr NON, (hhPze &dr&éwa%h thA¥ddghifarray 12
(F16! Bf TYEleYors ML LecBivR aﬁ‘a%rfﬁtcgﬁ hRd S et 1an§§er tha tril
4

ac%ﬁ?t??x%@gto?kf% n &‘%ﬁ\‘& ular erﬁqb%%ﬁént t?rjg 08’ a}l 1 Higs 2
Gl i o e Free %jggiarseﬁ 8raﬁn o
aﬁOHSaIH: 1PIeeos 4 2N fghofhsr paipiculay pbedipeninlicieccivapagy 14 hes a
laggesiigmeter thebis aﬁavélraatsryaw@tfer of ihealgegest; digmetenef the geoustic
projestor N Bevitl etbereamebogiaenys.| thatpepivg paay éf hahalargast diemster
thetna anetherprgpetine smeklertban off the dangespdiatrietarlofithe acoustic
prejebpdil@lnt, the transducer 164 generates sound having
a8o frequency of 3 KHz. However, in other
Waitb el 4B 04tk projeetol 1 2N SSskeRIn AR S@HbAGs hadiaphefnt@ucer 164
wiIBR I s8hled ST JDaNE IS @pidi RUHE AEYinY bBRE SfrarlddARnRlard €SS
pdsiBIE vtk s m%nti’é’nl Forb&a £ & bkt &ﬂﬁle& Ethe acoustic
pr jbég{of‘@ Q:Sﬁ”fprl &a @213% H@Q e ro§ bodcg/d
A sﬁ &7 % ﬁqg eecle}/v% a%ra éf}; dN\? '& to aotbx £i
; ) @NO Jo% C L
othgh é)BPHiSz PFa 1 981ry a%f‘cr? GRbonS 12
ong gXamplecare FFPArgiRY ROt or ny drS@@értQ/Ee 3’@%@109 andzgge ﬁ‘a
togethsrayithaut Hiedns Bf2-t han the acoustic projector 12N
In one particul ar enbodi nent, the receive array 14 has
Alhrefergnepssited henaet are hetghy iricwrramtmbhémat eyt sefdrbecesatheins
entiteey.| ar gest di anmeter of the acoustic projector 12N.
In anot her particul ar enbodi nent, the receive array 14
th@x‘ﬁg @escliBddyter@l RBHLAIMNIALS ths na/raﬂtﬁ&wlmineﬂo»w paenhal f
pPrehits olné%g@l%tlnaq Qﬁﬁtlﬁ kheOdrt {}B?otﬂ&oéfﬁlgdcﬁmeﬁ’& UG Rhtin
%rmcr g N e 90 SR 5 o 1 R N A
$ l&?ﬁﬁ f?arutef%:? P HRE e R0 B gt end
“?ﬁ%ﬁ ?%R T AT e the acoustic projector 12N is
shown and descrlbed as having a transducer 164 wthin
a sealed cavity 160, acoustic projectors having other
arrangenents are possible with this invention. For
exanpl e, in other enbodi nents, the acoustic projector
12N conprises a transducer 164 in a potted or nol ded
wat er pr oof body.



Al so, while the receive array 14 is shown and
described to include a tube 172, in other
enbodi ments, the one or nore hydrophones, or which the
hydrophone Na is one exanple, are separately potted
or nolded so as to be waterproof and are coupl ed
together without the tube 172. Al references cited
herein are hereby incorporated herein by reference in
their entirety. Having described preferred
enbodi nents of the invention, it will now becone
apparent to one of ordinakﬁ skill in the art that
ot her enbodi nents i ncorpoftafimy their concepts may be
used. It is felt therefore that these enbodi nents
should not be limted to disclosed enbodi nents, but
Wit reelamtedib:d be linmted only by the spirit and scope
of the appended clains. 9 0 Clainmns Wat is clained
11 Alsodar ara§ OMiprdiHAY tra@ MR akral REvind ohé 8RR aBLEHRY
pRAMHAS, WAGAthIBAEARMHcb EsticHr Ge86Es r§ dlS ea:kﬂl N ansmit
Waﬁg e{m ere@e‘f@éja?ﬁdfco% %8 tséﬁ %raﬁgnqlt reg 1ve grtr%}/
hg%x‘?‘%g{@ r mte’ h%rop)flones 1sp SF%% QP% 8 r%crerlv e‘;{ £ IRV
g & g%f? ggﬁrgggg“a?@ga%lé Y AGODT ULy o Mgind
fetcﬁ’é(ena ey pRgsaid prangmih array angqdapied {9 bidspl deérﬂoa@/a%&re@overed
bhavingly WinehingsAURIRd 0 2 gHB- wherein said receive array
and said transnit array are adapted to be depl oyed
2 f Flersoaatkrrayon ehaimdl , Wiyrean giertgnemivi anglyiang anduld edeive amay
asbap.suBstarfdlydonaontal ray of claim 1, wherein the
transmt array axis and the receive array axis are
3 SEHessonat dradyl of chil 1Z WHeddin the: single whRRRg HphAYusHas &lddihub
dlamevw%s@mantob% $1119k Ry WeRGALAE, appar atus has a drum
hub di aneter Iess than or equal to fifty centineters.

4 4Th sﬁﬁaxsa%g of %[ rr%yl gjhe?elﬁa Iﬂgsmgjj]\’\'hEenrc lr%n%)gag sglgg atdﬁlgﬂ hub
d%?w&ﬁ g?ﬂP‘(¥ﬁﬂ?# Eﬁ%%?‘ éﬂ?ﬁﬁ%géfs 5. The sonar

array of cIa|n11 mhereln sald receive array and said

5-(ibgrsenitarsy of ylaipd . Wharein ead resee aap ey sxid Appsmit array are
adapted\fe Pe derlnysiai racayierryl thrasigh g singll¢ shie hell penatrator6 .

The nmethod of claim5, wherein the single ship hul
6.pdwanethodof daim & velneméinaise singlieahipteill peassatbhieds aosmAigsal
ditimmetenizn$ than entdquabtetveenty cenlibeetéret hod of claim 5,

wherein the single ship hull penetrator has a snall est
7.diRRUBEd bRdSint 5‘%&5ln%ﬁhgk th%ﬁruadpeﬁgﬁatb%s%rs?nall%st
deﬂ@teFR:@@{haf%F haPlo £3.84 Bnhimdhi€r €1 n 'sai d receive array

sald transmt array are

8. The sonar array of claim 1, wherein said receive array and said transmit array are
adapted to be deployed and recovered over the gunwale of a ship.

9. The sonar array of claim 1, wherein at least one of the one or more acoustic
projectors is adapted to generate sound having a sound pressure level of at least 205
dB re 1 puPa at 1 meter, having a transmit beampattern that is essentially
omnidirectional.

10. The sonar array of claim 9, wherein the at least one of the one or more acoustic
projectors is adapted to generate sound in the frequency range of 300 Hz to 4 kHz.
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adapted to be depl oyed and recovered over the gunwal e
of a ship. 9. The sonar array of claim1, wherein at

| east one of the one or nore acoustic projectors is
adapted to generate sound having a sound pressure

| evel of at least 205 dBre 1 Pa at 1 neter, having a
transmt beanpattern that is essentially

omi directional. 10. The sonar array of claim?9,
wherein the at | east one of the one or nore acoustic
projectors is adapted to generate sound in the
frequency range of 300 Hz to 4 kHz. 10 11. The sonar
array of claim1, wherein the one or nore acoustic

1 bridicsenasrasrag od ckabe 1, whereoy thavne ohydreoasioostasprajeetors and the
onaxrenspdiydwphowesfas mtaspersed tarforaya hoaptradadaptedad hoth
transanisamdireedice somadi ve sound. 12. The sonar array of
claim1, wherein the transmt array is adapted to
1212 $0hdr arBPWRElaliR 12AhORILGE thsiSie BeA R sRd8Me§ & RardshRM
sdubl§ (B EGECctADDeddfie AR CELY BoRthEYbikSt ang‘ﬁ?ﬁp gdvi eray is
adaBRAY FeckiiE tﬁ&&%o'fiﬂ 8{’%?% 1etté’ct d %ﬁéct.t e object. 13.

e sonar array o wherern at | east one of
one or acousti c. oj ectors, includes a .
1 TG Sl @y ﬁgglf‘l PoRbiEinof I ChGenrirdng B v dgowi
prejesiors Hiclugpes elrtiedsylmder ansdieerar ray has a | ar gest
di aneter less than or equal to 20.32 centineters. 15.
l4rdde sonaarray paglaioh 1cwhgrainisaid tymemél amaydias a lagest daumeter
lessrthay otreamialiodi0adPetestimetess t han  or equal to the
| argest dianmeter of said transmt array. 16. The sonar
15aMhayorek aghpoNtiddn 1 0heeetin ssidirecdi RCATMEhas ldmdAasles than
or@iqaareb ete llal%%& didiadter O saRftvsndicarhdl f of the |argest
diameter of said transmt array. 17. The sonar array
ir 3 .
R e e e
e sonar array®©o o] - o 7HUREPRIT 84 d recei ve
ay has a digneter |ess than or equal to the
17?2(&@ Qar aﬁr%bh%“t @?mb » Whgrefnsp ﬁ%mltéﬂgﬁ% a&rgeﬁh glagsiRar
lesgrthayorgaual tgil m2¢Eeningies n sai d recei ve array has a
di aneter less than or equal to half of the Iargest
18d T hereaner andy efadlaint Harvéerdin axid ageeivROuraythes 8 divanctarlesyhan
or efjuat ltathmldrgesthigmaedter dflseidaremsmit amaye acousti c
projectors are nodular such that they can be added to
19aMBe gdriaarmat 6Mhidh 1 NeRIn E4i@MRdehR aifagMash Hianidra¥ssti®an
or RGN kSIBalBBf B ﬂ)ﬁg&@ BlagncidrTS MU traBbhA%ragl. The sonar
array of claim 20, wherein the transmt1 array has a
S | e : rtional t he nunber of
fj%%i%g‘f@%’gfﬁ%%ﬁ kR BrRRR S e
& g 0l Y rahadiedie aut derippaamPy e rafsmit
array to proviae a

an expan ¢ transmit array.

21. The sonar array of claim 20, wherein the transmit array has a sound pressure
level proportional to the number of acoustic projectors.

22. The sonar array of claim 1, wherein said transmit array is adapted to transmit
sound in the frequency range of 300 Hz to 4 kHz.

23. The sonar array of claim 1, wherein said transmit array is capable of providing at
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sound in the frequency range of 300 Hz to 4 kHz. 23.
The sonar array of claiml1l, wherein said transmt
array is capable of providing at 11 0 | east one
steerabl e acoustic transmt beam 24. The sonar array
of claim1l, wherein said receive array is capable of
providing at |east one steerable acoustic receive
beam 25. A nethod for detecting underwater objects,
conprising: deploying a sonar array froma single
wi nchi ng apparatus coupled to a ship, the sonar array
including a transmt array having one or nore
leggioue steeraplegicaettisignsmiideainn t he one or nmore acoustic
projectors are disposed along a transnmt array axis, a
24.ddeisveararmappf clauplledherem sal wetivansay ts capatdy of waiding at
lengoak vee@bleayolisdi¢iragi@tean. nore hydrophones di sposed
along a receive array axis, the receive array axis and

23 DenlefRAIH det@iin@Yinderwatel %Bje@@ @bmﬁ‘r%'f'ﬂgg ’aeﬁl&yl% aa:seﬁiar array

ch
S%IEE‘%} léglnn%n%%glglusﬁaélgéro ec%hlﬁe CTCI e one OI' rlr‘%ga

acou 5 pgro,']tec grsi ar ﬁhs oszeg Oeﬂg a 1V agra%cglépled
v%ﬁ éﬁnﬁmt HE"di S W' R Elﬁ?)h i %E?ea‘i’rdgorﬁg@ EOPRPRfHdipgSed
algRgFERceive PEEY 2YIRHE Hcelg iRy 9@8@@ {he wsmitAstey agis haging a
coppBOR@EfGEd Gecoy PraRgihe sonaxeaas vith the sieelegyiaching eppagfus.
apparatus has a drum hub dianeter |ess than or equa
26 dhe methog-edicipin Lepherent the sran@Bit affg axie hd theatceiteadrmay
ax2bgre whiestagitinlly herizbepdloyi ng and recovering each
conprise: passing the sonar array through a ship hul
2P ERE o ofRANIMIS, ¥herdR the %itngﬁs \@fﬁ%hl%g abgﬁtus ht.wdl%q hub
dl@tﬂé’t@} legﬁhﬁﬁﬁpééﬁapﬁrﬁﬁmﬂﬁ%er hod of claim

wherei n the depl oyl ng and recoverlng each

8C ?Hp %ﬂ ﬁ}%d of ﬁﬁﬁrﬁlﬂgwhgr%l 3 gg{ng & \gﬁ%}i\l&g ap]%aggtus Pﬁs q,]gr(ljlpl flub
<h§a%gleﬁﬂngog%lggﬁﬁbﬁgﬂagg<lgﬁm€¥ﬁ% met hod of glalm

25, wherein the deploying and recoveri ng each
29 Shpmicthod of glain28gwhersingBa deplaying pnéese Ve apghaamerisst
pagsingihg sona array through a ship hull penetrator having a smallest diameter less
than or equal to twenty centimeters.

30. The method of claim 25, wherein the deploying and recovering each comprise:
passing the sonar array through a ship hull penetrator having a smallest diameter less

than or equal to 15.24 centimeters.

31. The method of claim 25, wherein the deploying and recovering each comprise:
passing the sonar array over the gunwale of a ship.
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