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WD 2008/ 052647 PCT/ EP2007/ 008882 ACOUSTI C UNDERWATER
ANTENNA 5 The invention relates to an acoustic
underwat er antenna of the generic type defined in the

PRBCoAbAIbEREZ, N0 ol ause of claim 1. 10 NAs)oosss2

erwater antenna, which is referred to a
mari ne-seismc streaner and forns the acoustic part of
a towed-array antenna (DE 42 08 178 Al), has a skel eton
with two traction cables and nol di ngs which are
arranged separated fromone another in the |ongitudina
15 direction of the traction cables and are fixed such
that they cannotGRWAE 1xVAIDERYST HEh ENTEY NGy act i on
cabl es, which run dianmetrically opposite on the
nol di ngs. The skeleton is drawn into an antenna casing,
which is in the formof an elastic flexible tube, with
20hehenmehdiing k&db&bsoﬁoeamhammuﬁunyknﬂdg;wanﬂnnamﬂhnna

R G R L Bt el R R LS IR
afteénAa eAsrhgiandior of the flexible tube.

electroacoustlc transducer, which is prOV|ded by neans
25 of a single hydrophone, is inserted in a centra

ap8Ft Fe"Rol Serveset FOIEIRG  afBlice Sor r6URdeE by-a as @
sheeveccenpescd @ftrmamceiridfmfm Eaﬁb bbausdu@e@alr& of

connect d to_an el ectric I|n ssed t u
BLRERE A 2ad SRRt T2 2] e g & SEtélbn
ewethr|¢MOI|UK&pﬂEQm tcable@tr@ndc wsédubbsesﬂhmch are
S o] [ f ct r; r t
SRSnangROEeRa i ol Lo, S s e S Mo e
[ ﬁltléﬁﬁéll@ﬁc@f el’\%\?—‘edtiﬁ%‘ﬁﬂrw Gad Ligsodardd adte t hexedt pich

OfthQQChtEéﬁCté@@h@t asgsndl xé,Xléﬂqu/ reheregd toy@s t@:a?éclon
flexible tupe is cl d at the end and |s

cha
fFFEES%NtiV 1 quFd? T 3R T e URRAE pr 6% deh
t heldingnsi Ghal sKedkitlont Y sofdrtzher filrexd bire atruhﬁmaofcelshﬁ'lg,

hohden. ;whisgh Gannpl. roye axi ahhy. ;Lo thg hransgucers:
the molding jacket of each molding being supported via
two annular strips, which are separated axially,
composed of open-cell PU foam on the inner wall of the
antenna casing and/or of the flexible tube. An
electroacoustic transducer, which is provided by means
of a single hydrophone, 1s inserted in a central
aperture hole in each molding and is surrounded by a
sleeve composed of open-cell foam. FEach transducer is
connected to an electrical line which is passed through
the moldings in the flexible +tube interior. The
electrical 1lines lead to electronic assemblies for
signal processing of the electrical transducer output
signals. The amplified, digitized output signal, with
interference removed from it, is produced at the output
of each electronic assembly, also referred to as a
channel. The flexible tube is closed at the end and is
filled with a liquid. The moldings are used to provide
the dimensional stability of the flexible tube, of the

holder, which cannot move axially, for the transducers
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WD 2008/ 052647 - 2 - PCT/ EP2007/008882 in the flexible
tube, and for danping the liquid flow in the flexible
tube, and therefore for reducing interference signals

aﬁotEﬁoErBEEQg‘iers 5 In the,case of to‘ifd;i-/%‘ﬂ 008882

ant ennas ange has very ‘recently béen’ma

packagi ng the electronic .assenblies in
pressure-resi stant housings and to arranging them
tmgeKMH'ﬁﬁdiﬁh%&atub@sdandridnwddmplmmdemMHUEQuld flow

aghen@ﬂe t%ﬁ%x&%lgo %%%e'n %%% a%%%§tk%r%ar%b%o &ﬁéﬁng

towed-array antenna. In this el ectroni
aS@éﬁﬁﬁ?;emﬁEcﬁldéﬁlﬁe@tatbhahn@hsduserassoc|ated, in
ternms of space, with one transducer, in such a way
that one transducer and one el ectronic housing always
f &P &WCorr@Sanctherogierar el SN enide 15 FbAGPEEudiaSalvery

dh:ee@htmp ofpddte underwates amemagingy WwBY Ofelectronic
one such towed-arra enpa i.s disclosed.in

CE BB 80S " BFEEu ALt YRR EaE S ous el onped’ Mo

nmedubeginpge @rerangedeatimeonewdthnorte r owensadlutersat ehy the

opngqbehipd t Qﬁtgb\,ﬂgr itﬁa% gel thody which20 fad ssr:ltglgaart

ant enna casi ng i's configuration, an
| 8fgi tHd natowirdTaReRY | sapéqonped Bé%mﬁ%@@sadpaéémt each

téaaédy@ﬁﬁé | oWy ,on dierpnegdantks thg  ehgehkani c ig
housi n t be accommpdat ed and, on the other hand

f FBECS 3 rm%P B 0\A etPF T sYTEP NP8 tEFRSAUGe T hd D
ekachri galwdy neshand ooabl eganaddcwehi céindt hetef arleectronic

c . _he | N knjte S [ t.he
Igﬁggﬁﬂ%|éEM%%%tg§gggkef%%3 g?ﬁéh??a%ﬁlﬁﬁﬁ%§e%¥ in the
mapohédutonehe dieception fequedciveslegwatteansansshoa. By

vaS?UG%Cf' ese)&fmﬁlrée Un&'ﬁé V"aESEhanEGQQQ 5&596 AGUSIHEC i

part In or der tO formdirectional characteristics,

tﬁéscﬁéééﬁtﬂéh PEed¥éncll oB3br &sniketen Pyegaenepest and

t Beecupdat watisd @l €nNdael Sasti@sd e adndpRR’ hbPkt rows
m SSi on or fcggt on

1905 AP S, B BTSN €Lt S0 S5t on o1 FORB, O
clialdst etiestawte®®a casing. With this configuration, an
adequate longitudinal distance 1s required between
adjacent transducers in which, on the one hand, the
electronic housing must be accommodated and, on the
other hand, free space must be provided for strain
relief of the electrical lines and cables, and which
therefore cannot be made indefinitely small. Since the
longitudinal distance Dbetween the transducers 1is
matched to the reception frequencies or transmission
frequencies of the underwater antenna in the acoustic
part in order to form directional characteristics, the
reception frequency or transmission frequency of the
underwater antenna 1is subject to an upper limit when
the aim is to ensure transmission or reception via a

single main lobe of the directional characteristic.

One known transducer module (DE 196 12 503 Al) has two
transducers which are separated from one another, a

separating wall which is arranged between the
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One known transducer nodule (DE 196 12 503 Al) has two
transducers which are separated from one another, a
separating wall which is arranged between the WO

20884 6586422543 - PCT/ EP2007,008882 g ﬁc% YA ds2

conpose Iector and absorber materl

el ectronic circuit in which the signals received by

the two transducers are anplified and digitized for

t tansATsSEOA. éﬁﬂai$ansmpoeed5aﬂeﬂﬁfﬁentsepandtmh$orber

% leele Bﬁonﬁﬁ C'ﬁ%%%&oﬂ% r%QQ%d H% awhlchThthe

rlcé orn1 encapsul ate yuret ha
sébﬁﬂéﬂﬁn@%ﬂv%sbké Fhpr gfid etwdls@%m apss tImplified

téaasdua%lehgaant Srahd thes RiRLIS N C  CIHLUI te iRy cer
z anot her in such a way _that éhe two 10 .transducer

PLRBAPSSar STRABAHN tRe L 119 afd otgihnist Ciheuit are

cemtengmeb ah the &@nammMHmahMﬂﬂqrmandéHmapsﬁkaﬁédnuwzth
C|r e%ﬁaBlaC bove the Iaterf

b o
pa a wall . S%%aarail%g mah %gc |evesprgg8uguﬁ?d
shauemﬁhgsoftmaeTmmmmaduaﬁgdu@b¢m@m@meﬁtsi thel®=ladgiraic

Wexrt:tl@& eﬁ% t 5@1@8%%%&1 eents i onlpyst SPHA o

ceives
waves froma hem sphere in front o %% deparati ng
WaFPDSHHECE NP RFFHESI §TBaPdd R Che tHl5 é@tftofandﬂeéﬁlgmtn@f

thee 2Qephys calelcondf guraéi OBephrani Hgdewater amldennae
such that the s e required wthin the a t enna. cas ng
DBLREEHOTHE & e oachtabt ECERarbRBer St SheT ol | 8

omeeanebbamahnn@heMadngltuﬂmnabe@anaﬂunqw(Néﬂﬂuaachleves

agggﬂ?%18a§hﬂ§iQﬁﬂgﬁtogthesqﬁkJ t%§n§$§8£$ e%%n%he in

i nventi on I's achieved ures
cBEfm B Whe Dhéér\ﬁ@p@r m@map%mcm@mﬁgtt@epﬁeves only

| B¥eRli o hass 3brdhe advaphagenthat ther efkén@n e¥Pt e he

space after every alternate transducer in the
tFﬁﬁ%HBEéPQCW§#A ‘as a result of the conbination of in
each case two electronic assenblies, which are
a§ﬁocﬁ%¥%%é¥éﬁ‘ls based on the object of designing the
physical configuration of an underwater antenna such
that the space required within the antenna casing
between the electroacoustic transducers which follow
one another in the longitudinal direction of the

antenna casing can be kept small.

According to the invention, the object is achieved by

the features in claim 1.

The underwater antenna according to the invention has
the advantage that there is an empty space after every
alternate transducer in the transducer chain as a
result of the combination o©¢f in each <case two
electronic assemblies, which are associated with
adjacent transducers, to form an electronic module,
which empty space increases the flexibility of the
underwater antenna, for example when it is being wound
up, and can be used for strain relief for electrical

lines and cables, for example by crossing them over.
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adj acent transducers, to forman electronic nodule, 35
whi ch enpty space increases the flexibility of the
underwat er antenna, for exanple when it is bei ng wound

Uﬁo 385899325 gyused for stra|4n relief f dd??ﬂoa\%z

| r'nes and cables, for exanple by crossi ng them ov
2008/ 052647 - 4 - PCT/ EP2007/008882 The di st ance
between the two transducers of a transducer pair
aSbeci atietamdeh t hetekent r ditiec nbeal e treasdeeauts | 1 z€d a

cQ gahsas Yot %al%ccggyggf\g{@@ %t&lhechee' g¢ Ee%ﬁlgo%d%le

can be nmi‘ni'm zed by an ropriaté
c@ﬁﬂl gef atited igfed h@O@Pé@t?bm c OJ?méGIC@mAdéépQﬂan)n the

waieBteaRibe Mol Zed hef weehnt Ng,e 17 AAREHEEES | Moy Ur By
results in _the advantage that the operatl ng frequency

( BPRASRF £&F6n fjleéd@é‘ncfoélﬁéﬂblFatEQBepﬂ on e qFeRGHr B¥Lc

t hedunder nakepaaatepna whaahbeah0 tehinfithaehitzewands wiicgheihe
fregue C|es and rectlon?JFg char cterlstlcs can. b
n

proviasacror unarﬁuﬁuoug B Y ) o g%c&&?f‘%or‘?he

f poArpOShgone TeEUenadi 1 eétr@msrﬁmsmr afragukneguersrid’sr

t I v rati S h
b A o e ar

a?élgﬁﬁﬁor tedasfs theghar enhite @ERP ¢e Bnd %Ih%l diregtignal

suehArbhatriBeycscaneoh npee apirakliMeqon the t nanduous
gbl es not ,only, saves the cost-increasin

GRESTFEREBET el hdlTdersSCSRT T ar r%”f‘hegﬁﬁge Q8&d fin
t Hérecamsducéps, bpkeratynz0 tfheigueakdencetcal s@ldr eattesre

I f
caeR R " e A e TP L 00 P b e R e
cséﬁﬁ@r@éﬂﬁgmdwlfe@weds mekéédgéntwf@rmbdamnsgppbrtthé on

upder waledn @t %@@%%5 REGORGNG t o 'n\é%'&th' OPhat they
toget her wi t h adyantageous devel opnen s and

r EFPRBe MY f 2¥hBL L Hve M ohhar 7285400 i/P195 t Rt only

f eat’ber thai nBosActatdeaging, Ol’lﬁ)lﬁdﬂ/-aiﬁaﬁlgﬁﬁ&hfc‘ent holders
ment of _the .30 inv nt t he, el ec%roni C nﬁ Lél e}
i f§Cvi &Y

i T L s SR S EL IR

citheunf etbsydtrical, also creates space in the longitudinal
direction of the antenna casing. At the same time, this

results in the antenna casing being stiffened.

Expedient embodiments of the underwater antenna
according to the invention together with advantageous
developments and refinements of the invention are

specified in the further claims.

According to one advantageous embodiment of the
invention, the electronic modules are advantageously
supported on the antenna casing via circumferential
strips, preferably via two strips which are arranged
circumferentially with an axial separation and are
composed of plastic. These plastic strips result in
acoustic decoupling between the antenna casing and the
electronic modules, in particular the transducers held
on them. If the plastic strips are manufactured from

open-pore PU foam, then the electronic modules - 1like
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strips, preferably via two strips which are arranged
circunferentially with an axial separation and are
conposed of plastic. These plastic strips result in 35

a eg?bbg(gg%ggl i ng betvveerl_ %he ant ennaﬁ? ucﬁﬁgté%BZ

e ron ules, in particular the tran

on them If the plastic strips are manufactured from
open-pore PU foam then the electronic nodules - |ike
WEn20081Ha26461dihgs RIFLEPROOY/ 00888211 he- kmewn at the

Lngs. desgrib initially - n at.the ., s time
%éget ?ﬁﬁpﬁf%e?ﬁ%ie&ui Ofl%%//\rlnpfn e &éﬁflér?naggg"svi nlgn bC%e
wahEhning nesimbl ywbliebed sanorheléyd cdrged stf ithiee@nsi tamd

a; ki quith) and thyus t%f?@%@m@ i nfeqference signalsfce
the transducers. Accordin 0 one advant ageous
ehBbABFHBRENGE EhEMalAvEht FBA, tBaRAIEFREEr Oni ¢ nodul e

has at least two printed circuits which are fitted

Lth el ic 10 ts, I .t |
WAEHoFHERHCL b ORE. mBRUIG e  Cand ARG BV 11 bEod he

wiitilreonéont r ansdioic ezl @rt orbicar choswlfeackawhi eh podadts two
0 . IS, : manu ri desd. f el ect i C .

ngégﬁggaal Icg\hﬂlgﬁalq%er &ﬁgtﬁglrt rg%)?i al%lp%fgil cta‘{{letlhengetlher%y&%lc
t RERBPBPBLSS tdee padsiopiald t yratseeneey shaith dresapee to

behweemddifle t ransgucersqi N a@ederedd progucssa with one
uency underwater antenna. The printed circuit

hi gh-fre

pagapaﬁP RT Sthi Bh PRI sPYREACEsI Y Sur PA¢BE Arodittards -
detiiee mbheakliaetagyngw tibsihe ebecttioni e xompaitend S module
resting 20 _directly on t.he popul.ated . printed cjrcuits
WBLARS, 8 VYRR drevar SRy \wrth JARERSE (it i e rore
| hegi tRad siddilidx sobdf a heeundehwatterdasitanea, brbtveenl ythe

' ssi:b| e rther t he axialy.

o EERSthopRAPO Ul ¢ oA’ BOr BFOUSEe B It Al Shlncy
elBEEFYAFET252RbAUNG - beTRY sRFFREF@ntFircuit population,

PLESEHN e- feSi sHaBt ghel UsesOhg t heumindes ved eit &t entdrice
a% a gr ﬁat er \Nat.%ﬁ‘l d% t h. Se'lsi%%ael ectrical connections e
bEPRBERTPHE el EtFonitEe a 508g Son GHE PP Sat ef St
pdiimtedlygi raqui tlseapepulated printed circuits, which are
aligned transversely with respect to the longitudinal
axis of the underwater antenna, not only makes it
possible to further reduce the axial 1length of the
electronic module but also results in the electronic
module being sufficiently pressure-resistant for use of

the underwater antenna at a greater water depth.

The electrical connections between the electronic
assemblies on the populated printed circuits are
designed to be flexible for space-saving installation
in the module housing. A so-called rigid-flexi printed
circuit 1is advantageously used, which comprises at
least two rigid printed circuits for population and a
mechanically firmly connected flexible conductor-track
connection in the form of a non-detachable flexible

cable.
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30 designed to be flexible for space-saving
installation in the nodul e housing. A so-called
rigid-flexi printed circuit is advantageously used,

}.C j at least t rigid pr| ﬁd
?@? %8g§?§$?§§§and a nmechanically firm &ﬁ%%g?ﬂ;ﬁﬁsssz
fl exi bl e conductor-track 35 connection in the formof a
non-det achabl e fl exi ble cable. W 2008/ 052647 - 6 -

PEELEPADAE/ 003882ondc caritiang abe core &Qﬁﬁﬁh@@ﬁﬁﬂs of the

b d t of nvention, the po ated
g%?%ﬁl %gﬁave £g?oov%o?? %F%%tod?§p1%ﬁ$ ang@@ve
dostpivbul éde ovetonh&,0|wmumﬁer£m$ee%uradgedxnﬁaaﬁrﬂﬂuted
PegLd, A SLtBEntLAClLON EARLES BRd. eLACLIULaboLLRES £or

es to pass through popul ated printe
th@uittré‘Cérl@nhéla@l@ﬁ arfe ebretyicyk obiess whflclradrles to
agsbatsl »tkﬁ%Qﬂ%ﬁt efhe f bamgagean@ﬂ%&ed PO €are held
whi C

Si i s conposed of housi ng, hal ves and is
g 'g? oﬁ@ggnd”1TﬁF?OfﬁsdeSW@hC%oﬁ?“@u?%%?%%y0§QHﬂ¥ated
etfeomr onec anbdikes nesul tmibdulllaz dosisaingt amicrhiich dnposed

hnner wal_| t he antenna casi ng and .
?ggggﬁ%osegﬂsﬁggr |%ﬁFC§BFeslsaﬁgeg1é%?réﬁﬁc ﬁ%%ulggls
mﬁﬁﬁlgnaﬁg@dd@mipammg dfn Wi chlecasenibemondileisduadsults
eHﬁC%r%WéiéHHH“Eﬁhﬂ%ﬂrh§r§ﬂi§%9§% a 15n Pai, Slﬁﬁgﬁb%all of

inserted into the skel eton or w thdrawn
skBPefOT M3 TR ARFCRSI SAaRREfthgebusrperion cables

aSﬁaﬁ’@ﬂy&c&&@nﬁ%p@ldc}Lﬂfest hei trowedaRgdaye ANHENAE, \Mgt limmch
hav ng 0 e the remal nin el ectroni c nodul es

oREERY b AR S o T Qo daB L R RS s
updérwatam anéenms.e niteicc hiniso stihpectkdletteensbon,widdidhwn

b h f.the tr
A A
28SEAVRAYI A trﬁ@atlﬁfaﬁid@él@r §0@frede@e:hraﬁ/r andguear, p@trhout

| Ravihng @dﬂaféﬁﬁééﬂﬂﬁgnﬁﬁelk@mQEnEH? @Q@%E%oﬁﬁbsméaﬂies
directional characteristic which is for fromthe

t PAnddifcePRER §Ral SEhRE R hoFPEBH?é@P?enartﬁ’”d\ﬁtﬁé’]ﬁn ahgltde

underwater antenna, which is subject to tension, could

be restricted by the arrangement of the traction

cables.

According to one advantageous embodiment of the
invention, the transducers of each transducer pair in
the electronic modules lie on the module axis. The
directional characteristic which 1s formed from the
transducer signals has a horizontally narrow beam angle
all round. Target positions which are located using an
underwater antenna such as this are, however, ambiguous
since it 1is not possible to distinguish whether the
target that has been located is to starboard or port of

the longitudinal axis of the antenna casing.

According to one alternative embodiment of the
invention, all the transducers are arranged with
respect to the module axes with a radial separation on

the populated printed circuit. The transducers which
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all round. Target positions which are |ocated using an
30 underwater antenna such as this are, however,
anbi guous since it is not possible to distinguish

2?2?2868g5g26h9rget t hat has7been Iocat%%sj% éﬁqﬂ!ooaaaz

oard or port of the longitudinal axi
antenna casing. 35 According to one alternative
enbodi mrent of the invention, all the transducers are
afpahgedowkt Anotespedin &meth@n@ﬁd@b&n@&eﬁjMédtﬂbd%ﬁﬂiﬂhe

SSRRL e i OB B A AU o ancener
PGNﬁEPQOOE/@@Sggmfeﬁ@m¢@wloﬁegéﬁowhenhlnSthé any desired

Igaeh&e%@al A ect kon Qfrithe @E@&% %ﬁﬂyarelf the

fSet wwth respect to one anot her
cFrenrfleFrant |Sd19“§|49? R BAY| §r8f3@§ﬁ)¢dde"‘§r r@dmanner such

magnichede dasd ri ®edefinnedt &MOQBa$M@C@ﬂ|YtHéhtﬂHi§5results
transducer SI%%§|S are nom1§roces%avv|n a manner such

aslt hat " des&F5EY 5T TDE 224481549 "GV Fhent hi S Feu e L
i phtthecuadéswatervlaitienpaihagi ngp aocdilyectnonalide of the

CQ@QgBtSEkQE'Qn%@hBQ points to only one side of the
t owe

array antenna. 10 According to one advant ageous
enbodi nent of the invention, each el ectroacoustic

t napsdUERE Campri 888 téyv%@ltta@e%%@uceém@é&me WbESh dhe
omidirectfional _directional characteristic, which are

arPERGEICHR t RECHS SLABTFRUTARS St A $VHRT heS IS S
axhseand tafafrgeiucetmr oelpdmdries sanetki r ewnt efnenitd iate AIG R 1

Wit h_respec anot.her externaII in the du
hgﬁgFﬁg}B g@ EF%%% J%%H:e eneniLc 6¥Ef%¥%%T Wg ak the
hgdmephmtsial Ddpehdhng dmxrmeth@smadmaeeomsi®raedtaﬁﬁﬁmt

Ofthgfgg go I?ﬂédrsoaqwn@§r¥\&hf@rer{@fafxéﬂ‘§ig W%yl Qfeesgect to

detected % means an orientatio ensor,
sPHRal 3RPFBAT I rexeErr Ehge it tHE tﬁ@dﬁh?eeh@m%h@%ucéHCh

ekempetiscare e0shkned, abterppassiag§hr ough st Se.
[ nts to formthe output si nal of the

;?ggégg éac%bﬁt O r aNSFRNEAI SR e h G eonddre

t bydrophones which, for example, may be detected by
means of an orientation sensor, output signals from in
each case two of the three transducer elements are
combined, after passing through suitable time-delay
elements, to form the output signal of the
electroacoustic transducer, which signal corresponds to
the transducer having a cardioid-shaped natural
directional characteristic. These output signals from
all the electroacoustic transducers are used to form
directional characteristics whose main reception
directions each point to one side of the towed-array
antenna and thus produce unambiguous bearing results.
The signaling combination of the output signals from
the three transducer elements of an electroacoustic
transducer is described, for example, in Figure 9 of DE
31 51 028 Al.
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t he transducer having a cardi oi d-shaped natura
di rectional characteristic. These output signals from
all the el ectroacoustic transducers are used to form
di;ne racteristics whose main

W?egPpgzggéggﬁ point to one S|de of théﬁﬁ? -arra 08882
antenna and thus produce unanbi guous beari ng results
The signaling conmbi nati on of the output signals from
t fibet imeenttiams duckelr eéenestsibkdanrelmeote odebasii dn the

esghib X
S N R T bl ol LSk R
Tﬁélphvéﬁﬁléﬁ1W§FFaBéddé§cﬁhbe@rﬁﬂlﬁﬁrelﬁewhichtn t he
following text with reference to exenpl ary enbodi nents,
whi. ch arﬁ |IIustr ted in the drawing, in which: 5
Ff §8PE211shows aSEPHE vPewSdfa Vdwld- &fr ayp drtwthgrray
towed by a surfaeeteassetoweli gure 2ushavs acside, vi ew
of a deployed vertical antenna, 10 Figure 3 shows a
detail of a |ongitudinal section of an acoustic
s€tpiioa 8f an acebstisca pade iviewheft ewetbrdraved ardmemine 1
shown in Figuresly.@h,in the vertical antenna 15
shown in Figure 2, Figufe 4 shows an enl arged

illustration of the_ detail I'Vin Figure 3, with

| gagutednal | y- seebivaned cekaglr 9H ¢ 1206, e%1 HaWien
5 shows a pl an VI%M/Of popul at ed grlnte ircuits,

pl aced on the pl & %&ﬁer SoFL A é1 cERorfc@ustic

nodul e in Flgurepa25 4n Eh@ut@w@d&hawayaawﬂﬁmmawﬁHumn in

direction of thep %8“’%“ #%‘Fh%ur%hé o@e£glc£fp ﬁgenna

printed circuits % ed Th t
shown in Figure 2,

Figure 4 shows an enlarged illustration of the
detail Iv in Figure 3, “with
longitudinally-sectioned electronic
modules,

Figure 5 shows a plan view of populated printed

circuits, placed on the plane of the
paper, of an electronic module in Figure
4,

Figure 6 shows a view in the direction of the
arrow VI in Figure 5 of the populated
printed circuits fitted in the

installation position, and

Figure 7 shows an identical illustration to that
in Figure 5, according to a further

exemplary embodiment.

The underwater antenna, which in Figure 1 is integrated
in a towed-array antenna 10 and in Figure 2 is

integrated 1in a vertical antenna 11, in each case
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30 installation position, and Figure 7 shows an
identical illustration to that in Figure 5, according
to a further exenplary enbodi nent. 35 The underwat er

?fg@:gpgr ng%t[hl n Figure 1 |s9 i nt egr at eq_D ,It | nt eogor7e{t 008882

ay antenna 10 and in Figure 2 |s
in a vertical antenna 11, in each case WO 2008/ 052647 -
9 - PCT/ EP2007/008882 represents an el ongated acoustic
paeprégentﬂ e ¢nosmyatodd aatbextbtephithe,10f thethe form

S N I e L,

ransducers’ bo e
t lﬁétéeduswchpaeﬁeqzrns i acohet 5 f ormmodeceseei Vimg both

a@k@ﬂg@aw B RA R Of &ﬂg §eaagtw%§§tvmlzchl§r _em the

pr.opag ate in the mater acousti c art
c60EBe Ofa 15 FaRE LG Rt eRHhsAPESEBRED #O§09ﬁd thﬂqe%ound

awau&tsl ehaaH d2Zei prepapased ah andlwsabity T8k acoustic
acou g secti on 121, whi cag 10 det achabl
d S@oﬁ%

cBAn ct I’E‘aoy'ong afSuEe vi |H§§ 130T |raEiGiien
obft heotinded- ’ﬂheayaaotenma IParwhith iiss |ctd>mpnsren edbf a

2{5 gﬁ&%%g' lyobn Hoys “e%%f}i%%“ Ciopart 1‘%@0%' o @

a danpi ng nodul t0 a tow hg
9e%ﬁpbﬁbnl§ fspsaéécﬁtadu ts end pepbherfrbom @h@pl@lamu hé
module 14 to a drum 17 which can be driven and is

| ocated on board a watercraft 16. A further danpin
no8ul %80?§eat?%cﬁgg t'PUGE otifer  enbeBRat Hé)'aCBDéFFc is
pattlut2raapd asthehagibsake 1% atEthuGﬂé I Ls efiflet hadoustic

201 e fromth coustic part. 12,

aﬁ?eﬁggtzlﬁs Cl%c??/jearll ntfo FPRE Nt (Ie“rOdé'ﬁ& q\%edc&c?va%é”dmg
bgabkéansl of Whh@hdrwn FlxeTheawatidscrafid I®mveye béram the
S%ﬁ@gg V%a%lleorlz;awngeawgae 7VER$ED: c %Hf %X%mv%f and

subnar i ne case e vertical antenna 1
whSchocated |ansthea®d achakarrealtylfn B guraher tdraping

agedstieC 18 is attached to the other end of the acoustic
part 12, and a towing brake 19 acts on its end that is
remote from the acoustic part 12. The towed-array
antenna 10 is deployed into the water and is recovered
by means of the drum 17. The watercraft 16 may be a
surface vessel or an underwater vessel, for example a

submarine.

In the case of the vertical antenna 11, which 1is
illustrated schematically in Figure 2, the acoustic
sections 121, which are fitted to one another via
couplings 13, of the acoustic part 12 are once again
attached at the ends to respective damping modules 14
and 18. The damping module 14 is connected to a buoyant
body 20, and the damping module 18 is connected to a
stabilization element 21, with stabilization fins 22
and a ballast weight 23. The acoustic part 12 is
connected via an electrical cable 24 or an optical
waveguide to a control center, which is integrated in
the anchoring watercraft 16, or by radio to an

evaluation unit.
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sections 121, which are fitted to one another via
couplings 13, of the acoustic part 12 are once again 30
attached at the ends to respective danpi ng nodul es 14

08,2805 0RaBRTE Qaping rodth & 1015 comAdeREReLl SgERe2

stablllzatlon el ement 21, with stabilization fins 22
and a ballast weight 23. The acoustic part 12 is 35
connected via an electrical cable 24 or an optica

‘“ﬁ ygQuL de ts%o%qscoi‘t&@c gf”t Wha{ccohus' S, d i eg{at gdibn
t anchori wat er cra 18, ra O t
evlaeuaaq:wsmﬁ:t .pan 23638/ 0@2@&1511120 in the form of a

PEEA&E@QQZAggsgégtlEhgU&QJS1§ﬂpm§C&h§%%é“£eeél§HS 121 of

acousti c section of the acoustic part

palei AFFHE hé’%rotr misf &rel o‘ﬁ%ﬂ%‘ﬁall%l}%lw | The
tQ@oﬁQ@ﬂét cecseehi ars hdk ofn Sadtenacoussifg pant the Foem

desi ne dentlcal The section 121 h a
R L Pas a1 f02es RS PHRE S1856HIE" e B8, Aor
séxampleesxmtmnmaflﬁﬁlpbéyhmbehaﬁe fudrth exaspkeed carbon

d  of t
CETRISECoO KBTI QLIRIS I DILIBRERSUAERE A0, TS ins
t @actﬁr@?tclam esapges272 %md 28| eTn¢ osilecirsdulies IB@dulc\m clk8

a@ﬁl@rﬂt ached i drhey tfé‘lCEhen tq%kelt%nZQaab%ssug@ tzhatsuch
cannot nove axially drawn into the fleXib

tEBétzsthwe EF‘EBPFonF“EVﬁDdéP‘éélég aré i AreHe fl@rtm ofthe
rrﬁldem1g$ef aubst alsi.| iTHa g 1de Shrape rmfdaines 1:58f kexi bhe the

be 25 nd ar used ac date th nsducer

|6ﬁré3§) dféF%CtFOHIC %&gngﬁfﬁgg ng s? HaF 5 e
pfbeesbitﬁg bﬁbeheZél eghdi cate outgrd dignalscdmmrdatiche the
tE§Q§9H88é§s2§9 gnlré 91‘3‘5%ndeéqtéc&%%ﬂ%@u%%rse%@)ljﬁé%s for

Ak 25S0elaf od el ectPonc Aseeib essential I'y
c%h@%@%spéﬁéﬁﬁﬁPBﬁanaﬁﬁﬁlﬁﬂ@ﬂ§rlﬁﬁﬂt@F§Pué signals from

sanpl eramddldd i pgUi trnangh #% DcggByerdL1S efansducer 29
hg eItaAé/SDconveﬁ’éers Teg Ilflega dlgltl%
0 Eut §Pgnal® SR T5H er f 8F BREE P EhovedSPR i
pesdanédahlythen@a&pato@éraaabneﬂeampdmf¢easseﬁhm¢ﬁrs, a
sample-and-hold circuit and A/D converters or
sigma-delta A/D converters. The amplified and digitized
output signal, with interference removed from it, 1is
produced at the output of each electronic assembly,
also referred to as a channel. The channels are
connected to electrical 1lines 31 which are passed
through the towed-array antenna 10 or the vertical
antenna 11 to an electronic control center, which is
arranged in the watercraft, or to a radio transmission
path. The flexible tube 25 is closed at the couplings
13 and is filled with an electrically insulating
substance, for example gel or oil. Each transducer 29

is provided by a single hydrophone.

Figure 4 shows one of the electronic modules 28, in the
form of a longitudinal section and in detail. Each
electronic module 28 has a module housing 32 which

comprises two housing halves and has a circular cross
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25 also referred to as a channel. The channels are
connected to electrical lines 31 which are passed
t hrough the towed-array antenna 10 or the vertica

6e§8@8}&5§€ﬁ9n el ectronic qpntrol Cenﬁﬁﬁfﬁﬁgbﬁﬁgg%g§82

arranged | e watercraft, of to a radio rans

30 path. The flexible tube 25 is closed at the

couplings 13 and is filled with an electrically

i asot adn ng wisildist asceopdor aexatpe e ggrl. orhei ltwdathbusing

t cer_29 rqovi ded by a .si.ngl e _h ophone
Fﬁgfégg %o for%%803>thg Va1 &6 H&ﬁf%uﬁgﬁﬁﬁgg "8I ﬁﬁﬁ&és
fé?ibn of3232 I owgosadlsrhmllseedg@m arsgti nometoaid . alE@t:Iher and

e}, eghinoni %@D%ﬁ@&f@ Vmgagylee %%%gg 2 WL EN oqute

conpri ses two housin es and as a | rcu1 all Cross
WP 99D8Y 05954 7 S- ﬂppom;ﬁrﬂEmet@'@ssséasEé@t i HrEinshi 8B

Iﬁh@@l@n atint herendd Theet WwaocRausi Nngoulahyes 3ar e depiRd eq
circul ar hou5|n shells 321, 322wﬁmgose

se
s%§?$?%% FosPPEn Yhe-Bbt héP aht® pribtfifce of the
cﬁlemﬂbleatubedabe Rowus i tig182en shiees noldell et&bhdiusyngf32ts

i §h§;:%1§porltk%j g)IlI%Stth% pg@?& %f' %Sf:essins@@c§P J;’cho two

arou t he no ou5|ng separated axia
ORARNAADY h&IT,OGIE R he3i nrvérlqhal argf apti@ 11 eszelbaeat@@e from

28neapdothes, e@%“ﬁ%é'B%éﬁﬁ“ﬂééﬁaioéf'Eﬁe %B@Q@e HWesing
p% stic Str%ﬁ%}ss are inserted into 10, annul ar

o t’chr%ﬁjéa]ea;(ifapﬁyo%pérhﬁt é&ocﬁ%% hgHaing 32,
aagt heresiubtt be autieh packehuobrt bapmedilae nRowsithgen32he

and 0] ect rad|aII beyond the duI hou 3 a
oaf! of CWRT o art jap e %?§%%n%¥he The

a resu I'ch an~annufl ar

npdasbichowsimigs32 Ahd the flocexipolsedt ubef 250pFhepdbe or
PLASHLE 8L P§ 334K € LyPased of opafshote of

oggn CE?I PU oan1andaact gg danp H%nts ?ments for

aé@%ﬁréCdéﬂ@cﬁwﬁm@%eb%@ﬁe@héhﬁ exiprEbtgbduls afe and

thgenmggﬁgehggﬁgmggsgg 20 Two transducers 29 are
accommodated in the nodule housing 32 and are held,
separated, on nutually averted nodule faces of the
elfect ronagsdodale 289 Eacd accommodated in the module

housing 32 and are held, separated, on mutually averted
module faces of the electronic module 28. Each
transducer 29 has an associated electronic assembly
which produces the output signal of the transducer 29
or the channel for the transducer 29, such that the
electronic module 28 is formed with two channels. Each
electronic assembly comprises one or more populated
printed circuits 35. The populated printed circuits 35
are arranged axially separated from one another and
aligned laterally with respect to the module axis - and
thus with respect to the axis of the acoustic section
121 - and are fixed in the module housing 32. For this
purpose, the populated printed circuits 35 engage at
the edge in annular grooves 36, which are introduced,
axially separated from one another, into the inner wall
of the two housing shells 321, 322 and are
circumferential through 360° in the module housing 32.

The two populated printed circuits 35 which are located
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transducer 29 has an associ ated el ectroni c assenbly
whi ch produces the output signal of the transducer 29
25 or the channel for the transducer 29, such that the

PECe) BRI TR v compr <08 ohe or  moF LABRERA4G0082

printed circuits 35. The popul ated printed circuits 35
are arranged axially separated from one another and 30

abhgnet | atesabiby M t bhe esfleeit rod i ems@EL: € 28Xi Sre  @REh

th spect to he aX|s of the acoustic section
1g¥§teand éﬁeg |xe% E %ﬁ?% %o%glng 32. For this
pur pose, the populated prlnted circuits 35 engage at

gfﬁ %ggedé%d?yyédangﬁgﬁﬁﬁé%e a(%?h 1?re 'Pgﬁggug%dfour

5 axially separated f intot
\A)aPlPul%ﬁe%jheP%Mtﬁ%us‘Fh@C%h@I335321ar%220réhfdd@fde in the

ChbeuNé enenkialy t3wrough 360 tRHet E@eaegahﬁchaggbﬁgﬁ%s is
The two are | qcat ed

popul ated printed circuits. 3
V526687083877 PECT3 e BpEl) EMBOGPPIGIRES DonTine ureides
i B51 hanel echesai ampdud 2B taed edch dhd t edamsdbcone 29

o%ﬁL%ﬁﬁeéangguc%bé Z%PtFQ tgggggsc%ﬁgggdegﬁﬁﬁlgr pulated
chrénbed 3slarelpsovddedria tiweharddidld showsinmgle3achand y

0&1&8@1:%%&90%&@@@@@@' i8S hgankn sécm&m&p\/'t%%ks

by two populated printed circuits 35, and these are
a¥8och ate® wiPhegRBCEfarstuders 2G40 1 r akgR- of e 1dual

odbepohentd fagges. thlhEh pepkl akedahBelrishedrd r @dﬂptuia%%d
ganlcall % det ach ny eLgctchaII Enected
DYEHRARY Of EOTetor { PACRES W SH EPELT npagPAbRaSt n 2
f iedibbeedt rigchdmadivdadulat conpofientse 384 .wWhiThese e are
aLtaRged-AouhBeapordhated  pridt £l fC&i]ggc@tycath "he

el ectronic assenblies are 15 i ndi cated ma
FPylreed. Theselhpe Jhef aBEDRBUNt 4 dEOPPEestaAd rpé?s‘ltnted

dti@@ﬁiysoma hen prhdt edeekheHits. mddeoumer witn their

d prin circuiits 35 in the electronic nodul e
gg? a?ﬁ trﬁﬁq&uéﬁQSuqﬁqé*boﬁﬂﬁ%?SFl??%ck“@dhné& i grrirse,

magryof course,

Figure 5 shows a plan view of a populated rigid-flexi
printed circuit comprising four populated printed
circuits 35 with connections by means of flexible
conductor—-track strips 39, before being fitted into the
module housing 32. Of the four printed circuits 35,
which are populated on both sides, those surfaces which
face away from one another in the fitted position
(Figures 4 and 6) of the two printed-circuit pairs can
in each case be seen. The two transducers 29 are
arranged on the two outer populated printed circuits
35. Each transducer 29 is in the form of a single
hydrophone which is placed centrally on the respective
populated printed circuit 35, in such a way that all
the hydrophones 1lie on the longitudinal axis of the
flexible tube 28. The printed circuits 35, which are
fitted with components 38 on both sides, form the

electronic assemblies. As can be seen in Figure 5, the
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20 vary. Figure 5 shows a plan view of a popul at ed
rigid-flexi printed circuit conprising four popul ated
printed circuits 35 with connections by means of

flexi ductor-track rips 39, he '
fh?tggbgéﬁgzgﬁ modul e hoDsf%g"SZ. of §§2§%§5§i%§&%§§2
circuits 35, which are popul ated on both sides, those
surfaces which face away from one another in the

f bbpedapesi tpoint & gtiLsuhands6) aek t@@mﬁé\@ted to one

d-circuit pair an 30 i.n_.each S e seen. The
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central e respective I nted crrcul
390uﬁhn§ucﬁ2a waet haeral #tad tmzalrrw omﬂmﬂs e ¥n are

tBQsh@Hglt@Qk@@Eng|Sa%ﬁlhﬁ% flgxi bl enl4be28. ;He  the
rinted C|rCU|t§ 5 which are fitted with conmponents
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P 08 o ul ate i nt.ed circui .
cggégggggg%g oﬁg cgﬁo ar By heanitorc eq?WéQQ IgJO 10
c@ﬂmpétesonra@thErabéusggatV%enlnhEl@@palated
printed-circuit chain that is created in this way is
being installed in the nodule 5 housing 32, the
pBpEiaréd I5M MedcerPetft 4035 Yre 45udhed laicesppirpted on

agaenstgese ianaherpandl dhed sengisd Oéltéaﬁkssti%sl Q§1 3hch
are bent mard as an be feen in Fiqgure 6, tQI%S

cﬁséﬁ”ﬁlgg? %Etﬁ‘%%sp%ﬁu Ardnged dwh?&ﬁcﬂhg
beewmer dbated fhwbughngﬁxlnthko modpaE|sm@u$bn@hex2 said

i : | t , :
LS 0 Ep eyt TR ) e
pFRAted @hﬁcu¢W§ 35uteugigch 40a mé9 tW@ﬂC@ﬁtQQEtiﬁiranged

papehatedcan i pt %&éé%t%n@ dRcohave heen fu'steaedfa)flt Qhe
the nodul e h uslng%%.’t sal cutouts are axi al

alFFgrEdCoRi 14¢ hér. tPn RIS CREREIN{ hoet g ect ronic
cubdulle 4B, 4dnahicbb arthed remgegks 42 are used to pass

electrical lines 31 through, for the connection of the

channels of the electronic modules 28.

During assembly of the acoustic section 121, the
skeleton is produced in such a way that each electronic
module 28 is hooked into the two traction cables 26,
27, and each channel of the electronic module 28 is
connected to the electrical lines 31. For this purpose,
the traction cables 26, 27 are inserted intoc the
cutouts 40, 41, and the electrical lines 31 are
inserted into the cutouts 42, in the populated printed
circuits 35 in the electronic module 28. The module
housing 32 is then closed by placing the two housing
shells 321, 322 one on top of the other, with the edges
of the populated printed circuits 35 engaging in an
interlocking manner in the grooves 36 in the housing
shells 321, 322. The module housing 32 then has the two

circumferential plastic strips 33 fitted to it, which
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di anetrically opposite one another are used for the
traction cables 26, 27 to pass through the electronic
20 nodul e 28, and the other cutouts 42 are used to pass

el ectri ings 31 through, for the connection of the
ch§nﬁébg?hP5FﬁZ el ect roni ¢ nbtiul es 28. } %ﬂﬂﬂﬁﬂﬂ%ﬁsz
of the acoustic section 121, the 25 skeleton S
produced in such a way that each electronic nodule 28
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e B o ik
2Bodréef | &&d, ThrchemRal tfeycearfifot bARbYecnaxiwe | ypdidcent

tBﬁeﬁﬁgbh@chﬁéahm§s3%803st%%eﬁf%%&'%%rél%agkqge%6f0%7the
g gggc ?hi is n t illustrated i ny nore detail in

15gFar lsebar ZOUGH He @nl“tﬁ@eeﬁgEFﬂbﬁF@ce
WédukﬂBﬂQStmstphd&emﬂ&HChekhablbh&ramualrm&ﬁﬂﬂiaEBQnthey

bggrg’eel%ctar{ee 1 aI l sflaclzcI ']8/ té edrueC%‘h];y gigfzgggﬁ fdn'jouts

slicCessive el ectr n|c o d
eddal ino ﬂm@trpnﬁuﬁﬁ%#dfxﬁmw@n¢®n bereréenst hd5t wof the

té@@é@%ﬁ&é %%dmlecfzaar €3y %sgrékegxaﬂgﬁee %'h%cte%?dpclary
nodul e . The_enpty space 44 hetween two ad] acent
eP@EP%ﬁ?etmahlr%%tlz@t% uded FLEM ISt 1 4i nSIF‘%WFef FoF tHhd s
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successive electronic modules 28 run in cutouts 42,
which are diametrically opposite one another, in the

populated printed circuits 35.

Since the number of populated printed circuits 35 which
are used to provide the electronic modules 34, and the
axial separation between them and, otherwise, the size
of the module housing 32 can also be varied, the
separation between the two transducers 29 which are
associated with one electronic module 28 can be chosen
to correspond to a desired transmission or reception
frequency of the acoustic section 121, and can also be
sufficiently small that the reception frequency of the
acoustic section 121 can be shifted to the
higher-frequency range. The separation between two
electronic modules 28 must then in turn be chosen to
correspond to the separation between the two

transducers 29 which are integrated in one electronic
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15 41 such that, in the next el ectronic nodule 28, they
are |ocated in physically differently |ocated cutouts
42 in the populated printed circuits 35 of the

o0 BRI FSPRR IS aed I n Frghre 4 ShowE T PEtH 1 0gee2

S|tuat|on, that the lines 31 which can be seen in
successive electronic nodules 28 run in cutouts 42,
whoahlar 28di amesuchakl wagppasict alQnEhénﬂzﬁ:barsdulc@rtshQ9 in

I d r|nt iLrc s_35. 25 _Sinc the nunber
PEBH 2P8asBr et Erbedrie 218 RRPeR="5Re g org andther
pppvide shmeeheca&odlstandales 34, and the axial
separation between them and, otherw se, the size of

t he nodul e housing 32 can al so be varied, the

séparas on betwrien’t hemPagireahs Qdcdilte 28CAHPERCaEe g on
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subbecbénthy sm&mplhmqtemh@dﬁaeaptuamuhmeqme@cﬁnOEEQM&es

a§0§§&|gfsgﬁk|%Qelé%r%%%$% %hle%%lgg q%t%ncetfrom the

hi ghe equency ran sep aration betwee
eﬂ@@glbﬁﬁénﬁéd@lxé§ 283rirru§het rtew igutter npbputhbedn prdnted

cetrespend 39 BEe1§ﬁpaﬁﬁ8h99dg§i“%ﬁ%dﬂ%%nﬂ%’nmdules 28.
transducers 29 whi are |ntegrated in one electronic

VR SD0BGSZINFr 15 - IECTHEPEO0?! coEEB22 LABdAE el Py 2
sgthgaewayydiathaald. thelt ransduegnsdedeis AdhewacRust ithe

sectiopn.121 are sep ted fro anot.her
a%?%?sglgtaﬁ%gniglli52 ]é?tggh |vesg§%o&|ﬁ€%5%ofu?h8ne
agongsher s&btrpogh 121 cnh@umﬁamsdmaeﬂs 29gdee netith the

pb@fsgtoanpgg }:JeQL c%ﬁdfﬁ;@el}er?@(' ﬁﬁgﬁgg Eﬁénie %lte%uteﬂp:g of

, as In cas exe . .
i Fhasefaced ideimguhectizs amn 4a<:<bmth¢ eSaEFaRGed2at sach

ragl a&l’%ﬁé staqrm;lqu; rgmetame éﬂs&mi&gl %%It@;entshaorp&fw@ or
out er opul at e ri Clrcults 0 e
L R OB T o o e St as e hn R opg the

|Bean1hb|ScﬁhseaaISGrbetnedﬂbyaa signal ©processing for
transducer placing such as this along the flexible tube
25 is described, for example, in DE 44 45 549 C1.

The modified rigid-flexi printed circuit, which can be
seen in the form of a plan view in the initial fitting
state in Figure 7, of the electronic module 28 differs
from the rigid-flexi printed circuit illustrated in
Figure 5 only in that each electroacoustic transducer
45 which is arranged on the two outer populated printed
circuits 35 has three omnidirectional transducer
elements 451, 452 and 453, which are placed at the
corner points of an equilateral triangle on the printed
circuit level. Each electroacoustic transducer element
451, 452, 453 is formed by means of a hydrophone. The
components of the electronic assembly are arranged on
the separate printed circuits that are connected to one
another, and are each associated with one of the two

electroacoustic transducers 45, In addition, an
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si ngl e hydrophone. Al the transducers 29 within the
acoustic section 121 are offset with respect to one 15
anot her through a circunferential angle, with the

CHR 28BS RE T, ot i ¢, AT acoust c s SeL/aR2031/00BRS2

as this allows clear distinction between a port or
starboard position of the target when finding the 20
beai éngabion tanget. (hbe iugaatrat@ws&snglfs@r integrated

CCaraREs BLaie el iy ang the (e B R
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transducer elements pointing to one side, and in the
case of the other pair of two of the three transducer
elements pointing to the other side, of the connecting
line. A configuration such as this of the
electroacoustic transducer 45 on the two mutually
averted end faces of the electronic module 28 makes it
possible to distinguish unambiguously between port and
starboard bearings when determining the bearings of
targets. An exemplary embodiment for the signal
processing of the output signals from the transducer
element pairs 1s described in DE 31 51 028 Al (Figure
9).

In cne alternative embodiment of the acoustic section,
it would be possible to arrange the two transducers
separately on both faces of the electronic module,
rather than integrating them in the electronic module.

In this case as well, the advantage of design with



10 The respective pair of transducer elenents 451, 452,
453 is governed by the output signal fromthe
orientation sensor. Each el ectronic assenbly thus has
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line. A configuration such as this of the 25

el ectroacoustic transducer 45 on the two nutually
averted end faces of the electronic nodule 28 nakes it
possi bl e to distingui sh unanbi guously between port and
starboard bearings when determ ning the bearings of
targets. An exenplary enbodi nent for the signal 30
processing of the output signals fromthe transducer

el ement pairs is described in DE 31 51 028 Al (Figure
9). In one alternative enbodi nent of the acoustic
section, 35 it would be possible to arrange the two
transducers separately on both faces of the electronic
nodul e, rather than integrating themin the electronic
nodule. In this case as well, the advantage of design
with WD 2008/ 052647 - 17 - PCT/ EP2007/ 008882 short
separati ons between transducers and the high reception
and/ or transm ssion frequency of the underwater
antenna associated with this could then be achieved by
t he conbination of the channels of two 5 adjacent

el ectroacoustic transducers. W 2008/ 052647 - 18 -

PCT/ EP2007/ 008882
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ATLASELEKTRONI KGmb HBremen 5 PATENT
CLAIMS 1. An acoustic underwater antenna having
el ectroacoustic transducers (29), which are arranged in

NS ARFTORERE o o “assembriths, whi ch SE8/BE2BR74PTRee2

W th the transducers (29), for signal processing of

the electrical transducer signals, and having an

ant enna casing whi ch surrounds the transducers (29)

and the c n|c ssenblies haracterlzed I n that
two 15 el c& % g ibﬁlgs mﬁléh NateXas€o®BiBtBd with
adj acent transducers (29) mrendm each case conbined in
one el ectronic nodule (28) which is in the formof a
nmol di ng supported on the antenna casing and is fitted

on each of its two nut BAFEYTaGeRt¥d free nodul e faces

20 with one of the two adjacent transducers (29), and

in that the electronic nodules (28) are fixed, such
that Ahey caPESTHSve axiITHatHT t r acRPbANRADI es having
m@l@@tf@aco@atatlekahedhberﬁndgbe,athchpéeéeaabbmgea in

t t bl e . 27 i ed
o S T ERERy “58 oo b0 (HLr ESpaE: FEBR RESnadaIEeT
akagin@. eThetundécwateembht eanawhschbl aireedsispcékdien vith

c a Z80- th the l.ectt
|£§§t C%%t)ﬂg nétagd cqaztrcu t?(%ﬁ%%h@% Sl%te% hﬁs the
[
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wht Rt Poithts Gi €335 3Chgha F5&t ertfant Ehfa ad?o
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fro e pri Cifc ( to't rirnted circu
(25%. e\NOC2O08/105 264 ule 1928) P@TAERP200Y/ 008882 ZoriThef a

URGEaYRY el L AERRA ash CERE MBA ARG *Id8i9Prard is fitted
on each of its two mutually averted free module faces
with one of the two adjacent transducers (29), and in
that the electronic modules (28) are fixed, such that
they cannot move axially, on traction cables which run
parallel to the module axis, preferably on two traction
cables (20, 27) which are arranged diametrically

opposite with respect to the module axis.

2. The underwater antenna as c¢laimed in c¢laim 1,
characterized in that the electronic module (28) has at
least two printed circuits (35) which are fitted with
electronic components (38), are aligned transversely
with respect to the module axis, and are each fitted
with one of the two transducers (29) on a board surface

which points outwards.

3. The underwater antenna as claimed in claim 2,
characterized 1in that a flexible strip (39}, which
contains conductor tracks, leads from the printed

circuit (35) to the printed circuilt (25).
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characterized in that the conductor tracks (35) have
groove-|like cutouts (40, 41, 42), which are arranged 5
di stributed over the circunference at the edge, for the

tracti (26, 27) and electrical |
d@%sééﬁgﬁﬁgﬁégg. The unéeFW&f%f'antennapg??§?§§§é30b§882
one of clainse 10 2 to 4, characterized in that the

el ectronic nodule (28) has a nodul e housing (32) which
isin the formof a nolding, is conposed of two

h?usi halvgs and is ogen at onﬁ end,, and in.,that thg
pfi nt et i PRUFTEE%5) anhrRtfetd F aéﬂegnﬁnggékan or =y
nainaescatribed edge thatl5 theoovesd(36)r whiacksar £35) have
axi r fro e not , Lhsthe ul
kS PERET RSO L0 400 L L it 20 G rangec
cilashrShutetapaeretheedirgunfarenpe aht ERRacedsi nfonashe

ar AECULRT caBBeGl 088 SeLtj Olnat Ra RRiriad Cidtdd t$3{B5)0
are circular, and the housing halves of the nodul e

hB&ss ng¥3%¥are semicircular housing shells (321,

322). 7. The underwater antenna as clainmed in claimb5

05 6, %5 characterized in that e chmglegkronic %Dd E%ms
(38) "1 02 Upor tetbn-the At efins caBiiig ¥ 3151 St i
sritps €33)chavdctemrzed nder tEht nthet wol aeinubmic module
gr e 43) ich p t f ne.a h N
PR o e e e el | e Fbrhllor
cir OPHAE SNt | &F, EIPqFs) eef 30T a@@%ﬂ%bé@éﬁ@st hand 1is
ogben hLacenef drke npdul gn howst nghe(32int8d Ehecuits (35)
underg?t%$ antenna as, cl |nEd i n one of cIaiEE 1 éo 7,,
cRAFacterd zed i ATt hattEheCel ey r JHEBIEL i @F 350e edge 1n
t gaosdaser §3¢R29) whiscton atrlee EmdulléyaxsspaBatddie from one

u er.an n | Aj in of claine 1 to 7,
CRASLARLPT AR el Ao TP Ea T 3880t ¢ Vo
2008/ 052647 - 20 - PCT/ EP2007/008882 transducers (29)

age arfppgegh@lrfafafi alndisiance feominthe Mdumaxi s,
and are offset wth respect to one anqther through a
cFP@HﬁFE?éhF?gllanépéF &R PRteRge casing has a clrcular

cross section, the printed circuits (35) are circular,
and the housing halves of the module housing (32) are

semicircular housing shells (321, 322).

7. The underwater antenna as claimed in claim 5 or 6,
characterized in that each electronic module (28) 1is
supported on the antenna casing via plastic strips (33)
which are inserted into two annular grooves (43), which
are separated from one another in the module housing
(32) and are externally circumferential, and project
radially beyond the outer face of the module housing
(32) .

8. The underwater antenna as claimed in one of claims
1 to 7, characterized in that the electroacoustic

transducers (29) lie on the module axis.

9, The underwater antenna as claimed in one of claims

1 to 7, characterized 1in that the electroacoustic



10

15

20

25

30

el ectroni c nodul es (28) which foll ow one another in the
5 antenna casing are rotated with respect to one
anot her such that all the el ectroacoustic transducers

(7) 2868 pabbaged of fset thrgyah the cf peiftenghi/dosssz

respect to one anot her.
underwat er antenna as clained in one of claine 1 to 7,
characterized in that each el ectroacoustic transducer
(4bynbascéhs e¢20imbder eekongal htansduadenl dliemants from

( wh re arranged at .th r.adi al

d?g%ance ron1%ﬁs é%@l%‘%&lsfg%%goﬁPgé %gsﬁgrougC)tﬁge
sanetber ciifrovadt | al camguaiwirentiedpezntgt®, end in that
aQ@é@@fon%& mghglggd?ﬁg@tﬁﬁléﬂt?8@@0@Soﬁgahﬁgghbg QR€ the

cl ai ns 0, characterized in that he ant enna
cagFﬁ@n@scaSlze ﬂr@xﬂ%ﬂf@tﬁsﬂoéﬂl(tés)?ea@f?ctrh*éouﬁaér Raesher

a@h@nnahas @h@inﬁdai@1@é@i@@ddustﬁ@atﬂgﬁgdﬁ@@ﬂsinghabre

under r .antenna for coustic ,
e P HINCTE: St B e AR
caaspectomedona thethwater. 13. The underwat er antenna
as clained in one of clains 1 to 12, characterized in
that the underwater antenna forns at | east one

atbust Teeseptpsratep1pnéenaavest Féalmsd ant eAracf1plaims
Whi c¥o i 7 ar angedtaldigeed Vertigatl yeddh theoMdRicoustic
transducer (45) has three omnidirectional transducer
elements (451, 452, 453), which are arranged at the
same radial distance from the module axis and offset
through the same circumferential angle with respect to

one another.

11. The underwater antenna as claimed in one of claims
1 to 10, characterized in that the antenna casing is a
flexible tube (25).

12. The underwater antenna as claimed in c¢laim 11,
characterized in that the underwater antenna forms at
least one acoustic section (121) of a towed-array

antenna (10) which can be towed in the water.

13. The underwater antenna as claimed in one of claims
1 to 12, characterized in that the underwater antenna
forms at least one acoustic section (121) of a vertical
antenna (11) which is arranged aligned vertically in

the water.



