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COVPRI SI NG A TRANSDUCER ARRAY 5 COWOSED OF A PLURALI TY
OF ELECTROACOUSTI C TRANSDUCERS The invention rel ates
to an underwater antenna of the generic type defined
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resulting in an el ectroacoustic transducer or an
arrangenment of el ectroacoustic transducers
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a composite body composed  of plastlc with a
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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 end. The ceramic elements are
in the form of small plastic-sheathed ceramic rods
30 which are arranged in rows, 1like a matrix, such that
they abut directly against one another. The free space
which remains between the sheathed small ceramic rods
is filled by a plastic, for example resin or
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



Gl ay- An array such as this has a w de frequency
bandwi dth, a high transm ssion power and hi gh reception
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with a nultiplicityof cub0|d transducer el enments which
ar e WeaRPaRYeEb3IN rows separatled by a ga‘}?'rdﬁaz‘%\?%/oose'*
conposed of piezoelectric material (US 4 460 841),
sidelobes in the directional characteristic of the
ant eviavar ent educed $0cby asechiani chfs appl wididel sHadiey,
in txﬂaél fauhi BEn CUDQiid PRAZSOSI Q6! bbhiet IAES AUGRS retasmrhs
are arranged al ongsi de one anot her are designed
MAtH“?ﬁBGFElT%ngths whi ch decrease fromthe transducer
element located in the antenna center to the

ty anggducgr %hsmentslm&@lh agerdd:dupgat editahns hewtvd a

ant en ds For exa h
redd%g&' El§h€% t%ESSdexterna g%t%ﬁgeg are

the amecang £5 S ﬁtepééﬁtedrﬁér o REP VIR F%%%ﬁfx%rof
el enpnd-meaecereid fatemial piezodlbecs4lic, cedaiblepliat ehen

whi C&B.rte % Sng ech a@é&&g[—,@ge §urtt'1@0%§te&lﬂ£ &Y epdd g
i s base ject of providi ng an erwat er

d
Hht e%hamwl}aﬁngaw @glpﬂﬁgaﬁ%nﬁgya htl'll Hnaelyk cuboid,

a~ hmAner
whi chii dzzceil apteid otmmﬁua@tu@éeaﬁdt$lawh2@i t REM S AT IR

3nd/§%oﬂ§%9@@:bﬁﬁ gheacdd ons WBb@@né&ﬁﬁth Rubdi & f Beenths
I rectl a e
WB{% oq,gc&eafﬁe%roraef: I%’.%é({hﬁl%r eggmegggfc?ceat%ti in

atte S ransm ssi on
and/ dre rea¢ephi oFCEIRE &6t éhﬁswaefssduserA%Jc%wtﬁgwlﬁ-bdt i
- 151V9Dc§da(3:l’éd t&h.e Gthjeecﬁwd safchieyednby. frhe feamwiles ithe

clal e °
Muks; aTNEHAGEY Bl 21 BBLEnNa; ACCALAI 10 Lyt Rar cie

i nven anta e that the for f1.an Qf t
el ect¥ioeEs) ‘S‘Blt\fahlircho%r &EFn AHESr Mot S5t P2 n e
st at peiivddioel, itrahbéucedi vietlemdntsect ars oﬁuthefrom

CoNpRs éo%lglcel@ﬁc r eéékémd N SGAUSt | & PoMeTcrbei figeren tatx%j
fromithe individual W 2007/ 006396 3 -

BCT/ BEFI66F6088%5 °SFransducer arrangenents in a very

si npl e mari ner,
The invention is based on the object of providing an

underwater antenna with a wide frequency 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 anternna 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 of the composite plate result
in acoustic power being emitted from the individual
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arrangenent towards its edge, thus leading to a
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transm ssion and reception characteristics, also
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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 used makes a particular
30 contribution to cost saving, since these power
amplifiers represent experisive 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 transducers, corresponds only to

the number of transducers within & group, which



~'wo 2007/ 00639. 6 - 4 - PCT/ EP20061005845 - transducers
have to be driven with a different phase shift in
order to produce a desired nain |obe (beam in the
directional characteristic (pattern) of the antenna..
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points in the ahead direction, one astern and in each

30 case one to port and_st ar oard, rwat

ant eha 5625 PARGEH &PBFOPrt k?;tmins o Zg]ec r ‘r%dg?gg %W cHe
exanpheice e i Hee v@s@?@r cEﬁy Wséﬁcgﬁaﬁﬂ@gW%S miRe$
It pessidalieet 0 Jawedyce zan umndeiwat &fseanitenianf oona the

Dopp(lzomPOSlg_le \/\@ét@ operates on the Janus principle,
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1f, 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 Thas
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 c¢arrier, 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.
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advant ageous enbodi nent of the invention, two.
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of tdwrangedeowaties MelHrclserface of an underwater vehicle
such that the longitudinal axes of the transducer
arrangements are aligned approximately parallel to the
vehicie 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



35 W 2007/ 006396 - 6 - PCT/EP2006/ 005845 The
invention will be described in nore detail in the
following text with reference to exenplary embodi nents
which are illustrated in the drawing, in which; 5
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of an autononous underwater vehicle fitted wth an
underwat er antenna, Figure 2 shows a plan view of the
undefnsatiereant &nnai 11l God nidsheided et i vorofddde latnowhet
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IV-IV |n Figure 2, Flgure 5 shows a section al ong the
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undermater ant enna designed for a side |ooking sonar,
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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 enbodiment,

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
i1llustration of hard wiring for the
transducers in the underwater antenna as
shown in 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



‘under wat er vehi.cl e.  Theaut ononousl y acti ng underwat er
vehicle 10, a side 5 view of which is illustrated
schematically in.Figure 1, is fitted with an
underwat er antenna 11 having a transmn ssion and
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directional characteristic, the antenna plane of whose
main lobe 12 is directed at an 10 inclination angle
towards the sgabedodfzalse babt ahestverpiddl istis of the

“ensoni fied" e&ggtvd@a‘g%qc}é which strip 15 is very

narrow in the torward direction of the underwater
vehicle 10, and is. broader transversely to this. in
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conpashiiechody iGssCol ubddckel eertad onetlenerbbed 18 ar e
- polarized at right angles to the outer surfaces 35 of
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2007{1QLQ1@%%§téd,8 in P{ﬂl’é E‘P@IQ(DQ)]EO%E’%@ematiC plan view, in
Figure 2. The underwater antenna 11 comprises an
electroacoustic‘»‘ transducer arrangement 30, which has a
25 flat composite body 16 composed of composite material,
with ceramic elements embedded 1in a polymer and
composed of piezoelectric 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 Figuresv 4 and 5 each show the design
of the composite body 16. Column-like ceramic elements
18 are polarized at right angles to the outer surfaces
35 of the composit’e body 16, for example being arranged
like a matrix in rows and columns, and being isolated
from one another by the polymer 17. An upper solid



-electrode surface 19 is applied to the upper outer
surface of the conposite body 16, and a | ower solid

el ectrode surface 20 is applied to the, | ower outer
surface of the conposite body 16. Each solid el ectrode
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the gaps, which run in straight 1lines, between the

electrodes 22 on the lower outer surface o©of the
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underwater antenna .11 having a total of four main lobes
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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 transducer arrangements 30 are
then offset with respect to one another depends on the
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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 "ensonifies" a strip 15 to port and to
30 starboard on the seabed 14, provided that the
transducers 13 &dre driven with an appropriate phase
shift, as is illustrated in the direction forward of
the underwater vehicle 10 in FEigure 1. Because of the
mechanical "shading’, described in detail above, of the
35 transducer arrangements 30, the directional
characteristic of the underwater antemma 11 has no
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20 transducer arrangement 30 to starboard and port 1is

given in a known manner by:

cosa = -(D—;—L— where A = i,
27-d

25 where ¢ 1is the phase shift with respect to the
refererice phase 09, ¢ is the speed of sound in water,
and d is the geometric distance between the tramnsducers
13. With 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
transmission freguncy £ of 60° in each case. The
inclination angle o is fixed, and does mnot vary,
corresponding to the fixed geometric distance d between
the transducers -13. The inclination angle o <c¢an be

35 changed only by varying the numbers of transducers 13
within the groups 31, although this necessitates
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driven by the same set of power amplifiers 32, the
outputs of the power amplifiers 32 are connected not
only to the transducers 13 in ‘one transducer
arrangement 30, but also to the transducers 13 in the
25  other transdicer arrangement 30. Since the main lobe in
the directional characteristic of ©one transducer
arrangement 30 1is at an inclination angle o to the
plate plane of the composite plate 26, and the main
lobe direction 12 of the directiomal characteristic of
30 the other transducer arrangement .30 1s at ‘an
inclination angle of 180°-u, the transducers 13 for the
starboard side must be driven with a 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 sequence of

the transducers 13 in each transducer arrangement 30 is
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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 r"ensonified" by the antenna 11 on the seabed 14 is
quite mnarrow both in the direction -‘ahead of the
underwater vehicle 10 and transversely with respect to
this. If all the transducers 13 in one transducer
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for thHe individual transducers 13 in the groups 31 as
is illustrated in Figure 8, and the constant phase
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the underwater antenna 11.
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the transducer arrangenents 30 in particular largely
suppresses the disturbing sidelobes at right angles to
25 the scanning plane of the directional characteristic
of vicheoundesswsteer ant enna-116 WO, 200AHGE38G0E/0DE84L5:
PCT/ EP2006/ 005845 PATENT CLAIMS 5 1. An underwat er
antenna having at | east one transducer arrangenent
(30) which conprises a plurality of electroacoustic
transducers (13) and has a conposite body (16)
conposed of conposite 10 material which is conposed of
pi ezoel ectric or electrostrictive ceramc el enents
(18) enbedded in a pol pyaeeNy TTpiMM th a plurality of
eramic elenments (18) being covered on each end face
By in each case one conmon el ectrode (21, 2%# in order
15 tlo foPfh a WOERYdtRer AT NechdPacteri 2&d i %Ehat one
i n order tkanpdwrkic e aarphyeredntt y (39) t rdrisducepmprises a
arrange {Tg&%§%i§&) ,ol§6 e&ﬁ&r&owgéwi%g%&aagauc&w nd3)t %@ﬂfdf
conposite bodi es in._a are ed.:
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strip wi dirlrangements t ) .t eecsers pvheslyt ABakFaklye bound
el ectrodescf2lcoddds e Bsiegnedssuch tshatlddeey(26) are
decreaseé%&gggg %ﬁ?%%%r%gmglSﬁﬁk@g@eQéﬁihjgﬁm@ﬁgﬁ solid
20 electrode 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 have a strip width  which is
considerably 1less 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
decrease 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.



the two outer electrodes (212) 35 2. The underwat er
antenna as clainmed in claiml1l, characterized in that
the strip width of the electrodes (21, 22) is the
same. W2007/ 006396 17 - PCT/ EP2006./0058.45 3 The
undeforaber /asd3ena as cl ai petl7 i-n cl ai MHCTGER2006/005845
characterized in that the decrease in the strip length
is symretrical with respect to the strip 5 center. 4.
The underwater antenna as clained in one of clainmns 1
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tgwr ough t%ﬁt?ﬁm circunferential angle, which is

gover ned e nunber of transducer arrangenments (30)
15 5. The undervvater antenna as clained in claim 4,
charact erhzednderveltar fouentar ass disiredarinangenehtelains
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each casertwedmtall-yngeppasi (801 r ansducer
rangenents. (30) run parallel to one anot her. 30 6.
e underwat er antenna as. cl ai

char act erPEed 1P PRAE" t (FE “EBAPoST® teC{] mie J2%) clgim 4.
ar r anged characwatigiedc faf th¢d 0jousu @ﬁaﬂﬁ@tceﬁn @réﬁng?q*%nts
| ongi tudinal axestd2lh oh the domBsdueaslate (26) with a
longitudinal axis (25) running transversely with
20 respect to the strip length of the electrodes (21)
which are in the form of strips, and the
longitudinal axes (25) which run radially with
respect to one another -are offset through a
circumferential angle of 90° with respect to ohne
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 5,
characterized in that the composite plate (26) is
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.



ar rangenent s+ poi nt's ahead, “ one-astern, one to 35
starboard and to port. wO 2009/006396. 18

PCT/ EP2006. /005845 7. The underwat er antenna as
clainmed in claim5 or 6, characterized in that the
conpeskber pleds@e(26) is curded |ike aPRBYERRPAF/PPBFLS5
B. The underwater antenna as clained in claim4,
characterized in that two transducer arrangenents (30)
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two tranSd rran enen 10 parallel to one
anot her , caned Aikkag @Wé%’oﬁb’é’é‘?‘ie plate (26) is
arranged on the | ower face of an underwater vehicle
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{4 ansduceps. {1 whh e od Plduanhenesarotber. i nwards in
each transducer arrangenent (30) fromthe outer edge

of the 30 conposite plate (26) within the
par al | el ToperatdEdwagepupntesly ag t B imRe t¥ansdutRr 8
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each case on 2) e Mg B 1 8 Shated;
the two tFang ucerr aérrrrgﬁ }n&% do?) 307 b iR
20 (31) which are operated 1n 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) im 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 in claim 9,
characterized in that the power amplifiers (32)



35 10. The underwater: ‘antenna as claimed in claim?9,
characterized in that the power anplifiers (32) WO
2007/ 006396 - 19 - PCT/ EP2006/ 005845 are hard-wired to
t he associated transducers (13) in the

par aldl ebeppEreated groups (31)9 of the tRET/EPIHREIGOERAS
arrangenents (30) 5.11. The underwater antenna as
claimed in one of clains 1 to 3, characterized in that
the pluralityaef-wikkansduere asserigerdntsafl8Bjcease (13)

formed in the %ggg?g%eog@rgtcgd(g@guﬁucmlt habr tBge two
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(30) 10 WArRIAUSREeRBEFHITIECEL 1 Wi dth of the
el ectrodes (21) which are in the formof strips are
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aligned approximately parallel to the wvehicle

longitudinal axis {(29).

12. The underwater antenna as claimed in claim 11,

20 .characterized in that the main lobe (12) of its
directional c¢haracteristic is electronically

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

() in the direction - ahead of the underwater

25 vehicle (10), and can be scanned electrically

about the vertical axis of the underwater vehicle.



