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1.0 Introdmtion
In thin ecntext e uneducer ie A device for cenvertins true

form of energy into a propegeung acoustic field at vice urea. the
energy being stored in electrical, chemical or neehenicel fame.
Tranedueere for transmitting epplicetiene ere often referred to u
proJectore, and those for receiving acoustic eevec ee hydrophcnu,
but the met frequently ueed tapee ere equally luitehle ee eifiler,
and thee are all electrical. The nechenieel end chendcel twpea
are used ee powerful sources, exemplee being explosives end Ivdrernlie
devices, but theee ere ueuelJy centrolled electticelly. The elec-
trical typee depend on the interaction of either chnrsee with an
electric field or polee with e magmatic field, the connectione to the
external electricel circuits being through candue'dns lei-feces end
coile reepecting—v

2.0 mugged qeteu

 

2.1 General defiedption V ' 7 . » A
Three types have lone practical eppneetiane, dielectric,

piezoelectric end electroetrictive. he dielectric nechenian, as
exemplified by the capacitor microphone for use in air, nee- the
interaction of he cute or chm-see; preeunehly becenee it offers no
advantages over the other films in regard to ecuitivity and rebut-
neee, it hee hardly ever been need underwater. Althwda this is
pceei'ble with e eolid dielectric. The piezoelectric effect, de-
pending on the distortion or en maymnetricnl eryetel letticein an
electric field, ie fuguently need, examples of eryatale with metal
yropertiee being quarts, Rochelle eelt and ammonium dilvdregen phoe-
phete (AI? . These have to e large extent been mpereeded by
meteriefe pending on the electroatrictive effect, the melanin of
which ie'domedn alignment in an electric field; the tie important
materials ere barium titenete and lead detonate. The diatom-don
ie proportich to the square of the field intensity, and I0 for
linear operation e palm-icing field met be incorporated. Since
the unpoled material in ilotl'opie, pcling on he in ena- direction, ee
me curved transducers can be nude, and this ie inpeeeihle with
yieeeeleetric uterine, in which the direction- of interaction- In
inplenee deterndnedbytheewtnmafthecryrtele. heelec-
traetrictive materiel- ere bonded with euitehle additivee'fnr impro-
ving their cherenterietiee end tired like ceramics (they In 0m
referred to A: such). and they generally have highercmling hem
their electrical end nechenicel properties than the natural crystals.
hnegenenllyncdieflmflmienedehetnentheHcWehm
epnlieetione. .  
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2.2 Nonmeonnnt applications

be desirable property here for a hydrophono is a constant

sensitivity (the redo of output voltage to tree-field acoustic

pressure) over a wide range or frequency, the upper lint being set

by the lolest frequenoy of mechanical romance of the transducer and

the lower lint ultimately by the leakage resistance of the material.

By reciprocity, suoh a transducer can tunetion as e broad-hand pro-

Jeetor if it is driven by n constant-current aouree, but this is not

comly done ennept in calibration procedural. For most materials

a solid rectangqu block with electrodes on a pair of oypcaing faces

and all tense exposed to the pressure has e very lav sensitivity,

because in effeota in the three orthogonal directions

very nearly onsel out, but li‘flainm lulphIte- is an eruption in

having a high Wetstie sensidviw. Therefore more complicated

deems ‘are required, and honor spheres and tubes with electrodes on

the curved surfaces are frequent]; need. Spheres have he advan-

tage of needing virtually no mung; any can be mpsnded‘on heir

leads in .oil in a plastic tube or a robber bog. or moulded in rubber.

'l'ubaa need and came to shield the inside from the signal pressures,

and so are best moulded in rubber-or plastic. Spheres are_ralo-

ther insensitive in giving outputs due to eeeolersnon in any air

action, hut tubes are available in a wider range of sines. Another

possible Wat is with one or he dines forming part of a pill-

‘hox shaped housing, but this-has the disadvantage that the ceramic is

in tension due to 'the Wet-do yraeaun, whereas in tubes and

spheres it is' alive in compression.

2.} Resennt_ ayplioatiene

The simlost resonant transducer is a plate driven eloetri- _

can: in the same direction as the poling, or an x-out quarts crystal,

with the thickness oomeponddng to half a wavelength, and this is

the latest frequency of resonance in the 'fnee-rree' mede. Gener-

ally it in not possible to use the 'rree-blooked' or quartamm

node, boo-sue it is not possible to have a banking material with an

eoousue impedance sigitioantly higher thanthat of the mnsduoar

mnteriel. m mum-Lug face m be m 31;: from a train of e.

wavelength (in Inter) to many wavelengths, but diffiaulues arise

when the face dimensions are comparable with the thinness of the

crystal, due to intertorenoe bowson different nodes of vibration.

_ For ainyle assemblies. such crystals may be mounted in foam rubber or

plastic, tohaepthewatarrrontha heck otthecrystalandyrovidn a

eomnliant mounting, but another method, particularly suitable for

ullti-elmnt arms, is to mount the crystal on e half-Ian passive

plate, which can form part or the housing. I! the crystal is on

the inside, radiating out through the mounting plate, the problem of

a water-tight, pressure-resisting air backing is neat]: '

solved. One a'ddithnel advantage is that the thickness of the

mounting plate, usually made of a light metal suoh an aluminium, can

be adjusted to vary the resonant Mquemy, and this is important for

lulu-element arroyo, since the manufacturing tolerances on file crys-

tals'thameolves is generally too wide. The only serious disadvan-

tage is the decrease in bandwidth. moh is of the order of half that

for a simple ceramic crystal radiating directly into water.

There are limits on the lowest frequency for which a resonant

plate c'an be made. because of the difficulty in maintaining a suffi-

cient voltage across a thick ceramic plate tar paling, and so low-

frequenoy tramsdnoore are made by mechanically loading on active

element (or a stack at them) with passive head and tail section.

thus making a 'sandn’ieh' alemnt, in Ihioh the complete assembly

resonates in its Mdamentel half-wove mode. There is much

greater freedom of design, as the mporthn or active material can
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he varied. and also anterials of different acoustic inseam" on he

used for the loading sections; in thin Iv the effective coupling

coefficient and the bandwidth can he tailored for particular enli-

cationa. For transducers with radiating heads with dimensions

less than a wavelength (in water), there is a m:- dnyee of tree—

dcn offered by the possibiliw of changing the cross-seeders; if a

large head, shaped so that it behaves as a rigid piston. is mounted

on a small crystal stack, the bandwidth in greater than that of a

stack with the same sins of head and constant cross-section. By

this mans fox-example, tthcanhe aslasas5, comparedwithzo

for a straight stack. _ -

'mhen and spheres can also he used as resonant devices, in

parficular as unidirectional sources (in a cylindrical or spherical.

sense), using either the thickness or the cinunferentlsl resonense.

For very low frequencies, below 1 as: for annipls, {isms-any vihrsp

ting hare can he assembled into harrel-‘aheyed stucturcn, which are

used for high-poser on sources.

3.0 Magnetic field. systole

5.1 General considerations

. - The mechanisms used in under-at" mariners are unnoticed

in this table : '

222'
nectrcdynendn Linear Up to 50 ma loving coil syntena

Hepatcntricuve Polarised " 200 " Resonant truancer

Dynemonstric Imvsrsihln LJ. broad hand my: intensity

or flasee, the nagnetcsts'ictive has the mat general use,

has other two having limited applications as comes.

1
3.2 _ Mnenotcntrictive transdmers

These are neat ccnncnly used as resonant transducers; they

can he used as tread—hand hydrophcnee helon resonance, hut the vol-

tage response is proportional to frequency, and this is not es useful

as file unifom response which can he obtained from electrostrictive

transducers. The material nest commonly used is nickel. annealed

to give it the required charneteriedns and rolled. out into thin

sheets, either flat lith slots for the windings and assembled into

stacks in a similar way to transformer acres, or sometime as a long

strip wound up into a retail. The polsrieins field is usually

was, by W“ mats in slots in the inductions, rather

than by direct current in the winches. for better overall “Tunney.

but it is possible to omit the polar-icing in I mJootcr ml! drive it

by sunidirectional current yulse, causing 1‘ W rl-ns 3‘ it! MW

frequency or mechanical nonsense. Perritee-N“ 313° N “50‘: 1"“

they are less robust than nickel, being Isak in tens-1°“: lfld 5"! In

less suitable for projectors. It is possible to bend and

tail masses to stacks of lamination, but this is not often done:

liagnetostrictive transducers have one not advantage over

electrostriotive types, in that with a winding of insulated rise

they need no housing, i.e. they are 'free-floodins'. w still

needing a pressure-nieces hacking for madman efficiency. 0n the

other hand, the range of shapes and since is much more restricted,

since toolinsdnp for stamping out the lannnntienn is more costly and

less versatile than for the grinding of ceramic parts. .In large

quantities they are probably rather cheaper than flu ceramic

over the same range of frequencies (approximately 10 to 100 an: , but

at the cost of a loner efficiency and a lower power rating under

electrically lint-in; conditions.
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5.) other was Munro

loving coil wetsu- hevn one spplicsfiun under water, es
breed-bend non-nsonsnt sources, which ere pertisulerly useful at is:
frequencies, Ihsn the dimensions cf the source an small {resume of
e wavelength end a considere‘hle volunu-in displacement my be
required. ' The canstructinnisveqsimmto snowing-Willow!-
speeher, hut nu: s stiff! new of metal, sir-backed end uith s
balancing system to keep the coil centre]. under varying hydro-teas
pressure without s Id.“ Immune. One commie]. denim hes e
fairly uniform response tron 100 El to 5 Km, and it is ussshle from
u s. to 20 nu. , '-

1'he Muskie devise which has some use is the desenerete
for- (non-polerised) than as file 'booner'. his consists of e
netspirnleoil, sssinetwhiehishsldhyespringunnlminiun
plate, the other side of which is in contact with the later. A
cspecim, charged to e high voltage. is discharged through the soil,
the current indexing s eumnt in the plate, which is thereby viol-
ently npelled, prodnsing en almost \midirecuonel pressure pulse in
the wear with e lids frequency spectrum. For a plate 0.25 sqm.
in and energised by s 1000 Joule soul-es, the pulse is shout i :18.
In; all equivnlent in snsrg to the detention of about i an. of
m. Somes of 10,000 Joules and ever have also been used.

3.0 Non-shuttled somes - .
Both impulsive and. sinusoidal sources can he made. For

the letter, Dude-unlinequ driven diaphragm can he used, giving
.pcusrs of several kilowatts st frequencies mind 10 x11- eud heluw.
Per mphfiequsnu sources, this is s more effective wey of obtain-
ing high some levels then by using electro-eeousfic devices.

Impulsive same- cen be summarised in his table 1

Davies Joule shot am Useful emu-um

High explosive 6.10 m. S! d 3?. . Elfin audio
Gee B? Low "

spark - 105 sw a: nr mun '
sir-gun 5.1!} _ DP how '

8' - shock wnvs, 3P :- bubble pulse

High explosive is the eldest of these, end it is still impor-
hnt, in spite of the huerds, if very high some levels are requi-
red, but for lower levels ,the alternatives ere meh preferred. The
sperlser is included here tether than under the heading of slactl'iosl
demos, becsuse it depends on the expansion‘of '53s at e emu elec-
trode, formed. when e merged eepeeitm- is discharged between this one
end e lee-gu- adjacent electrode, both being in the water. The ail-b
gun is one device which can be made to work without even eleohieel
ccntmlgj smell vellum of highly compressed air is suddenly released
into the _nter_ fin-ough e valve, the operetisn of which is controlled
by e low-pressure air supply openting against a leak from the high
pressure side. Huwever elastically triggered. versions are more
connonly used, us they csn he synchronised with other equipment.

  

 


