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-1- WD 2006/ 015646 PCT/ EP2005/ 006383 ELECTROACOUSTI C
TRANSDUCER ARRANGEMENT FOR UNDERWATER ANTENNAS The
i nvention relates to an el ectroacoustic transducer 5

rran nt for underwater antennas of t ric, t
d@?lﬁgagﬁﬂlFﬁésprecharacterizing clauseéﬁgéﬁgga%§ﬁoqqg%3
one known el ectroacoustic transducer arrangenent (EP O
654 953 Bl), the reflector is a spring mass 10 system
COMUECTROACOUTEIE, THANSDUCER 0REANCEYENTe FOBRt SNDERARTER

and a spring, which is fQ&Q?QNRX t he foam panel and
carries sound poorly. The'toam panel is in the form of

an elastic soft-material panel conposed of

pehyur %U%?l'@.ofnoaf@l e n@cgahnpleqte%t'r%a@%%'sgﬁ%d ttx%.rﬂs'iiucer

Suppress nat ur al dlstur ance resonances by neans of
saHgRRERMSRE UEPET ENHCEWAL K| PRUGRIES Of HsedSEET1c Type

bgtweanat wa eBkabrsheat-scasdidanpschendengrwavasm The
i ndi vi dual transducer elenents in the transducer

arrangenent are in the form of hydrophones. In order to
ZmnprodeceknhentrahsdﬂreaCGM$Bhgen@man5d¢ﬂﬁreﬁanﬂﬁngement

gggggggnggnne(&H oné‘%ffl%la%o}%y rephgnes; 1(?1g mass

Eserte a castin rophones
aéﬁ§§ievlelcy¢%ﬁ@édlg tep r&ap%%er‘shﬂr%h o%aeifomeﬁabm éahﬁ Hptal

ageHial elng 0l 88 d ﬂhﬁé@ngg Foemetheyr ehleediorm pHigel

RS MRS SR PR 1 TR, o
exdnpl anby emransi of snﬂﬂ4maum¢amﬂat|paseﬂn tbempeted  of
p#:%ggué‘gEPgh‘ge %amadh%ﬁévemgeg n]glagge §£act‘?é‘§lﬁ§i to

rom:t sane nateri a
eﬁ@@pgasét |r®n:uw cAissuBbapeef éﬁﬁ@ﬂ?%@ﬁpé&fed‘“%ns’ of a

p@bylaw%han%tr%%fehewﬁ@ﬂ yur etdiane has deend njeased
into the castin and |t(is cured | ete

t PShY868e rt Wt rlg%b%}reﬁpepgs and damps benglng aves. The

individual transducer elements in the transducer
arrangement are in the form of hydrophones. In order to
produce the transducer arrangement, the reflector and a
plug for connection of the hydrophones are inserted in
a casting mold. The hydrophones are adhesively bonded
to spacers 1in order. to maintain an accurately
toleranced distance from the reflector. The spacers are
fixed accurately in position on the reflector, to be
precise on its metal plate, for example by means of
small indentations in the metal plate, or else by
adhesive bonding. The spacers are produced from the
same material as the hard encapsulation, which 1is
preferably composed of polyurethane. Once the
polyurethane has been injected into the casting mold
and it is cured, the complete transducer arrangement is

removed from the casting mold.

The invention is based on the object of providing a
transducer arrangement of the type mentioned initially

which has low weight with good performance data that is
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removed fromthe casting nold. 35 The invention is
based on the object of providing a transducer
arrangenent of the type nmentioned initially which has

s Be8aRa BER, 22006 000333 2 not cRTHAT 2 (S

to increase the options and Xi-elds for its use.

According to the invention, the object is achieved by
S5nbite £bahgeds ihncIQdeﬂ_'ﬂmeimwaﬁgﬁacetherr@m@é@@ﬁt and
a%g%ﬁgrngogolkge savention has the advantage that the
oneyconb structure of the netal plate, in particular

al um num pl ate, achi eves an 10 enornous wei ght saving

WIAU&otxﬁqntgr ans dueer iakkardementthchaybget hessamhieved by
g@ %%?ﬁ iffness as .that which is ensured by a solid
e &T&Cr dfigé *the thin double |ayer

conposed of a foanrlayer on the one hand and a

%%“@raﬁser brelh_lran aeou&raocra 'H%;ﬁdégc%h@ndn%%ﬁ@%n

dénsity, pre era "ayer, e ot her
r eug ttshe na@vaetaeet @hawqrtérfz |%oeege@ab appreginue @f tbhe

apedaalprpfd ecirp 39g18§§a§ &Qhﬁlﬁgﬁdﬂyﬂﬂét(&éﬂiﬁﬁes an
rati o, despite t he hopeyconb, structure the neta

PEROEMOS WA SBRY D M1 b GRS aa’ﬁgﬁ%ement
d(mubllelgi ayhe hedneemdrts loneytofhestr und utthaandwhheh is

oanrpa el.. the_b f ont t ased
SR s e BICK O nl e L S LERERR L e
r gloyé Ler dravidr t coB@okelk. 025 a0/ arg tbayeels piglhewsinght hand

the d rAansauUCef, Br { RNGEMRALL LS l@ﬁtac%ﬁéﬁ@ elrr{;%dance and
f|tt|n to autononous qr renotely contro

e tehRISESTAY Skl @S r%etrl'\‘f? rfoF Rt/ B R

t ﬁ:@@ﬁlmttst 1iRg satei TR fayf whigel s anagood Gipsiedenid ivnf to
nEEFSi égwn%e%qgggo§e%h§§nhagl%¥BVery good back-to-front
ratio, despite the honeycomb structure of the metal
plate. In comparison to an embodiment without any
double layer between the honeycomb structure and the
foam panel, the back-to-front ratio is increased by
more than 25 dB for a transducer arrangement frequency

range from 10 to 30 kHz.

Owing to its light weight, the transducer arrangement
is most suitable for fitting to autonomous or remotely
controlled underwater <vehicles, for example as a
receiving and/or transmitting antenna for a mine sonar

for detection of mines around which sediment flows.

Expedient embodiments of the transducer arrangement
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 foam panel is replaced by an air-filled

cavity. In this case, the increase in the back-to-front
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30 Expedi ent enbodi ments of the transducer arrangenent
according to the invention, together wth advantageous
developnents and refinenents of the invention, are

ca 6? i§%4§e further clains. 35 ACC@&@VEgzb05¢oesss3
van eous enbodi nent of the invention, the foam

panel |s replaced by an air- Bitled cavity. in this
case, the increase in the back-to-front WO 2006/ 01564
PCTY BP20e%) DoBRB3Erom 3the afpBPE 8 s LRV ERgLFr S’ﬁFPhE‘OESu%}?@n

| pyesni Sy VRN HERKR cktha Eﬁédﬁhm@ﬂtbaﬁeaﬂEéf terbhgement
sane transducer arran enent OJ§]%lequency range of 10 to
3DTREPSNSY AFRRIEI P t Bﬂe Qd¥ht ageous enbodi ment  of

the invention, the transducer elenents are attached to

tal p ate me r's L850 f
p$5§?¥ I ThEhei %ﬁ gaéﬁggg gggss i's desﬁgﬁgg s%% ene
t havenhiondi shancteram@tdw@@nr teHEMRIBIFs 13 %S cehteried Fﬁe the

trapsdu %%Eg)ﬁyeﬂﬁﬁhé ahe EPSCE@E' oséﬁsﬁﬁ|bﬂa$tlc

conparison to he nmean wavel engt br oadban
t FaAsdifdat apfarfgmeRP2CEhT H§5|g§§1$ﬂ% Sﬁgﬁl gh &y Ehe
Oalbhﬁnc&ﬂb@k%@@hht&dﬁaébuEHIdWWEmmbrraﬁsdheemransducer

PEIEEE [ SUBRER T D) e

tor Ts consfructive
sunerlmpaﬂedwavaﬂﬁagnhnmk whf chai s baiopedang r dd@ingsce

Oérkéﬂaéﬂé fed gﬁdthfs tié§§du@ﬁineléﬂ@”“éhaﬁﬁéﬁ”(BﬂKJthe

t 0 one pre efre nbodi ment _of the invention, 20 th
survagenstht e @bt ot pREEERRTGh bsww%ﬁfarad-’l’twemem

tﬁﬁﬂ§d%%%hﬂééﬂﬁﬂﬁﬁ tﬁeC@@hﬁd\MHﬂtHiimlﬁefhgeted on the
CO a mater

PELe i THar Lorchalery SrerdRe e oas qgnt Wb
Wthh is directly received or transmltted by the

transducer elements.

Acéording to one preferred embodiment of the invention,
that surface of the metal plate which points toward the
transducer elements 1is <coated with a thin layer
composed of a material whose acoustic impedance is very
much less than that of water, and is as close as
possible to 1 kg/m?’s. This material layer, which has
quite a low density and is preferably in the form of a
cork layer, acts 1like an ideal reflector on the
transducer elements, thus increasing the reception
sensitivity of the transducer arrangement, being
operated as a receiver, by up to 6 dB in comparison to
the transducer elements in a free field. This also
applies to the transmission level and the efficiency of
the transducer arrangement when this i1s operated as an

acoustic transmitter.

The invention will be described in more detail in the
following text with reference to exemplary embodiments
which are illustrated in the drawing, in which,

illustrated schematically:
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possible to 1 kg/nes. This material |ayer, which has 25
quite a low density and is preferably in the formof a
cork layer, acts like an ideal reflector on the

g&agégggﬁr el enents, thus increasing trf%¢§%§§%é§§}006383

£y°6£6t he transducer arrangeme
operated as a receiver, by.-up to 6 dB in conparison to
30 the transducer elements in a free field. This al so
applies to the transm ssion level and the efficiency of

the transducer arrangene (.S | t n
acoust'%gPFSnsniﬁbgwg fbn#ﬁﬁgﬁﬂggﬂkibnéaﬁﬁﬁéﬁe%ﬂrgagﬁ an
descri bed in noreldetabhcpusthe ftokhewiusgn ex@ridigement

reference to exepplany e@ﬁ%@%'“ﬁﬁ?hsdﬁﬂé¥7 gfiéments at a

illustrated in the draw n in ich, _illustrated

schemati cal | y: vEﬂ?GGGFélgéﬂﬁ PES/ EP2BBS5F006383 4
Figure 1 shows a |ongitudinal section through an

el ectroacoustic transducer_ arrangenent .- having.three
transd%&g}lrgl @rreﬁ%‘?wgt 4 RS ar%é’eefrl%%ugﬁé:ggégflhe?:f a
Figure 2 shows ampérdpedtites idrd ushe afbom of @ hmejrcomb

plate, in the fogq&g&t@rggngﬁpqmg é¥dﬂéﬁd€§% d#rdement

transducer arrangenent . shown in Figure 1, and
Fi gure 3 shows tE&c¥amMaD FLa¥tfatiof™ds in Figure 1 of
a nodi fied transducer arrangenent. 15 The

el ectroacoustic transducer arrangene ichis .
sket chéd98¢Rerat iSE’QIWISy i‘ﬁ“ec hes%‘gm &q%‘%%%i naf %
section in Figur&iguaedli s bfit ended hodifhedndermaistucer
ant enna has, by Q@%a&%eﬁéﬂgPle' t hree transducer

The electroacoustic transducer arrangement which 1is
sketched schematically in the form of a longitudinal
section in Figure 1 and is intended for an underwater
antenna has, by way of example, three transducer
elements 11 and a reflector 12 which is arranged behind
the transducer elements 11 in the sound incidence
direction. The transducer elements 11 may be not only
transmitting transducers but also receiving transducers
or hydrophones. In the latter case, the hydrophones are
in the form of spherical ceramics, preferably ceramic
hollow spheres, such as those described in
US 6 029 113 A. The transducer elements 11 and the
reflector 12 are embedded in acoustically transparent
hard encapsulation 13 composed of essentially viscous
elastomer which can be processed using a casting
method. By way of example, polyurethane (PUR) is used
as the elastomer. The electrical connections which
necessarily lead to the transducer elements 11 are not

shown in the illustrations, for the sake of clarity.

The reflector 12 comprises a metal plate 13 which faces
the transducer elements 11 and has a honeycomb

structure, and a foam panel 14 which faces away from
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20 elenments 11 and a reflector 12 which is arranged
behind the transducer elenments 11 in the sound
incidence direction. The transducer elenents 11 may be

not only transmtting transducers but also recelv
t F8n3808€P4568F hydrophones. In the | at RS /R 4ﬂ§%383

hydr ophones are 25 in the f.orgm-of spheri cal ceran1cs
preferably ceramc hollow spheres, such as those
deser i-Pef siiticedS 6 A tE13 1Aanthe & rcaj’ﬂ@ﬁ:lw o esmsure-

11 and th eflec 12 are e dd n ustlc LLy
(FsReharth: foba SREapi i BItS dompoedaipg Ak ene
ehsaaylca;lnlby snme’so ®| psaoneriewhich \@axplbeCpnoéD@ss%@en
§Lng.f.ca g t hod y :
e e A v o v R A S
eFégurﬁcah dénrizte Forb ihi BANUAREBYEEE | fyoledd & thrEal,

t rsﬁ@%dl&:éer a®LRTBOLS hl @hen n@bubi’z@o%jy*eri’ th@ lS arranged
lustrations, for_the sake of cl ar

rEFI@@F&*%E?cBﬁﬁ??s@ agem&%uaB@aF :?%Wﬁcﬂa?ﬁ%e§4 and

tbembma&&@uaerﬂamﬂnﬂaﬁeﬁllandxha&ﬂa freséycomb the metal

2608 b155%0 2PCT) EP200EEDOBdas T 5o e LF anSaUeEr o T

ebodest statlenial | layenpbsedwbichr ssstipeony ddiestiaam panel
feam The 'Ig alc Rl dl 3 J00§ hefa tAin 1t h@vhmey&%@stlc

structure, pl an“vi ew of which can be seen
{ GPREORREd ot Yerpy ey drvEtanglan PR ﬁﬁgl&%efz' jghat
phef epalklay FiaﬁlHaa;:taJr\%i:}f row |degidi it atork siuchpmsterably

al um.num _A thin daubl Iay 15.s arr t

t W& ﬁe?ﬁlﬁ&zﬂ%? aﬂd%% 5%&%%%%% ]1%2§§%‘]2§n3§|2%%at
athearidlayerins et cﬂ‘ef@sﬁ somhyt he aercairk glaatear 1F -anthe
'%o%%‘?ﬂ%oi% < 1‘%! %_%va%réﬁarﬁsx}e'sltyarghﬂcrpai@ dhi fon to the

mat eri al , rests on_the foampanel = 14
aﬁ@amsﬁﬁﬁﬁﬁ%s%ﬁ oPYa Yifdt 2F af*@RBsR: abbfstifyer thickness

of the foam layer 16 is 4 mm, and the layer thickness
of the cork layer 17 is 2 mm. In contrast, the layer
thickness of the foam panel 14 composed of pressure-

resistant foam is chosen to be 15-20 mm.

In order to maintain an accurately toleranced distance
from the reflector 12, each of the transducer elements
11 is adhesively bonded to a spacer 18. The spacers 18
are fixed accurately in position to the metal plate 13
with a honeycomb structure, for example by means of
small indentations in the metal plate 13, or else by
adhegive Dbonding. The spacers 18 are preferably
produced from the same material as the hard
encapsulation 20. That surface of the metal plate 13
which points toward the transducer elements 11 1is
covered with a thin material layer 19 composed of a
material whose acoustic impedance is very much lower
than that of water. Cork is also used in the same way
as in the case of the material layer 17 as a layer
material with a low density for the material layer 19.

The layer thickness of the cork layer 19 1is, for
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I npedance is very nuch |ower than that of water, that
istosay it has a very |low density. Cork is preferably
used as the material for the material |ayer 17, so that

15 the following text refers only to a cork, | r_ 17,
TRE 2886hHP25F49er 15 is relatively thi naq/@&%gﬁ/iooon”%
to the foam panel 14. By way of exanple, the |ayer

thickness of the foamlayer 16 is 4 nm and the |ayer
t Bkekpess Poriham®ky ayeaim 17The 2okt layenont® ass, cut

the _layer. 20 _thickne of the fo panel 14 conposed of
pPBgsﬁlﬁeg’ChFe?F??aﬂ? gggmngcEﬁ%sgéFto be 15-20 nm In
order to nmamintain an accurately tol eranced di stance

f t | egt 1 ag._aeg_}got-tmcrlggr&t
2@3?1 &?ngg‘{wecglfvgh? E)s&bn e tq{% ggacc{ar 18. %%ﬁsfac rzthe
18igkanrexbetueetr b6l POOMSEEST G o Ahd Hfetta{CqARI =S
1§n|d}’\4t_tﬂédam%‘@%‘EY9QEEe3E1L3JCisltr @lmafmr iexaa@rhls pabillsmag& afhe
smal |l indentations._in e _neta ate or else by, .
aliRes V@Wﬁ?%% ‘?’hef%lba@er?%rg‘%a‘fceeﬁr afEPRBFYe3E hich
peeduneadthr arer t kecedmesnaveth ala asrohe Hergiwidth. For a
enca L0 surf.ace : ;
AT BRSSP o S ERneh s WRRES e e o, R witn
cevaragray t haadwhidthnatidrs ahefaher A EBRPIYRAFBIS al8 1S

Mehekkal tWhege 126eUHHG idﬂ@dfﬁ{&eixs Sferahdmuatyd MRt 185,
than that of water. Cork |?\ al so used in the sanme way
ashpk ffetPasS8YoloFRe thateY 4l | ayer 17 as a | ayer

material with a |ow density for the material |ayer 19.

T | ayer thickness _of t rk | : [ f

2088 Y ans st e Ssdartetd éc%%%%e, To 'Y WRircner
appeopilaayelepbpdimerithe wordh | byeillostsagad igutthen form
Re area QindN&;ERACLr Sed8ridhe hai gkt gof-ot BE SPRGEr een

t
18 is chosen such that the 5 distance hetween the
aPed4Eiledc ehit e CHPAHERY dFBpHdifes transducer  arrangement

described above by replacing the foam panel composed of
pressure-resistant material by a closed cavity 21. A
frame 22 with a U-shaped cross section and with a base
plate 221 and a circumferential frame Ilimb 222 is
provided in order to create the cavity 21. On the side
opposite the base plate 221, the frame 22 is covered by
the cork layer 17 of the double layer 15, which rests
on the free end of the frame limb 221 and thus encloses
the cavity 21 together with the frame 22. The frame 22
is composed of a stiff material, for example of a light
metal, in particular aluminum, or a pressure-resistant
plastic or foam. The cavity 21 is preferably filled
with air and, in addition to increasing the back-to-
front ratio, is also used to accommodate electronic and
electrical components for connection to the transducer

elements 11.

The hard encapsulation 20 which encloses the transducer
elements 11 and the reflector 12 is not in the form of
a cuboid body as in Figure 1, but is readjusted in the

area of the sound incidence direction of the surface



and the nmetal plate 13 is small in conparison to the
mean wavel ength A for a transducer arrangenent which
transmts or receives with a broad bandw dth. For a
transducer arrangenent which transmts Qr_receives, W
160a2R8F/ BhEB4Rdw dth, the hei ght of thé’%“;!f@&”s”l’é’ouﬁtéh“
chosen to be | ess than one_qggarter of the wavel ength A
that is to say |less than A/4. The transducer

aﬁ%ﬁg@ﬁﬂenﬁfacﬁﬁéCﬂéﬁhﬁﬁlc&lfUtkgﬁgduiﬁre?@D@MQm?s 11 by
enbodi nent , ichis i strated in the for :

I Hﬁ@??gg?ﬁéfsggecg}lb)ﬁe?n él“%ﬁ? e FVHad Deéh rﬂr?ﬁngisfp?léad: Get
cpapar ofortteo tiwngdersduceitiar rangererkindssdyi pedistant
QS%Srgxlrepéﬁféﬁgeége fQﬁﬁkﬁa”%bt%%EB edoff the hard

a

préessuré-resrstant materia y a closed cavity 21. A 20
f eagepeRlatinna A9 skapshec teTNSSBAGOCAREP N t FegupiSe 11
pLates22inandadrahieraher aavial AranBeli Phak22ngSe.
provided in order to create the cavity 21. On the side
opposite the base plate 221, the frane 22 is covered by
the cork layer 17 of the double [ayer 15, which rests
25 on the free end of the franme |inb 221 and thus

encl oses the cavity 21 together with the frane 22. The
frame 22 is conposed of a stiff material, for exanple
of alight netal, in particular alumnum or a
pressure-resistant plastic or foam The cavity 21 is
preferably filled 30 with air and, in addition to

i ncreasing the back-to- front ratio, is also used to
accommodate el ectronic and electrical conponents for
connection to the transducer elements 11. 35 The hard
encapsul ati on 20 which encl oses the transducer

elements 11 and the reflector 12 is not in the form of
a cuboid body as in Figure 1, but is readjusted in the
area of the sound incidence direction of the surface WO
2006/ 015646 PCT/ EP2005/ 006383



10

15

20

25

30

35

7 contour of the spherical transducer elenents 11 by
hem spheri cal bul ges there covering a hem spherica
part of the transducers with an approxi mately constant

mﬁ3e£6@$ /4bgkgess. This matching of thecharg2505/006383
encapsulation 20 to the transducer contour results in

t he antenna arrangenent havi Ag-a wi der beam angle. WO
2006/ 015646 PCT/ EP2005/ 006383 8 PATENT CLAIMS 1. An
el ectroacoustic transdBREENAr FaAd¥Rent for underwater
ant ennas, having transducer elenments (11) 5 which are

at a dij st f

B e L e e S Fhid
i Bndidewsoand dmoirdence diavéag ohrangddhasr @Jrﬁélt%'ltspl a(tlé
(lﬁ% ﬁ J%y g§0%§ %ﬂ%t%%?ﬁ§dffsﬁ Qhﬁﬂeﬁhéthéél))haﬁ 4_ a

cul®ar af al um num pla foam 10 panel
\/\heﬁhecsor 0daReéd whi chhel s @%r%mg%ebﬁ%ya@ EhRatt&af

f@féﬂ@néﬁaglﬁﬁomﬂrﬁhéréﬁﬁﬂwcﬁﬁcﬁa@ﬂE@talré&ﬁianaadd has
haV|ng har

0
R ABEBALT PAREEN (2ar T QURGET RECEFarDR caP G o, § ETEPE
zilr(]_rdl; hte red g?ﬁ]ﬁ(ﬁﬁ.cﬁﬂ%)r gharatteinwed platehat anfle aetfalam
€
dBﬁﬁFg &(ﬁé V(T‘S%(\/\El C%Ca% S&h ug Hr u.d%ndof nehbBatnedal

I'S conpose f oam | ayer
(ﬁzﬁﬁte\hl b113)re§ta§l@|§{ th@ayret%tronpl &be (tllsan%%lc%? glements

%fg'agnhaﬁgblﬁ§7haWﬁ'%ﬁc%%%hﬁa@ﬂohhqZan@bﬁ@@%bd(b@ an
i S conposed of a material whose acoustic.i C& 1)
elagtv@fey WRART B RNHEKIS helRe oF TRAFEIS ST s G&F%ﬁlgéd 1)
ggh$eeﬂetaéfgebabrplaue ,( Ehprandetriectiodm parel thbdmetal
et sducer ar ement di I
ch&P Ete{ag Hﬁﬁ ttha OPﬁgcaouble é§g$§?15 agjp1 2§Er =
ZEQUhRekma¥Emetﬁ)|§W®HEM in compasedorit o2t heam layer
tQi%Kneﬁﬁich rests on the metal plate (13) and of a
material layer (17) which rests on the foam panel (14)
and is composed of a material whose acoustic impedance
is very much less than that of water) is arranged
between the metal plate (13) and the foam panel (14).

2. The transducer arrangement as claimed in claim 1,
characterized in that the double layer (15) has a layer
thickness which is small in comparison to the thickness
of the foam panel (14) and is preferably approximately

6 mm.

3. The transducer arrangement as claimed in claim 1
or 2, characterized in that the transducer elements
(11) are fixed to spacers (18), which are attached to
the metal plate (13) and are composed of plastic,
preferably polyurethane, and in that the height of the
spacers (18) is chosen such that the distance between
the acoustic center of the transducer elements (11) and
the reflector (12) for a broadband transducer
arrangement is small in comparison to the mean

wavelength A, and for a narrowband transducer
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of the foam panel (14) and is preferably approxi mately
6 mm 3. The transducer arrangenent as clained in claim
1 30 or 2, characterized in that the transducer

el enent s 11) are f dt 18
dW?a%?ﬁﬁV?iﬁ %%e netgrepla?esgigﬁané a%e g%%gBSZB%F383

plastic, preferably polyurephane, and in that the

hei ght of the spacers (18) is chosen such that the

di 5+ ANGEmdet Ween 135 st haac aurst | quaergier obf thhewavelength

L$ansducer elements (11) and the reflector (12) for a
vadband transducer arrangenent is small in

conparison to the mean wavelength A, and for a

ngrrowband (&t ransducsr YO 20064016646 POTL BR2@030006383 of

9 "arran enent I's |l ess than one_guart
veveieagth AChéra?ﬁérﬂFﬁﬁsdﬁbthﬁFr§ﬁ§§mﬁﬁré%9%l3f e
| Re PR Cﬁlatfe clains #hdchchmriatiser kpedrin that tidaatsducer

surface_of met al I t 1

CRecPRREddtel 181 BREREE. PIE T CEAR Of arehta ey (12)
nmabepbakdl ajen (28priednpbose efocaskiCeiMRECRRGSe 1S Very
a&ﬁgﬁti§85”9ﬁ$ﬁ”9ﬁats efYrepuch less than that of

e trans ucer arrangenent as clained in
one of clains 1-4, characterized in that the materi al

| ’slyert Thd7, tﬁa‘})scﬁmmﬁsagraﬁgﬁiaenaata&:i al awineth ad owne of
acoustic lnpe ance is a cork_|la

tFéﬁ%Hﬁcér arr %ﬂ? | épwe |n %%e. m%@grlal layer
chanacUEﬂlmmm@wsémabfthhelawmenﬂahﬂwmgg of loke agsruetic
| ySEalile 19) o SoapproxLpmiely 2 mm 20 7. The

tra acer arrangenent | ai med i n one of

6. The transducer arrangement as claimed in claim 5,
characterized in that the layer thickness of the cork

layer (17, 19) is approximately 2 mm.

7. The transducer arrangement as claimed in one of
claims 1-6, characterized in that the foam panel (14)

is composed of pressure-resistant foam.

8. The transducer arrangement as claimed in one of
claims 1-7, characterized in that the foam panel (14)
has a closed cavity (21), which is directly adjacent to
the double layer (15), or is replaced by a cavity (21)

guch as this.

9. The transducer arrangement as claimed in claim 8,

characterized in that the cavity (21) is air-filled.

10. The transducer arrangement as claimed in claim 8
or 9, characterized in that the cavity (21) is enclosed
by a frame (22) which has a U-shaped cross section with
a base plate (221) and a circumferential frame limb

(222) and the double layer (15) which rests on the free
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clainms 1-6, characterized in that the foam panel (14)

i s conposed of pressure-resistant foam 8. The
transducer arrangement as clained in one of 25 clains
1-7,_ charact zed in that the foam pangbr(&fbo0b §og333
cWQn%ﬂP?éﬂ%§§%%21) which is directly adjagent to? th
doubl e layer (15), or is repltaced by a cavity (21)

such as this. 30 9. The transducer arrangenent as
cddgredri phel &iram®, 1ichar(@2Pr izl ¢eveRat tRRePRas Pyate
( rsf OrJhe; ¢ ransducer arrangenent as
ﬁ%%%%d %% %%%1%ncé 5 characterized in that the
cavity (21) is enclosed 35 by a frane (22) which has a

U shapede Crt%s%ﬁﬁéronaﬂ&ﬁg@m@ﬁse apl atBa{@) iancome of

nf tial f li nb 2
Cabg i EnLd oot SPBROEHETTABE WebogarBl Begec r cea) Tand

PCTAEP26054 00638Ponent8  emdshof dte feaneetied (po2) the
and covers th pl 2 AtioRadbgt aRcenkr e@vit
Fra’ﬁ UThe F?gﬁgggger&g?r g%e%ﬁto s alaimed in one of
5(2Lainms 8-10, characterized in that electrical and

el ectronic conponents whi ch are connected to the
transducer el enents % are aCCﬁmmdat d rlng the cayity s
(23). "ibeléiraﬂf?éi‘%c‘r%sa ERPISPFRhgétent Tas e aifed T h
0R€a9hs tlains dhédkawhariactid®eri zad ithathat thhe transducer
transducer ements . r t b spheribdlcs,
c@?SWFEE,S (ﬁr%e?f efabl y ce%%% ?O %ﬁv %Ehgrkesé =e
preferably ceramic hollow spheres



