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ELEKTRONI K Grbh.  Brenen UNDERWATER ANTENNA COWVPRI SI NG
A TRANSDUCER ARRAY 5 COWPOSED OF A PLURALITY OF
ELECTROACOUSTI C TRANSDUCERS ""The invention relates to
an %Bd%%\p;o%rﬂg@tenna of the generic bypeexdebiepedssss
the precharacterizing clause of claiml1. 10 A known
conposite sound transducer array (US 5 950 291, Figure
2) has a conposite bo |ﬂ3¥;@ﬁ be edsgor el enments
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of tdleimokposite body, and are conposed of 25
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or sel"eéred groups, ceram c rods, thus

20 One known ultrasound transducer {DE 100 52 635 Al) has
a composite body- composed of plastic with a
multiplicity of ceramic elements, which are embedded in
the plastic, extend between the upper face and lower
face of the composite body, —and are composed of

25 piezoelectric or electrostrictive ceramic. The upper
face and lower face of the composite body are each
coated with an electrode} which .makes contact with the
ceramic elements at the ehd. The ceramic elements are
in the form of small v'plastic—vsheat,he_d ceramic rods

30 which are arranged in rows, like a matrix, such that
they abut directly against one another. The free space
which remains between ‘the sheathed small ceramic rods
is filled Dby -a ‘pl_astic, for example resin oY
polyurethane. The electrodes on the. outer surface of

35 the composite body make contact with all of the groups,
or selected groups, of small ceramic rods, thus
resulting in an electroacoustic ‘transducer or an

arrangement of electroacoustic transducers, a so-called



resulting in an electroacoustic-transducer: or an
arrangenent of el ectroacoustic transducers, a so-called
WO 2007/ 006396 2 PCT/ EP2006/ 005845 array. An array
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The invention is based on the ‘object of providing an
underwater antenna with a wide freguency bandwidth in a
manner which is . simple to . manufacture and has
25 transmission and/or reception directions which point in
different directions at the same time, with a high
degree of attenuation of the sidelobes in the

transmission and/or reception characteristics.

30 According to the invention, the object is achieved by

the features in claim 1.

The underwater anterna according to the invention has
the advantage that the formation of the electrodes,
35 which are in the form of strips, in the stated manner,
in the individual sectors ¢f the composite plate result

in acoustic power being emitted from the individual



in.acoustic power .being.-emtted fromthe individual WO
2007/ .00639. 6' 3 - PCT/ EP2006/ 005845 transducer

arrangenents in a very sinple manner; decreasing from
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small dimensions, so that it can be fitted without
problems even to physically small, autonomously acting

25 or remotely controlled underwater vehicles.

The reduction in the transmission power amplifiers
required to drive the transducers resulting from the
mechanical shading that is wused makes a particular
30 contribution. to cost saving, since these power
amplifiers represent -expensive components. While a
power amplifier must be available for "electronic
shading" for each: electroacoustic transducer, the
number of power amplifiers required for the antenna
35 according to the invention, as a result of the
formation of .groups of‘tfanSducers, corresponds only to
the number of transducers: within & group, which



~ 35 .according to the invention, as a result of the
formati on of groups of transducers, corresponds only to
t he nunber of transducers, within a group, which WO
2007/ 006396 - 4 - PCT/ EP2006/ 005945 transducers have
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20 tf, according to one advant ageous enbodi nent of the
i nventiaon.  four er ra me r ovd-gegdnxan
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of f sglacitehbQuab (3Q0 etk @3BERE. tO One another, then
an underwater antenna can be configured which has

T ansni ssion and recepti on directions, one of which
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corfiposite plate. :

20
If, according to one advantageous embodiment of the
invention, four transducer arrangements are provided on
the composite plate such that their longitudinal axes,
which extend transversely with respect to the width of
25 the stepped electrodes, are radially aligned and are
offset through 90° with respect to one another, then an
underwater antenna can be configured which has
transmission and reception directions, one of which
- points in the ahead direction, one astern, and in each
30 case one to port and starboard, when the underwater
antenna is arranged appropriately on a carrier, for
example a marine vessel. By way of example, this makes
it possible to produce an underwater antenna £for a
Doppler log, which operates on the Janus principle,

35 with low manufacturing and installation costs.



exanpl e a marine vessel. By way.of. exanple, this makes
it possible to produce an underwater antenna for a
Doppl er 1 og, which operates on the Janus principle, 35
wi th | ow manufacturing and installation costs. WO
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one advant ageous enbodi nent of the invention, two
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such that the longitudinal axes of the transducer

arrangements are aligned approximately parallel to ther
vehicle longitudinal axis, then the strip which is

25 ‘"ensonified” by the antenna on the seabed <can
additionally be made quite narrow by combination of the
signals received by the  transducer arrangements
transversely with respect to the ahead direction. The
main lobe direction of the directional characteristic

30 is inclined electrically with respect to the plane of
the plate through an inclination angle in the ahead
direction of the underwater vehicle, and can: be scanned
electronically about the wvertical axis. of the
underwater vehicle.

35



directi on of the underwater .vehicle, and can be scanned
el ectronically about the vertical axis of the
underwat er vehicle. 35 W 2007/ 0. 063967 -'6

PCT/ EP2006/ 005845 The invention will be described in.

nmor %odgg@;)nolsggghe foll owLng text Wt beegierogseeosoLs
exenpl ary enbodi nents which areillustrated in the
drawing, in Wich 5 Figure 3, shows a side view,
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vehieFe  FTTied™ WHh a8 underwater ante “Fi.gure
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di r getibenaef ithesardtou hih the Frgwiegl,in Ribgoghe 3 shows
a side view of the underwater antenna in the d| rection

of the arrow Il in F| ure 2, r
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Figure 6 shoys thhgnSaiRriktustdmalenan, as in Figure 2 of
an underwater antenna according to a further exenplary
enbodi nent, 25 Figure 7 shows the sane illustration as
in Fligure 2 ofhowanaumdePpwatey aht ERRaVBESTWRISH Pofeane
19i de | ooki ngrsenar di B3 thoguse tthes howswadenaFigine tthe
formof a schematic illustration of hard vviring for
the transducers in the underwater_ante

na .
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transni ssi on igengreatdirect & Fogurlee steansl HThdns dFgure
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15 v
Figure 4 shows a section along the 1line IV-IV in
Figure 2,

Figure 5  shows a section along the line V-V in Figure
20 2,

Figure 6 shows the same illustration as in Figure 2 of
an underwater antenna according to a further
exemplary embodiment,

25

Figure 7 shows the same illustration as in Figure 2 of

an underwater antenna designed for a side

looking sonar,

30 Figure 8 shows a detail in the form of a schematic
illustration of hard wiring for the
transducers in the underwater antenna as
shown 1in Figure 7, with power amplifiers,
phase shifters and a transmission generator,

35

Figure 9 shows the same illustration as in Figure 2 of
an underwater antenna which can be scanned
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. fions 1n Fi gures and 5 each show t he
design of the conposn te body 16. CoI um-1i-ke-ceram-c
2l enart sunddwarer pelnarhzad 1at whight nghesanaedt e otifer

sur fage: RS 35.QfF.the genpeskt evhasmakér feenexpapl 0 being
arralnl ustrated, in ‘the form of a schematic plan view, in
Figure 2. The underwater antenna 11 comprises an
e_lectroacous;ici-.xt‘ransducer arrangement 30, which has a
25 flat composite body 16 composed of composite material,
with «ceramic ‘elemen,ts embedded in a polymer and
composed: of piezo‘el,ectric or electrostrictive ceramic.
A plurality of ceramic elements are covered on each end
face by a common electrode in each case, in order to
30 form the individual electroacoustic transducers 13 in
the transducer arrangement 30. The section
illustrations in. Flgures 4 and 5 each show the design
of the compos:.te ‘body 16. Column-like ceramic elements
18 are polarized at right angles to the outer surfaces
35 of the composite body 16, for example being arranged
like a ma.tfix in ,rowé and columns, and being isolated
from one another by the polymer 17. An upper solid



~ldike a matrix in rows .and .col-ums,. and bei ng isol ated

from one another by the polyner 17. An upper solid W
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the gaps, which run in straight lines, between the
electrodes 22 on the lower outer surface ©of the
25 composite body 16 are annotated 24. Alternatively, it
is possible to incorporate the electrodes 21 ox 22,
which are in the form of strips, in only one of the two
. solid electrode surfaces 139 or 20, by etching in the
respective gaps 23 and 24. The strip width of the
30 electrodes 21, 22 which are in the form of strips 1is
chosen to be the same, while the strip length of the
electrodes 21, 22 .decreases <from the two central
electrodes 211 towards each of the outer ele‘ctro‘des
912.. In this case, the decrease in the strip length is
35 mirror-image symmetrical with respect to the strip
center, that is to say the longitudinal axis 25,
running in the strip width, of the transducer
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the composite body 16 'as descrlbed above for the

transducer arrangement 30 is  formed with the
transducers 13 in a sector of a plate 26 composed of
25 composite material, which has ‘the same structure as the
composite body 16. The composite plate 26 has the same
design as that illustrated in Figures 4 ‘and 5, and
likewise has solid electrode surfaces 19, 20 on its
outer surfaces, with these solid electrode surfaces 19,
30 20 making contact with the end faces of the ceramic
elements 18. In the exemplary embodiment in Figure 6,
the composite plate 26 has four such sectors with
transducer arrangements 30, as illustrated in Figure 2
and as described above. The four transducer
35 arrangements 30, to be more precise the longitudinal
axes 25 of the transducer arrangements 30 extending in

the radial direction .of the circular plates 26, are



.elements 18. In the exenplary enbodinment in Figure 6,
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t ot alirr@f four transducer arrangenents 30 are ali gned

parallel to the |longitudinal axis of the underwater
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one another of the longitudinal axes 25 of the total

of four transducer arrangements 30 are aligned parallel
to the longitudinal -axis of the underwater vehicle 10,
25 and two mutually aligned Jlongitudinal axes 25 are
aligned at right angles to this. This results in the
underwater antenna 11 having a total of four main lobes
12, one of which points ahead, one asterm, one to
‘starboard and one to port. By way of example, an
30 antenna configuration such as this makes it possible to
provide a Doppler log based on the "Janus principle.

It is, of course, possible to provide a different
number of transducer arrangements 30 in corresponding
35 sectors of the composite plate 26. The circumferential
angle through which the traﬁsduc_er arrangements 30 are
then offset with respect to one another depends on the



starboard-and one-to-port.. By way of exanple, an 30
antenna configuration such as this nmakes it possible to
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plate 26 is attached to the bottom or the lower surface
of the underwater vehicle 10 such that the longitudinal

25 axes 25 of the transducer arrangements 30 which are
aligned with one another are aligned transversely,
preferably at right angles, to the vehicle longitudinal
axis 29 of the underwater vehicle 10. Each transducer
arrangement 30 "ens.oni'fie,sbf“ a s_i:r,ip 15 to port and to

30 starboard on | the seabed 14, provided that the
transducers 13 &are driven with an ‘appropriate phase
shift, as is illustrated in the direction forward of
the underwater vehicle .10 in Figure 1. Because of the
mechanical "shading", described in detail above, of the

35 transducer arrangements 30, the directional
characteristic. of the underwater antemna 11 has no
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arrangenent 30 ensonifies' a strip 15 to port and to 30
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given in a known manner by:

cosa = ot where A1 = —C—,b
2

25 where ¢ is +the phase shift with respect to the
refererice phase 0°, ¢ is the speed of sound in water,
and d is the geometric distance between the transducers
13. With six trahsduCers 13 per group 31, this results
in a phase shift between the feed currents to be

30 applied to successive transducers 13 at the
transmission fréquncy fs - of 60° in each case. The
inclination -angle « is . fixed, and does not vary;
corresponding to the fixed geometric distance d between
the transducers 13. The inclination angle o can be

35 changed only by varying the numbers of transducers 13
within the groups 31, although this necessitates



13. Wth six transducers 13 per group 31,  this results
in a phase shift between the feed currents to be 30
~applied to successive transducers 13 at the

‘transm ssion frequncy fs of 60 in each case. The
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corresponding to the fixed. geonetric distance d
between the transducers 13.. The inclination angle a
can_be 35 chan al y ngzt n frs 13,
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only to the transducers 13 in ‘one transducer

arrangement 30, but also to the transducers 13 in the
25 other transducer arrangement 30. Since the main lobe in
the directional <characteristic of -one transducer
arrangement 30 is at an inclination angle « to the
plate plane of the composite plate 26, @nd the main
lobe direction 12 of the directional characteristic of
30 the other transducer arrangement. 30 is at an
inclination angle of 180°-a, the transducers 13 for the
starboard 'side must be driven with & different phase
shift to that for the transducers 13 on the port side,
which can be achieved by means of suitable wiring for
35 the transducers 13 in the two transducer arrangements
| 30, as is illustrated in Figure 8. If the seguence of
the transducers 13 in each transducer arrangement 30 is
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pl ate plane of the conposite plate 26, and the main

| obe direction 12 of the directional characteristic of
30 the other transducer arrangenent, 30 is at an

i nclhbnadd-omoangke of 180-a, she transdecerse2bBeloosadte
starboard side nmust be driven with a different phase
shift to that for the transducers 13 on the port side,
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arrangement 30 are driven with a phase shift such as

, that illustrated for a transducer -arrangement 30 in
25 Figure 8, then the main lobe direction 12 of the
directional characteristic of the underwater antenna 11
will be inclined at an inclination angle o to the plane
covered by the vehicle longitudinal axis and lateral
axis, as is illustrated in Figure 1. The strip 15
30 rensonified" by the antenna 11 on the _seabed 14 s
quite mnarrow both in the direction ‘ahead 'of the
underwater vehicle 10 and transversely with respeckt to
this. TIf all the transducers 13 in one transducer
arrangement 30 are now additionally driven with a
35 constant phase shift, while maintaining the phase drive
for tHe individual transducers 13 in . the groups 31 as
is illustrated in Figure 8§, and the -constant phage



- +25-Figure:8,. then:the main |obe-di-rection 12 of the
directional characteristic of the underwater antenna 11
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the transducer arrangements. 30 in particular largely
suppresses the disturbing sidelobes at right angles to
25 the scanning plane of the directional characteristic of

the underwater antenna 11.



.The "nmechani cal- shading achi eved by the geonetry of

the transducer arrangenents 30 in particular largely
suppresses the disturbing sidel obes at right angles to
25 t he scanning plane of the directional characteristic

VE g%%§q§%%% ter antenna 4% WO 2007£096326086065845:
45 ATLAS ELEKTRONI K GrbH Brenmen PATENT
CLAINB 5 1. An underwater antenna having at |east one

transducer arrangengnt. (30} which: ¢QRRri ses a

plurality of el ectroacoustie transducers (13) and has

a conposite body (16) conpd<E¥ of conposite 10 materi al
whi ch is conposed of piezoelectric or electrostrictive
ceram c el ements (18) egbeggegrinis a polymer (17), with
a plurality of ceramc elenents (18) being covered on
&ach end face by in each case one comon el ectrode
(211.22)in onderwdtfert o dnsenria t banbelicert (135ast  one

char act epj zedsidart hatranddheat der3d)o phoducecanplieal i2y

g;ai{grf’ggﬁ%ﬁ&‘y{ e rerggroac(o%tg:igogfér?gt%xc@bcQ13) and

{
(26) arehasoﬁpcsﬁwoéitﬁhéggbnél%bnﬁRﬁHQﬁﬁdnéFeﬁFﬁpogﬂa °
190! 1 d 20pgt@et100an B¢ f A exofdOse@0p fwiiczoat ectaricanged

on th |
t he ce?ia[nlg @ﬁ‘oeSt%gggiv Lgé gé @I‘Qﬂé}ﬁge Q@pt@med%ahln

and t hose are of at t
one of tRe BBlYRFwl é&%?odéﬂ%&rface% ‘t‘”f‘& cerﬁ%g
cover thelseetior s(18n ebeitulicpiveedd it ¢agh élll ciacsdby in

(21, psz) g%hCE?%] Cohdl LfitickOreoLrodd 1im5 and haverder
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the their composite bodies (16) in a plate (26) are
coinpbs”ea 6f the same composite material with solid
20 elactrode surfaces (19, 20) which are arranged on
their plate outer surfaces and make contact with
the ceramic elements (18), and those areas of at
least one of the solid electrode surfaces (19, 20)
which cover the sectors are subdivided into
25 electrodes (21, 22) which are in the form of
strips and Thave a strip width which is
considerably less than the strip Ilength, which
strips are located alongside one another,
separated by a gap seen in the direction of the
30 strip width, and in that the strip lengths of the
electrodes (21, 22) are designed such that they
dacrease from the central electrode (211) towards

the two outer electrodes (212).

35 2. The underwater antenna as claimed in claim 1,
characterized in that the strip width of the
electrodes (21, 22) is the same.



el ectrodes (21, 22) are designed such that they
decrease fromthe central electrode (211) towards the
two outer electrodes (212). 35 2. The underwater
.antenna as clainmed in claim.1, characterized in that
the st ohps Wgdkggof the elec1t7rodes (21pedZgrdoveybessas
same. wWo 2007/006396 17 PCT/ EP2006/ 005845 3;. The
underwat er antenna as clainmed in claim1l or 2
characterized in that the decrease in the strip length

Is symmetrical with respect to the, stri. 5 center. 4.
The 3undeFRREICCAHE BFR 2 HETRP af Fred A eBnE” of - cfaitng” 1
to 3, cham@acﬁfemedm fint kabtt hbesdetoessa ih the S&FdRs

of the af_} t; ong ﬂficghe%EEHd%e§ Eé@ceo 18né18:r20)
whi ch are subdi Vi déd | nto el ectrodes 22) in the form

&f stri pSSRF¥F -of f set vvlth respect to one another
t hrough the same circunferential angle, which is

?g\é)@f nedrhy (e AdEber avfenntr. éﬁsﬁl-&lafeda&haﬁhg@[ﬂﬂtc&ﬁlms
15_5, water an [

4, char écF‘ér?’zectng‘ﬁrﬁcF‘ﬁ odr Flr[;ans uces;gbg%sar%et%e%??
(30) ar eafeasreet i Hhe I 6APHSPRR Flate SLOBFTUS FUgTace
1ongi t udijng] 2 Seri2h) afeNAibEg vidadh sireres ell gewrades2022)

t t h o
Wit o ar 65 §UEpEbph ot CRBigpel oxb Eﬁggigﬁé‘”*’&?j{gﬁ%ﬁ’éf :

axes (25PnGhi BROFRAT r dAFEPPY whih F8Epedtt afficnal
anot her anglef f setidthr cisgh @vecner@urmer eftd alnvaRgre 6f

900 with E%Q&Heﬂ Qr-PRyARn2BOLA®r, so that the

el ectrodes (21) which are in the formof strips of in
¥ach case two nutual ly opposite transducer

ar r angenBhes (BREWRLAL parakred afo FridM8fotifer c1abt 64
The underwatgétaditzeAnanashsd aiowed tranodwiem Brrangements

characteriged 10 2hat ot e GUMRARLES: Bl 318te26d6) Siith a
longitudinal axis (25) running transversely with
20 respect to the strip length of the .electrodes (21)
whiéh are in the form of strips, and the
longitudinal axes (25) which run radially with
respect ‘to one another are offget through a
circumferential angle of 90° with respect to one
25 another, so that the electrodes (21) which are in
the form of strips of in each case two mutually
opposite transducer arrangements. (30) run parallel

to one another.

30 6. The underwater antenna as. claimed in claim 35,
characterized in that the composite plate (26) 1is
arranged on a water craft (10) such that one of
the longitudinal axes (25) of the transducer
arrangements points ahead, one astern, one to

35 starboard and to port.



.arranged on.a water. craft «(10). such that one of the
| ongi tudi nal axes (25) of the transducer arrangenents
poi nts ahead, one astern, one to 35 starboard and to
port. WO 2007/ 006396 - 18 - PCT/ EP2006/005B45 7 The

und na as clai Ln clai wp@rmpzﬁos/oossz;.s
cha‘re"'év?érl ze ?E that the gg%po& te plate (26) is

curved like a holl ow m rror B. The underwat er
antenna as cl ai nmed l.aim 4 terized.i hag,
t wo trangb%dJ@PeéW?Bh ear‘rléﬁtma lﬁoﬁgggnggf%{rng 2! 51%%
conposi tehpleater( 26} srucrrhattﬁ et U POES ) is

whi ch argiyed hextos mafiowshidys.in the two transducer
arrangenents (30) run 10 parallel to one anot her, and

in that the conposite plate(26% [ r g lthe
Bowdr: f atee ofmgRTviiiter ARALE et cl5 aﬂ?f;‘ uch 5 the

strip | &i}@ﬁ&tﬁ:eﬁtﬁzéhmm glodtr odes  (2BFdwhe T P EIREIFRCERR
form of:: af&n?éd' %ecth@p%agswmeelmamar abbpl sudb

to the velcle I tudi IS ) m G
under wat *é]i‘a%n‘iréﬁﬁr?&geﬁ ‘15 rr%zg i r"fhézg areS in e form of
char act estziags iim tthat tW%ethﬁsléﬁ%eﬁ*%ra(lﬂSl)‘eWtﬁ dalh run
?r ansducghr A TANGRMBAL 4:dbheal eas@lid thatotigs aupeo20te
31) which_ ar eégg)erage%ﬁ%é) 2 ald el:hé‘ngoxl}@’efa*dlee oSape

nunber o? £ran and 1 n that , rder L9

i ncl i ne théewmter oFeELEYD) OfP)t héUCHi r{él&eﬁ orfa®  SEOP
charact eniksgims of the tlemschdeer (2apr ahyereats {B0FLeo
st ar boar e hapd- andgReqt Wi n@feTyhathersl
hand thrgu%ﬁ {5?1 fg%%’n t.iaqn 93% aﬁwg\éth respect to
Y5he pl at éopF%?l CfLﬁe %ﬁﬁgﬁ? e P15t &2°)26) . those
transducers (13) which follow one another inwards in
eachy t r apgducgigerdhtangenesind 38 felemmkbe iout etaidlge.,
of the 30, conposi.te plat 13) h
paral | el cgﬁﬁggY%%ZEd o tgn%%fé))ne L&%&é&\% t(ransléluc?grc,

ar r angenenessdysy) aéﬁ—”én@?‘?‘%fttn %Ot)h aZepRRLE" sHIYY FA%PPn
gAch (31) which are operated -in parallel and have the

same number of transducers (13), and in that, in
order to incline the main lobes (12) of the
directional <characteristics of the transducer
arrangements (30)'to starboard on the one hand and
25 to port on the other hand through an inclination
angle (a) with respect to the plate plane of the
composite plate (26), those transducers (13) which
follow one :another inwards in each transducer
arrangement (30} from the outer edge of the
30 composite plate (26) within the parallel-operated
groups (31) in the two transducer arrangements
(30) are driven with a- phase shift via in each
case one power amplifier (32), which is shared by
the two transducer arrangements (30).
35
10. The underwater antemnna .as claimed din claim 9,
characterized in that the power amplifiers (32)



case -one power -anplifier (. 32), which is shared by the
two transducer arrangenents (30)_ 35 10. The underwater
antenna as clainmed in claim9, characterized in that
the power anplifiers (32) WO 2007/006396 19 -
PCT{,EP2061805845 are hard-wi red to tHEr/ RP00F AQQEE4S
transducers (13) in the parallel-operated groups (31)
of the two transducer arrangenents (30). 5 11. The -
under wat gr. %%E%n{,}%éé & aimdags@c@aee@ftfa@auseml )3,
e

characterized in that the it a 5
ar r angenght §°% 3@?%%8?%@@? O\{lpgcon%?)sﬁsfgq%%t e

: igenedinal30)axes (25) of the
transducer arrangemsnts (30) 10 which extend in the

t dth of the elect ol s
Bor ol 47 1BERPE-SH (Ghied p it % A e ol e

an
and i n thatthd compesicteriprat ¥t (563t i Ehar Péﬁﬁ%dl &n’ Phe
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the | ong| t updolsn%8 %'_i @ées 2(635) sk thaet rarsdugefitudinal
arrangenen S

are ned r oxi mat el raI I
to the veregl é253 orffi t L‘}&ienaT'r %QB?J'ZQ)aIrT ggxﬂ“%at ($6)
1gnder wat ghi @ntenradasnc kbhe nedrim widghned 1the xjectrodes
-charact e 51[ Zeghidh that 1tnh6;hréalf6rin08£ §d2)psofariet @1igned

di recti ona char acteri stl LS eI o I
with respetdlhd tHe°pf a?réo eé:he %g@ J:ﬂe S(det?(%loéggge
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ahead of yhherwnder vahes125(wehisatie (iHd) thantomgiivudénal

scanned el ect #é:)aldfy byt Lhe.yertiaabedxite QBoyhare
T¥nder wat Ve
aligned approx1mately parallel to the vehicle

longitudindl axis (29} .

12. fThe underwater ~antémna as claimed in claim 11,

20 .characterized in that the main locbe (12) of 1its
directional chAracteristic is electronically

inclined with respect to the plate plane of the
composite plate (26) through an inclination angle

(o) in the direction - ahead of the underwater

25 vehicle (10), and can be scanned electrically

about the vertical axis of the underwater vehicle.



