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sonar 5 arrays used underwater. BACKGROUND COF THE
I 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 10
conjunction with sound receiving and signal processing

el ectronics, can det eSONMRUAARAY SivdT@viwat er that may
i ndi cate, for exanple, the presence of an eneny
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sound pul ses. Each sound pul se travels through the

water, striking objects or targets in the water,

whi ch produce ec®RSKGRUUNDESHEMNVENEOKed by the
towed array of receiving hydrophones. Therefore, an
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hydr ophones. A conventional towed acoustic projector

typically includes a sound 25 source nmounted within a
| arge ringiher adpgsmayts. the phip eamierebotinthg pasiNedpedarsy of sound
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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
long ranges. Therefore, the towed acoustic projector is capable of generating sound

having a high sound pressure level, for example 220 decibels relative to one



30 long ranges. Therefore, the towed acoustic
projector is capable of generating sound having a

whe@hoevshd pressure |level, for exanple 220 derthEs®04/001353

10

15

20

25

30

relative to one I WD 2004/ 065985 PCT/ US2004/ 001353

m croPascal at one neter (also witten herein as dB re

1 gPa at Inm) in order to enable the systemto receive
echoes fromand therefore to detect objects in the

deep water at long ranges. This type of bistatic
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| aegeehaindighngaequi pnent requires a considerable
amount of deck space on a ship. The |arge handling
equi pnent i s 20 undesirable not only because of the

deck spaG®ehthtahl BibtatiCRUYVE Bved Bithy &8 LRE BYFRuldd such that the
presents a radar target having a large radar cross
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recel vin Yy €S 'asS we acoustic

pramdeedoser thetdwedfacoustic projarorb&he large handling equipment requires a
considerable amount of deck space on a ship. The large handling equipment is
undesirable not only because of the deck space that it requires, but also because it

presents a radar target having a large radar cross section to enemy radar systems.

It would, therefore, be desirable to provide a system that has an array of
receiving hydrophones as well as a towed acoustic projector both of which can be
deployed and recovered using a single set of handling equipment. It would be further
desirable to provide a sonar system that has the array of receiving hydrophones as well
as the towed acoustic projector both of which can be deployed and recovered through
a single ship hull penetrator. It would be further desirable to provide a sonar system

that is suited for operation in littoral waters having a relatively shallow depth.
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hydr ophones as well as the towed acoustic projector

bot h of which can be depl oyed and recovered through a
single ship hull penetrator. It would be further
desirable to provide a sonar system that is suited

for operation in littoral waters having a relatively
shal | ow depth. 30 3UMMAROAOBGIEASENPENTWREI004/ 001353
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ti arraﬁ/ Cj:an be
particul ar arrangenent, the acousti’c projectors a
t hiewhd tir foprh erhesizortd ling arrhehaldng oylke deomstic prejeotoerand fr om

a hsyldp(%)lhgné/vl& nch. The slotted cylinder arrangenent

With this particular arrangement, the acoustic projectors and the hydrophones
can be deployed and recovered from a single winch. The slotted cylinder arrangement
allows each of the acoustic projectors to be relatively small and light, therefore, a

relatively small winch can be used to deploy and recover the sonar array.

In accordance with another aspect of the present invention, a method for
detecting underwater objects includes deploying a sonar array from a single winch, the
sonar array including both a transmit array and a receive array. The transmit array has
one or more acoustic projectors capable of generating sound and the receive array has
one or more hydrophones capable of receiving sound, all arranged on a common axis.
The method also includes recovering the sonar array from the single winch. The
deployment and recovery can either be via a ship hull penetrator, or over a gunwale of

a ship.
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sonar array. In accordance wi th another aspect of the
present invention, a nethod for 25 detecting
underwat er obj ects includes deploying a sonar array
froma single winch, the sonar array including both a
transmt array and a receive array. The transmt array
has one or nore acoustic projectors capable of

gener at,. sound and the receive arr has ., one or
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f. Fl 1, an 15 2.
array Sﬁét ?? 1@ aopictoria showing a portion of the sonar array system of FIGS. 1 and

2.

DETAILED DESCRIPTION OF THE INVENTION
Referring now to FIG. 1, a sonar array system 10 in accordance with the
present invention includes a receive array 14 having one or more hydrophones 14a-
14X. The one or more hydrophones 14a-14X are disposed along on a receive array

axis to form a linear receive array.

The sonar array system 10 also includes a transmit array 12 coupled to the
receive array 14 with a separator cable 13. The transmit array 12 includes one or more
acoustic projectors 12a-12N. The one or more acoustic projectors 12a-12N are
disposed along a transmit array axis to form a linear transmit array. The receive array
axis and the transmit array axis are arranged along a common axis, therefore forming a
contiguous transmit/receive array 15 having both the acoustic projectors 12a-12N and

the hydrophones 14a-14X.
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havi ng one or nore hydrophones 14a 20 14X. The one or
nor e hydrophones 14a- 14X are di sposed al ong on a

receive array axis to forma |inear receive array.

The sonar array system 10 al so includes a transnit

array 12 coupled to the receive array 14 with a

separ atftoveedblel 61@uplEk ehettranmmiviréceveraayy 12td the khigds. ahetow

or r 25 acoustic projectqrs 12a-12N.. The one ar
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acoustic projectors 12a-12N and ophone

1 4pnepKonSQr Hcomdirion bOBBB 88reROTiiddSANmI dbeB&8BIc cAntartions.
cable 16 couples the transmt/receive array 15 to the
ship 18. The tow cable 16 provi des a nmechani cal

coupl i 1g op&ti&s WheR e wdithrodgh 4B vatdd By HIRCHIY B8 alstftich speed,
The tow cabl e al so provides el ectrical connections
behg@msminecalys yraygl Spgintais a gepgrally /korizoptal orientation due tf

i : i . 14
(R EPag AR ol SER AL ats [ Ao e
Wi reeognimad dwt assths stip 18 itwres, theptransmittrereveciiapi§ cax ciave

cqonbination of bhoth wire connecgtions, and fiber optic .

c AR qrmihsg att e g e CONle AR RanSn axs for
Wethetramdyhit dveaySiapd U radeivaidrfdyqiyent speed, the
transmt/receive array 15 maintains a generally

hori zontal orientation due to 10 hydrodynam c forces

that opgbAfeftARntik AARIHN de}ﬁ%‘ak ‘gcﬁ‘lcc%rté gé{e{_pl]}?e cérﬁbiﬁzétion of

shoul d be recognized that as’the urns, 't
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towed though the water by the ship 18. :

Each of the acoustic projectors 12a-12N generates an acoustic projector
beampattern. Each acoustic projector beampattern can be substantially omidirectional,
and each acoustic projector can generate sound at a particular frequency, 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 than 4 kHz. Also, selected ones of
the acoustic projectors 12a-12N can have a different beampattern. In still other
embodiments, selected ones of the acoustic projectors 12a-12N project sound at more

than one frequency, for example, in a band of frequencies.
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nearly horizontal, a drogue line 11 can be coupled to

the transmt array 12. The drogue line 11 provides a
further drag force as it is towed though the water by

the ship 18. 20 Each of the acoustic projectors

12a- 12N generates an acoustic projector beanpattern.
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sound with a hydrophone beanpattern. Each hydrophone

beanmpat n.be suhstantjally omdirecti |, .and .
eac LTD h 3}}(’1 rg{l) 0 n%m%@‘ P g%le@g ﬁhe?té%‘éwge%ebwaﬁ'ﬂs g‘ﬁf} fatoustic
paidjeaoispst wadclethe facodstie preRidtir€ Ba- f N i@ %RAFRpI8s, %ach spaced by
frﬁogg 611){f@band of 300 Hz to 4 kHz. Al of the
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However, in other ments, selecte
hfémm}@ﬁ@lﬁ @sntqmtacmm Clehe tow cable é6 soonechavtidulwir ﬁmbodiment is five
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Alcamhavennm‘elnlem six or fewer than six acoustic projectors and more than fifty-four

or fewer than fifty-four hydrophones. Also, in other embodiments, the acoustic
projectors 12a-12N can be spaced by more than 60.96 centimeters or by less than
60.96 centimeters. In still other embodiments, the transmit array 12 is modular such

that acoustic projectors can be added to or removed from the transmit/receive array 15.

One of ordinary skill in the art will appreciate that an array of acoustic
projectors, for example the acoustic projectors 12a-12N within the transmitting array
12, can be used in combination with transmit beamforming electronics (not shown) to
generate a steered transmit beampattern (not shown). Such a beampattern is generally
conical and can be steered to a selected angle about the axis of the transmit array 12.
Similarly, it should be appreciated that an array of receiving hydrophones, for example
the receive hydrophones 14a-14X within the receiving array 14, can be used in

combination with receive beamforming electronics (not shown) to generate a steerable
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enbodi nent, the transmt/receive array 15 has six
acoustic projectors, of which the acoustic projectors
12a- 12N are exanpl es, each spaced by 60.96
centimeters center to center, and the transmit/receive
array 15 has fifty-four 15 hydrophones, of which the
hydmed)‘{ﬁhmmsatlm(mmwre @i emsmitchehmppizare dhdseceive

centinmeters.center tpo center. The tow cable 16
| et EF Rl erRig S a8 B sptea e R v Etied ot the
| QX oftiy¥RVEVe arkdy 1L Merefot.QHE BRMpattetn the transmit array 12 can
transmt/receive array 15 can have nore than six or
f dgiointety the sameditestionashobeampsttern f therrpgedveranegs 12. This
f | Jakt¥ou] @ Yhra
ekl 4 MDA ke LA SRR oo
1 Zaray 3psterad 0 b Elosysmereh diher embeditiieats, Ghed6f the transmit mmpattern
o B0l s 28 P B e ok B PufEiptnon
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acoust iwhi#dthe 'Er@hﬁﬁﬁ Q&as_y- li 19 Ehme%ﬂtcﬁ\ AUV difay 14 relative
projectors 12a-1 he transmtting array” 12,
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hydr ophones 14a-14X withiri the receiving array 14, can

be used in conbination with recelve beanf or m ng
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transmt array 12 can
transmit/receive array 15 through the water, in other arrangements the transmit/receive

array 15 can assume an orientation other than horizontal. For example, if the sonar
array system 10 is towed at slower speeds by the ship 18, or is not towed by the ship
18, the transmit/receive array 15 can assume an orientation other than horizontal,
including vertical. In other embodiments, the transmit/receive array 15 is not coupled
to a ship. For example, in other embodiments, the transmit/receive array 15 is coupled

to a buoy.

Referring now to FIG. 2, in which like elements of FIG. 1 are shown having

like reference designations, the sonar array system 10 can be deployed and recovered
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the sonar array system 10. However, in other

enbodi nents, either of the transmt beanpattern and
the receive beanpattern can be provided at one or nore
fixed angles, without steering. 10 Wiile the transmt
array 12 is shown to be aft of the receive array 14
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A variety of sizes of hull penetrators 104 can also be used with this invention.
In one particular embodiment, the hull penetrator 104 can have a cross-sectional
diameter, d, of less than or equal to twenty centimeters. In another embodiment, the
hull penetrator 104 can have a cross-sectional diameter, d, of less than or equal to
15.24 centimeters. Those of ordinary skill in the art will recognize these to be
relatively small diameter hull penetrators for sonar systems deployed from a surface
ship. However, in other embodiments, hull penetrators with larger or smaller cross-
sectional diameters can be used. A minimum hull penetrator diameter is selected
based upon a number of factors, including but not limited to, a diameter of each of the

acoustic projectors 12a~-12N.
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10 can be depl oyed and recovered through a single hul
5 penetrator 104. Therefore, the sonar array system 10
can be depl oyed and recovered covertly such that
those not aboard the ship 18 cannot see the depl oynent
and recovery of the sonar array system 10. A variety

of si zeRefefringinnwhe FIG R icwhichdike sketheitds ol FIGS.9 and 2 are shown
i nvent i i ment,. the wi nch
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| ebs inchdinedhe aqustic nrejestar FN.- Aitegnemit amey eablasostion s eouples
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ol 2 ettt el Bt o Fouplte i B Sy rpypable section
b Ut 51N Othelatdtisti€ Profjeetora 26l ﬁrﬂ;ﬁﬂ%@ﬁn ﬁf‘&l@ca&)ql%t\bh@lf] iseeabd Rith O-
the acoustic projectors 12a-12N. The acoustic

pridpascr dredike e a projeciprdiogeing ﬂﬁ&ael‘hen mojgetenh@isingdid8ickn have a
hu{yllilﬁﬁﬁédl Qﬁhgyz\" Wore Féj]@’(: aﬁ 16%2 ﬁg sgiléc?%)ythg Eu‘ﬁ)fetcﬁ)?%ousmg 160 with

penetrators 10 e use

i N@eitgs onthe hkm amh@fqnat:(tnnectbaplug rm@cbujﬁtﬁstthe ztcb&sti&qirdy ector 12N to
enetra

h I 0SS met er,
DGRl baf 13, e AR Sic TS etRn AN S P seald o pigvide a
an@ﬁt@ﬁrghﬁéﬂaqﬁnﬁfﬁﬂtt 160t M@e vmérhgm %&%F&&h&{t lé@éarp@é"elmélvﬁlled
a CroSss- sectl onal di anmet er, ess than or equa

t oWith 8 2N Seme ierbPEMENtsTPIsEB bmﬁlleci with amsgfmllm cohguctivefluid,
arfor Ma{rﬁlpli@ﬁ%ﬁg Bi1 Z4 oHie %ﬁlb&?nﬁﬁts 22 Joﬁh@é e?rzslx% erngsgl)llceea 164, also

di anet e ehetrators for son
f romply rsfq:rrfeétneher@h lapa triimdecce l 64,ican be tlsposedhdtﬂnﬁmﬁe tatertight

huII n . or | lL.er cross-
set H?I% ﬁa en d@mﬁlgw nscdgﬁerk}gﬁ Ll,lss%oélprcég\?%‘* SPRARIRLGaple 13 with wires
perss; waichpash thisaiietheisspasabesbrd 3. based upon a nunber

of factors, including but not limted to, a dianeter
of each of the acoustic projectors 12a-12N.

The acoustic projector 12N is coupled to the separator cable 13, which couples
the transmit array 12 to the receive array 14. The separator cable 13 is coupled to the

receive array 14 with 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
be comprised of a tube 172 in which the one or more hydrophones 14a-14X (FIG. 1)

are disposed. The tube 172 can be filled with a fluid, for example castor oil.

The transmit array cable 151, the separator cable 13, and the receive array 14
can include fiber optic couplings that carry transmit signals to the acoustic projectors

12a-12N (FIG. 1) and receive signals from the hydrophones 14a-14X (FIG. 1). In
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150 of the transmt/receive array 15 (FIG 1)
includes a transmt array 12 having one or nore
acoustic projectors 12a-12N (FIG 1), including the
acoustic projector 12N. A transmt array cable section
151, couples 5 the acoustic projector 12N to the

acthes einboginepiscthe frad it {rfdyGablk) 151, bk sepgratdreable d8sdnidahe

roj ector N as, representatiye of all such gcoustic

oo Bl i nduco B ERs; SEeBer bmineicy Drcmamt aray
afdabledB B WpaflddGato43,f M e iV Etrdy0 4tiRGudd BHIR Wids
array cable section 151. The acoustic projector 12a

i rfen s gyl aer opligicQuRbNgss6, which is sealed with O-
rings or the like to a projector housing 158. The

proj ector housing 158 can have a 10 cylindrical shape.

A f or e Thadragyipcard g4 ican be s dlotehddidddraranbducer dewhioh is adapted

h ' ' rings or th i.ke. and a fore

o Qb Bttt Sntilolh oAb UIAE w0t T NS Fing B sp By Spre oyg! of at
t deasaZ(SSeclbaf ibalswélaifisaigb ®nd Blicriﬂ_’%caﬂ@ﬁﬂl 8hé FefRF (H%s{%ﬁb@ﬂ'ten%%in as dB
[ her ef ore seal ed .t rovide a watertig

Icgfnt& éﬁ%% ﬁ%ﬁP)- 1@‘6?’6“?& dt i%ﬁt%érﬁeia@hr@%m pihentyPesed teasusers 164
eikhBRh t6 bid EGrdivhrl Riid i8R dfeaA QI 1 oad PR Snveflfiorf 8ot

be filled with acoustically conductive urd, 1 ?or
eXiamisiddo enls stoited cylindentratstieserse yoltienment, she skosssigrpaojector 12N

PSS ATRN B PSS s o

wat &Pk ght m. deopapirtianir chiddinlde, the 208616GR6jcdBA 106 generates
coupled . to the separator cable 13 with wires 168, .
WP @ROYSHE EGWEE@ ayig 28 eprantillyronuudirestiamal shapeThlewever, in

GRS binbodMRhiS GhOhcohdht ﬁr%{e%y Ph8 Qart Ravk Q%ié%ﬁ{)e%‘fntpﬁtéem.

cabl e 13, which coupl es he transmt arra
receive array 14. The separator cable 13 is coupled to

h ' . i f tor..,17Q.
e TSGR LA e, T B S
hydnp po oNEKS. 24eond 4 Xinglelvidnch @92, 191G. Rylgdvithi 4 ¥gndlN@ib diameter (D,

4 I n qne rticular enbodi nent, the .
Pﬁélo 52&% Qgstcépgq:aahﬁ)ve,c}t is dgglraue tHatt e acoustic projectors, e.g. the acoustic

projector 12N, be small, both in diameter and in length.

In one particular embodiment, the acoustic projector has a diameter of 15.24
centimeters, a length of thirty-eight centimeters, and the transducer 164 is a slotted
cylinder transducer having a diameter of ten centimeters and a length of twenty
centimeters. With this particular arrangement, the acoustic projector 12N generates
sound having a sound pressure level of at least 205 dB re 1 pPa at 1m while
maintaining a small acoustic projector size that can be deployed and recovered from
the winch (102, FIG. 2) having a relatively small hub diameter, D (FIG. 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

10



be conprised of a tube 172 in which the one or nore
hydr ophones 14a-14X (FIG 1) are disposed. The tube
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oil. The transmit array cable 151, the separator cable
13, and the receive array 14 30 can include fiber
optic couplings that carry transmt signals to the
acoustic projectors 12a-12N (FIG 1) and receive
signals fromthe hydrophones 14a-14X (FIG 1). . In 9 W
2 0 m&gg&ghtmmﬁa@ommg {iR5nsduichesan Qmﬂllﬁmﬂﬁeﬁ grehﬂ@tgthan or
tran t arra abl e the s ara or cable 13, an
t HES fln e Giine 13 Al GH%IP GEFRAIAR of buiaR Bry peptimeters.
ot her enbodi nents, the transmt array cable 151, the
separator cable 13, and the receive array 14 include
bot h wilpéne E@H@U@t%@dmt,fth%@anwmer t64 ganstatasgoundchaving a
r I
RO e 3 R B By BB LR SR bR P be
acmbmbdu)gmqpecbmmﬂﬁmmgwmtmgn@y@ﬁuadh@r@ﬂauﬁﬁntfnﬁi
of at [|east 205 decibels relative to one m croPasca
and one neter (also witten herein as dB re 1 Pa at

' m . HaweuEbe apptectetthst tﬁ’@hﬁﬁm&ﬁésafcﬁ@xirﬂﬂﬁ tif{Hy&Fophone 14a,

types of transducers 164 10 known to one ordi nary
KiFIHdadhin tieeqsive aremy 141(EK3 5 cgrsleaismaleethen éhq agQeshic ipejectors,

| StoP@lam é ﬂi{b 5&)@15&(9 Yor $2QL 118G & Wclurilgrﬂn the ﬂ%ﬂﬂ?ﬁfﬂ?

Furt her the acoust] c ptoj ect or can generate
sdirig lha\Thergfoae, $1mmab1‘1zfr asyudeah beed a &mﬁal@r diatneter tHaa mhecarcoustic
| ess. ha |cu
oS RE TN 1B paliuty eltnRfimen, B reBie BRI hasch el
a@métbﬂhﬁeﬁﬁp}ﬁéilmﬁﬂalyl‘ta&’ kdifle &the Bs&st didthét¥ér of the acoustic
omi di rect i onal However, in 15 other

erR3BgstAR HANS, Irltal?@tiam?%@ql%r eghoflisaany theyeseivandirayahiehag a largest
di d’lﬁﬁététocﬂﬁl is %Etteg{: e haﬁ%ﬁﬂ"}éslgr el df a“fetéil?f H{eeac&%;u@e

abl e to depl oy an er the tr nsmt/recelve

1@rejectpt N. 2Infstill tter sinhodiments it racioR arrést @& had)a lh@vstrdgameter
ub dla . Fl scr

" anoliéF e Smalihanarbeshs fPhecdasaRpta R aldgicmector

aciopstic 20 projector 12N, be small, both in dianeter

and in | ength.

While the acoustic projectors 12N is shown and described as having a
transducer 164 within a sealed cavity 160, acoustic pr\ojectors having other
arrangements are possible with this invention. For example, in other embodiments,
the acoustic projector 12N comprises a transducer 164 in a potted or molded
waterproof body. Also, while the receive array 14 is shown and described to include a
tpbe 172, in other embodiments, the one ore more hydrophones, or which the
hydrophone 14a is one example, are separately potted or molded so as to be

waterproof and are coupled together without the tube 172.

All references cited herein are hereby incorporated herein by reference in their

entirety.
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In one particul ar enbodi nent, the acoustic projector
has a dianeter of 15.24 centineters, a | ength of
w0 biorys9es ght centineters, and the transducer RBGHUSHO0#001353
slotted cylinder transducer having a dianeter of ten
centinmeters and a |l ength of twenty 25 centineters.
Wth this particular arrangenent, the acoustic
proj ector 12N generates sound having a sound pressure
| evel of at least 205 dBre 1 Pa at Imwhile
mai nt ai Havigg dessmted| prefewesembodimneajieof the irsierttort, itatill@a@w become

be_depl pyed and reco ed. fr the winch (102, FIG, .
oy R e PEREEITH Shar Pt bfhensHRbalimt s fepieoraging teir
ascondas fiap 6l ugddo Vieis fdHONERIre thiafthedetBiboRHRME sKBHS 0t he
acoustic projector can have a 30 dlaneter(ﬁreater t han

or lingedtordisehpsedenbodipnts, st eather slhinnldibg imtedondy by therspirit and
5thﬁﬁp95f&§§ﬁmn 2004/ 065985 PCT/ US2004/ 001353
than thirty-'eight centineters. Al so, the transducer
can have a dianeter greater than or Iless than ten
centi rs and a .l ength greater than or |ess than
tmentgeﬁﬁﬁVFﬁ@P¥%§? In one particul ar enbodi nent, the
‘transducer 164 generates sound having a 5 frequency
of 3 KHz. However, in other enbodinents, the
transducer 164 can be adapted to generate sound
having a frequency greater than or less than 3 kHz. It
will be appreciated that the hydrophones, for exanple
t he hydrophone 14a, included in the receive array 14
(FIG 1) can be smaller than the acoustic projectors,
10 for exanple the acoustic projector 12N, that are
included in the transmt array 12 (FIG 1). Therefore,
the receive array 14 can have a snaller dianeter than
the acoustic projector 12N. In one particular
enbodi ment, the receive array 14 has a | argest
di aneter that is approximately the sanme as the | argest
di aneter of the acoustic projector 12N. |In another
particul ar enbodi nent, the receive array 14 has a
| argest 15 dianeter that is approximately one hal f of
the | argest dianeter of the acoustic projector 12N
In still other enbodi nents, the receive array 14 has a
| argest dianmeter that is another proportion smaller
than of the largest dianeter of the acoustic projector

12



12N. 20 While the acoustic projectors 12N is shown and
descri bed as having a transducer 164 within a seal ed
W@ 2wi0§598%50, acousti c projectors having ot her PCT/US2004/001353
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. Also, while the receive array 14 is
shown and described to include a 25 tube 172, in other
enbodi nents, the one ore nore hydrophones, or which
the hydrophone 14a is one gﬁg %e, are separately
potted or nolded so as to b erproof and are
coupl ed together without the tube 172. Al references
cited herein are hereby incorporated herein by
r & er erft &R He FOMPENGNt  rety. 11 WO 2004/ 065985
PCT/ US i i .
ermbod rony S apia R bitthr ST G PR, Serein the oneor
appeteearoustis paejectors ar dispeaedyaleig 4 fransmit duey axis; ardat

ot her [ ' rating.their . concepts nmay. be
iseq, rrondVqTY Solee B il coig BT oty FMing Sne or
s hnote thydophdies dispeset aldng @ rebebelana e dxiethofbceiwdhay 44 and the
rat her should be limted only by the spirit and 5
séHB@mEFm?hémégﬁéﬁﬁ%ﬂn@mg?ﬁ@? What is clained is: 12

WO 2004/ 065985 PCT/ US2004/ 001353 CLAIMS 1 1. A sonar
array, conprising: 2 a transmt array having one or

1 moke addestiar apappeClaom ¢, whrein ghatransmiten@y exis ad thereceive

2 aca%;rtalxﬁ. Pers%se[%ﬁt??ﬁlghgrri%n.%Sposed along a transmt
array axis; an

oy o W

receive array coupled to said
transmt array, said receive array having one or

1 3. The sonar array of Claim 1, wherein said receive array and said transmit array

2 are adapted to be deployed from and recovered by a single winching apparatus

3 coupled to a ship.

1 4. The sonar array of Claim 3, wherein the single winching apparatus has a drum

2 hub diameter less than or equal to fifty centimeters.

1 5. The sonar array of Claim 3, wherein the single winching apparatus has a drum

2 hub diameter less than or equal to thirty-eight centimeters.

1 6. The sonar array of Claim 1, wherein said receive array and said transmit array

2 are adapted to be deployed and recovered through a single ship hull penetrator.

1 7 The method of Claim 6, wherein the single ship hull penetrator has a smallest

2 diameter less than or equal to twenty centimeters.

1 8 The method of Claim 6, wherein the single ship hull penetrator has a smallest

2 diameter less than or equal to 15.24 centimeters.

13



5 nore hydrophones di sposed along a receive array
axis, the receive array axis and the 6 transmt array

W@z2008/06983 Ng a common axis. 1 2. The sonar ar regr/082004/001353

A

= w N

Caim1, wherein the transmt array axis and the
receive 2 array axis are substantially horizontal. 1
3. The sonar array of Claiml, wherein said receive
array and said transmt array 2 are adapted to be
depl oyed from and recovered by a single w nching
aphar atThe s@nar arrpy efClan &, wlliérﬁn séhd4ece'|§/ieemap aad said trangnif array
int aratus has a
arepteq i Seenutedng e Eebives AR08 APRIP
centinmeters. 1 5. The sonar array of Claim 3, wherein
the single wi nching apparatus has a drum 2 hub
di‘&rret dhejseras aprpnupl Glaing dupshereip at lenstope ef hone or more acoustic
Cgﬁ’@b&ﬁfs% adap ted%o éékﬁaéé&b%ﬁ h%lﬁ% nd?rc%k&& eM}ea'E fe'aglc 205
sdid recei ve arra sald tra rray are
ad%meeldiﬂacat B enederphayyrerh mmﬂrrmtetmampatmdn that iseggentaallyi ngl e
@%@?Emb E?netrator 1 7. The nethod of C aim 6,
RS single ship hull penetrator has a small est
2 dianeter less than or equal to twenty centineters. 1
8.. . The nethod of Caim6, wherein the single ship hul
pelr%et r g sonaK array elfglpig 41 whepeig |ahl$ﬂ£tt epe Pfe@g OB @frimefe acoustic
betbQ iddudd aGRAE eﬁfngelstran%&c\ép 2004/ 065985
/U82004/001353 1 9. The sonar array of Caiml,
mhereln said receive array and said transmt array 2

a [‘}%V\gld aIF?lte ggnatr %ﬁa}bo“dﬁlej O¥ e\%hegenlg gé{g r%ﬁ% ggﬂ‘ %%/ heaéag?rﬁ?si diameter

\Ahesrseharmoatteqnhseamom&naﬁletebse one or nore acoustic 2
projectors is adapted to generate sound having a sound
pressure level of at least 205 3 dBre 1 Pa at 1

KLer
g? gent Iﬁ{?ll?\éi)/ﬁhégi ag'%}% Jljiz(:f‘lrﬁfg}: 'ti% %ﬁgfg?ﬁ‘gzh@ Fer&eﬁ{E lray fas a diameter less

e sonar array
ofthadl eriequal to thiedargésh diatnetee aSsaidbrensofit drtay. one or nore
acoustic

14.  The sonar array of Claim 12, wherein said receive array has a diameter less

than or equal to half of the largest diameter of said transmit array.

15.  The sonar array of Claim 1, wherein said transmit array has a largest diameter

less than or equal to 15.24 centimeters.

16.  The sonar array of Claim 15, wherein said receive array has a diameter less

than or equal to the largest diameter of said transmit array.
17.  The sonar array of Claim 15, wherein said receive array has a diameter less

than or equal to half of the largest diameter of said transmit array.

18.  The sonar array of Claim 1, wherein the one or more acoustic projectors are

14



2 projectors includes a slotted cylinder transducer. 1
12. The sonar array of Claiml1, wherein said transm't

w@reapedrss a | argest diameter 2 | ess than or BOUER2000001353

w 3 oy ol W N

20.32 centinmeters. 1 13. The sonar array of Caim 12,
wherein said receive array has a dianmeter less 2 than
or equal to the largest dianeter of said transm:t

array. 1 14. The sonar array of Caim 12, wherein said
receive array has a dianeter less 2 than or equal to
hainpdwér sublethatthge edn i adided erand bltsrabtively @noned fram tive/trankmit
15, qu sQpar. array, f Caiml, wherein said transmt

ar P ROV an CYRUTIAYP HRRSRIF A8 | 055 t han or equal to
15.24 centineters. 1 16. The sonar array of C aim 15,
wherein said receiye array has a dianmeter less 2 than
or I qualhersgnanpgray of Gladm 1§; whaseiatheransmitdrmay Aasmsaund pressure
ar 1 f im 15, wherein said
re%g%d\%dlpaogtzogf}l g}éega |35§£%%¥Stfbep§§egéﬁf% han or equal to
hal f of the l[argest dianeter of said transmt array. 1

1 The,.sonar arra f ajmJl, erein the one o o,
3% acHiapre HRY fﬁ‘é@&?? . Rpgreinsgid)gnsnt apgisgdapted to transmit
PGbukiS2004 f10§iabBrange SN0 tosiuglz. t hat they can be

added to and alternatively renoved fromthe transmt

3 array to provide an expandable transmt array. 1 19.

The songfe s@ﬁéfr%)‘ragf)f Eagthm Jvﬁersmgfdecra%sﬁlﬂ %rrL{ f%g:ag%btl% %f providing

array has a sound pressure I'evel propor

t as leastdnestegfablecrsosstic trapsngif beor s. 1 20. The sonar
array of Claiml, wherein said transmt array is
adapted to transmt 2 sound in the frequency range of

3WR. Hz The sénd¢tdrray &f Clhim Thehgenanidatdene Riay @ @pibld of providing
vvheliei n saj d"‘i’[ ansmt array is capable of providing 2
L {easiqne SiearadleAsP Ul £°CaVE E e transnit beam 1 22.

at?
The sonar array of Claiml1, wherein said receive array
is capable of providing 2 at |east one steerable
acBust i & methodiforedetasting underwater objects, comprising:

deploying a sonar array from a single winching apparatus coupled to a ship, the
sonar array including a transmit array having one or more acoustic projectors, wherein
the one or more acoustic projectors are disposed along a transmit array axis, a receive
array coupled to said transmit array, said receive array having one or more
hydrophones disposed along a receive array axis, the receive array axis and the
transmit array axis having a common axis; and

recovering the sonar array with the single winching apparatus.

24.  The method of Claim 23, wherein the transmit array axis and the receive array

axis are substantially horizontal.

25.  The method of Claim 23, wherein the single winching apparatus has a drum

hub diameter less than or equal to fifty centimeters.

26.  The method of Claim 23, wherein the single winching apparatus has a drum

15



1 23. A nmethod for detecting underwater objects,

conprising: 2 deploying a sonar array froma single
wWoweaelsiegs appar at us coupled to a ship, the 3 BOER2004/001353

array including a transmt array having one or nore

acoustic projectors, wherein 4 the one or nore

acoustic projectors are disposed along a transm t

array axis, a receive 5 array coupled to said

transmt array, said receive array having one or nore

thubyditmagérd esa shahi 8 pQe: th thirgnReight deeimetes. array axi s, the

receive array axis and the 7 transmt array axis

having a conmon axis; and 8 recovering the sonar array

w7t h the nsdthell &F (‘Jl’hlﬁpiB RéheRRPAE AL Sying ax?cf"reca_\;é@ing@idmﬂmpnse:

of Claim 23, wherein the transmt array axis and t

r ecei \EssiRg thy somar axgvsthrqugh subipthaneagtrajorheying éﬁtnallest 1

0 in the single
ﬁ?ﬁ%ﬁ?ﬁﬁggéghgétE@qéggggggm“»Q Sehub di aneter |ess
than or equal to fifty centineters. 1 26. The nethod

m 23 SL nchin aratus has .
P8 ungrerestied S0amDRLIBEHNF GRIoUAR U Saa e e ik comprise:
di ametRsihe®he s&ﬂ@ﬂrr thstigRla ship Hullipehdtra€dr¥aling a smallest
centlr%terg;ﬁ;l 1 27. heﬁﬁgthod@of SFa|n123 ereln t he
FEpnYey lag tharorregpdve 5 Ad cadigretadnpri se: 2 passing the
sonar array through a ship hull penetrator having a
smal l est 3 dianmeter |ess than or equal to twenty
cnt i riteenghodlofZdaiml?ds wheteirothe dbplQyiag endcowniag each dohgprise:
depl oyi n d recover|n each c 2 passing the
Sohar Fartag B ST GHOLOR A SRS GEASTPat o havi ng a
smal l est 3 dianmeter |ess than or equal to 15.24
centinmeters. 1 29. The nethod of O aim 23, wherein the
depl oyi ng and recovering each conprise: 2 passing the
sonar array over the gunwal e of a ship. 16
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