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1.0 Introduction

In this context & transducer is a devios for oonverting one

form of energy into a propagating scoustio field or vice versa, the
energy being stored in eleotydoal, ohemical or mechanioal foras.
Tranaducers for tranamitting spplicationa are of'ten referred to as
projectors, and those for receiving mooustio waves as hydrophonas,
but the most frequently used types are equally sultable as either,
and these are all slectrical. The mechenical end chemical typea
are used as powerful sourvas, examples being explesives and hydraulia
dovices, but theso are usuaslly controlled slectrically. The aleo-
trical types dspend on the interaction of either oharges with an
elesctrio fleld or polas with s magnetio field, the conoectlons to the
extornal electrical circuits being through condnoting suxrfaces and
aoils mspeauvelg_‘

2.0  Eleotris, #%1d aysteas

2.4 General deSordption . -
Three typos have some practical applioations, dislectric,
plezoelectrie and electrostrictive, Ths dlelootrio mechaniem, as

sxemplified by the capacitor mlorophone for use in alr, usea the
interaction of two sets of charges; presumably because it offers no
advantages over the other types in regard to sensitivity and robust-
neas, it has hardly ever been used underwator, although this is
posaible with a solid dlslectris. The piezceleotrio effect, do-
ponding on ths digtortion of an unaymmetridcal orystal lattice in an
eleotrle fisld, 1s frequently used, examples of orystala with ussful
propertiss being quarts, Rocholle salt and ammonium dihydrogen phos-
phate (ADP). Thesa have to a large extent been supersedsd by
materialy tepending on the electroatrictive effect, the mechanism of
which is'donain elignment in an electric fleld; the two important
materials are barium titsnate and lesd girconats. The distortion
ia proportienal to the square of the field intensity, =snd ac for
linoar operstion a polariaing fleld wust be incorporated. Since
ths unpoled material is imotropic, poling can be in any direction, ao
that curved transducers can be mede, and this is izpossible with
pisroeloctric materials, in which the diregtiona of interzoticns are
in planes determired by the struoture of the orystala. The elso-
trosiriotive materlais are bonded with suitable additives ‘for impro-
ving their charsotaristics and fired like ceramlos (they are commonly
refsrred to as such), and they generslly have higher coupling botween
their slettrisal and mechanicel properties than the natursl crystals,
tut generally oo distinotion is made between the two types in their

applications. .
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2.2 Ron=-rescnant spplloations

The desirabls property here for a hydrophons 1s a oonstant
sensitivity (the ratic of output voltage to free-field acoustlo
pressure) over a wids rangs of frequenoy, the upper ligit being set
by the lowest frequenoy of meohanisal rescnance of the tramsduser and
the lower limit ultimately by tha leskage reslstance of the material.
By reciprosity, such a tranaduoer can function as a broad-baend pro-
jeotor if it ia driven by a constant-ourrent sourse, tut this is not
commonly done except in oalibration procedures. _For most matorisls
& sclid rectangular bleck with slectrodes on 8 pair of opposing feces
and all feoes expossd to the pressure has a very low senaltivity,
beceuss -the plesoelestris effeota in the thres -erthogonal directions
very reoarly oancel cut, but lithium sulphate 18 an exception in

having & high hydroatatis sensitivity. Therefore more complicated
deslgns are required, and hollow spheres and tubes with eleoirodes on
the ourved surfaces are frequently usad. Spheres have the adven-

togs of needing virtuslly no mounting; they oen be suspended on their
leals in ol in a plastia tube or a rubber bag, or moulded in rubber.
Pubes need end oaps %o shicld the inside from the slgnal pressures,
and 80 are best mouldsd in rubber or plastio. Spheres sre rele~
tively insensitive in giving cutputs due to scosleration in any dire
ection, but tubes are evailable in a wider range of sigea. Anothsr
poesible arrangement is with ome or two disos forming part of a pill-
box shaped housing, but this bas the disadvantage that the ceramie 1s
in tension dus to the hydrostatic pressure, whereas in tubes and
sphorss it 15 always in oompressicn, ) . .

2.5  Rescnant applisations - -
Tha simplest resonant trunsdvcer is a plate drivan eleotri-

0aldy in the sama direotion as the poling, or an X-out gquarts oryatal,

with the thickmess oorresponding to half a wavelength, and this is
the lowast frequemoy of rescnance in the "free-free” mode. Genor-
'ally it is not possible to use the "frea-blocked" or quartar-wave
moda, becanss it is not possidls to have a baoking material with an
soouatio igpedance signifioantly higher than.that of the transducer

material. ‘Thg Tedistinz fage mey be any 8423 f¥om a frectiem of & - . —

wavelength (in water) to many wavelengths, but difficulties arise
when the face dimensions are comparsble with the thiclmess of the
erystal, dus %o interference between different modss of vibration.

_ For aimple assemblies, puch orystals may be mounted in foam rubber or
plastio, to keep the water from the back of the crystal and provide &
compliant mounting, but ancther msthod, partioularly suitable for
multi-element arrays, is to mount the oryetal on & half-wave paasive
plate, which oan form part of the housing. If ths crystal is on
the insides, radiating out through the mounting plate, the problem of
providing a water-tight, pressure-resisting alr becking is nsetly
solved. One adfitional advantage is that the thickness of the
mounting plate, usually made ¢f & light metal such as aluminium, o&n
be adjusted to very the resonsnt freguenoy, and this 1s importent for
mlti-element arrays, since the manufacturing telerances on the erys-
tals thomselvas ip generally teo widas. The only sericus disadven-
tage 1s ths dscorecse in bandwidth, whiob ias of the order of half that
for & slmpls coramio crystal radiating direotly into water.

There are lirits on the lowest frequenoy for which a rescnant
plate cen be mads, beosuse of the difficulty in maintaining & guffi-
olent voltage aoross a thick ceramio plate for poling, and 80 low=
frequency transdugsers oare made by mochaniesally logding an eotive
elemsnt (or s stask of them) with pessive head end tail sections,
thus makipg s "sandwich” element, in whioh the coxplete assembly
resonates in 1ts fundamentsl half-wave mods. There is much
greatar fresdon of design, as the proportion of sotive material cem
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be varied and also materisls of different sooustis impedmnoes can be
used for the loading seotlons; in this way the effectivs acupling
oceffioient and ths bandwidth o be tallored for particular appli-
eations. For trensducers with radiating heads with dimensicma
loas than a wavelength (in water), there is a fuither dsgres of free-
dom offered by the possibility of ohanging the oruss-section; if a
large hoad, shaped so that it behaves as a rigld piston, 1is mounted
on & small orystal stack, the bandwidth is greater than that of &
stack with the seme size of head and constant oross-section. By
this moans for example, the § oan be as low as 5, compared with 20
for a straight atack. . :

Tubes end spheres ¢an alao be used as resonant devioesa, in
particular ss omidirectionsl sources (ih a cylindrical or spherioal
sense), using either the thicimess or the olrcumfarentisl rescnanse.
For very low frequenoles, Gelow 1 EHs for exmmpls, flexurally vibra-
ting bars can be assembled into barrel-ahaped strusturea, which are
used for high-power CFf asources.

3.0 Magnetio fleld systeas

34 General oonsiderations o
.7 The mechanisms used in underwiter transdumara are summarised
in thia table : . ' :

Iype - Gategory  Prequmey = Bxamle

Eleotrodynamnio Livoar Up to 50 KH: Moving c¢oll systems
Magnetostriotive Polarised ® 200 " Resonant transducers
Dynamome trio . Irreversibls L.F. broad band High intanalty

0f these, the msnotoatrlntd.ﬁ wpe has the most general use,
the other two having limited applicaticns sa sources.

;
3,2  Magostostriotive transducers

Thags are most commonmly used as resonsnt transducers; they
.san be used as broad-band hydrophones below resonence, but the vol-
tage response is proportional to frequensy, and this is not a3 useful
a5 *he uniform response which cen be obtalned frem alsctroatrictive
tranaducers. The material most commonly used is nickel, annealed
to give it the required charecteristiss and rolled out into thin
sheets, epither flat with alots for the windings and asseubled into
stacks in a simiiar way to transformer cores, or somatimos a8 a long
atelp wound up into e 20r0ll. The polarising field is usually
provided by pernanent magnsts in slota in the laminationa, rather
then by dlreot current in the wiidings, for batter overall efflolency,
but 4t is possidble to omit the polarising in a projeotor and drive it
by & untdirectionsl ourrent pulss, causing 1t to ring at its natural
frequenoy of mechanioal Tesonance. Perrites con ulse be used, but
they are less robust than nicke), being week in tension, and 5G are
less suitable for projectors. Tt is possible to bond Ksad and
$ail masses to stacks of laminations, but this is not often dons:

Magnotostrictive transducers have ane great advantage over
sleotroatrictive types, in that with a winding of insulated wire
they need no housing, i.e. they are "free~flooding”, though still
nesding a pressure-releass backing for maximm efflolenay. On the
other hand, ths range of chépes and sizes is much more restricted,
sinoe tooling-up for stamping out the laninationa is more coatly and
less versatile than for the grinding of ceramio parts.  In large
quentities they are probably rather cheaper than ths cersaioc
over the same range of Crequencies (approximately 10 to 100 Kgr. but
at the gost of a lower effioiency &nd a lower power rating under
electrically limiting conditions.
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3.3 Other magnetic transducers

Hoving coll systema have cne applisation under water, as
droad-band non-resonant sources, which ere partioularly useful at low
frequenciss, whan the dimensions of the sourve are small frastions of
a wavelength and a oonsiderable veolumetrio displacement may be
roquired. - The oconstruction is very similar t0 s moving=coil loud-
spenker, but with & atiff dlsphregm of metal, alr-backed and with a
balancing aystem to keep the coll central under varying hydrostatic
pressure without & §tiff mounting. - (ms oommervial design has a
fairly wniforn reaponse from 100 Hs to 5 KHz, and it 13 useable from
LO Hs to 20 KHs. ) E

The Qynamometrio device which Yas soze use is the degenerate
form {non-polarised) kmewn as ths "boomer”, This oonsists of a
flat spiral ¢oll, againat whioh ia held by & spring an aluminium
plate, the othor side of whioh is in contaot with the water. A
oapacitor, charged to a high woltege, is dlscharged through the ocoll,
the current induoing a ourrent in the plate, which is thereby viol-
ontly repelled, producing on almost unidirectionsl pressure pulse in
the water with a wide frequency spectrum. For a plate 0,25 aq.m.
in area snergised by a 1000 joule source, the pulse is about 1 mS,
long and equivalent in energy to the datonation of ebout 1 gm. of
TNT, Sources of 10,000 joules and over have elsoc been used.

kb0 Ron-alsotrical sources .

Both impulsive and sinuacidsl sources can be mads. For
the latter, hydraulioally driven diaphragms can ba used, giving
powars of soveral kilowatts at frequencies around 10 KHs and below.
For swept-frequenoy sources, thls iz a more offeotive way of obtain-
ing high source levels than by using eleotro-socustis davices,

Impulaive sources can be summarised in this tadle :

Devios Joulsa/shot Iype Useful spectrum
High axplosive 6,10 /Eg. 3 amP. . Entirve aulio
Gas Bp Low  ®
Spark 10° W & EP Entire *
Mregun ) 5.10* . © HP Low .

5% = shook wave, ' PBP = bubble pulse

High explosive is the oldsat of thems, and it is atiil {ompor-
tant, in apite of tho hazarda, if very high source levels are regul-
rod, but for lower lovels the alternstivea are mmh preferred. The
sparker ia included here rather than undor the heading of elsotrioal
devisea, bacause it depends on the expansion of gas at a small sloge
trode, formed when a suarged capaclitor is discharged between this one
and & larger adjooent slecircds, both being in the water. The aire
@i 1s one device which can bo made to work without even elactrical
oontrol; a small volume of highly ocmpressed air 1is suddenly released
into ths water through a valve, the operation of which is contrelled
by & low-pressurs air supply operating sgainst & lesk from the high
pressure aside, However olectrically triggered versiona are more
conmonly used, as they can be synchronised with other equipmont.



