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When 1t wag first devided to try and bulld: piezcelectric trane-
ducers at frequencies below 100 ks certain elegtrical driving pro-
blems arose. It was clear to the early experimenters that & guarte
erystal transducer at these relatively low frequencles would have to

. be more than about 3 cm thick at reaomancs, and this thiclkness would
necegsitate excessively high driving voltages in order to obtain
guf ficient field stremgth for the desired sound intensity. Even with
a water load, the impedance was likely to bhe peveral megchma,

langevin, in a-British patent of 1921, euggested a way in
which the impedance could ba reduced and more sensible driving vol-
tages employed. He showed thet if a pendwich constriction was uee
with a thin quartz-wafer held between: oteel plates, then the impe-
dance would be markedly reduced. In fact by adjusting the dimensions
. of the varicus parte he felt that it might be possible tp Lailor the
electrical impedshoe for eny given acousgtic load impedang end fre-
" guency by -tTeating -the sections as ‘part of &-trensmission line. Be
~ phowed that the power factor would be eptimal if the front plate was
" @ querter wavelength thick and the quarts layer and pack plate had
the relationship .- -
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wrore L and £ are the thickness of the quarts waferwnd back
plate reBpectively. This ensured that the guartz wafer and back
plate provided a composite 1/4 wavelength eection.

The advantage of such & gystem of sandwich eonetruction
becomss apparent when we oonsider an aquivalent cirouit for & orystal
being driven near its fundamental resonance or overtones. The trans-
formation factor, coupling the mechanical aide of the oircult to the
electrioal 1s a for & symmetirical load and 2a with one ‘surface backed

by air. How .

. a = ohj S// N T . )
where is the plezoslectric stress ccnatant relating & glven field
strength vector § to,a particular gtrese componant h, 5 ie the cross
sectional Bres and 4£ the length or thickness of the ocrystal. So
thet a reduction in Yoinoreases z and radically decreases the equival-
ent sensitive part of the load, ai.nce“
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If the crystal was simply thinned down to start with and operated at
the required frequency it would be stiffness controlled and have a
larpe canacitative reactance. A useful physicel interpretation of
the langevin sandwich is that the backing plate provides the raquired
mass reactance to cancel the erystall capacitative reastance.

Another type of sandwich element desipned to achieve the same
end is one where a middle section of low impedance material is used.
As an example the front plate might be steel, backed by an aluminium
alloy section, forming together a composite A/2 bar. This might be
driven by a erystal A/2 thick attached to the rear of the aluminium
alloy section. Such & device would have an elactrical resistance at
reacnance given approximately by :

Ry 2_4%_ (aCa/fss

where the subserivts refer to the steel and aluminium sections,
Since a normal A/2 reaona? oryatal is used to Arive this assesbly,
there is no reduction in _/ and so no increase in a eomrared .to a
ringrle crystal transducer, Yhe improvement in impedance is solely
ohtained due to the factor conbtaining the ratio of the specific
resistance of aluminiuvm to that of steel in the above equation,

. Obvioualy there are variations on the above themes, producing
move compley sandwiches which are designed to have optinum elzctrieal
impedances, optimm mechanicel Qe and zo00d power handling charscter-
isties. In these cames it is possible to extend the Langevin analysis
to cover transducers with a variety of materials and a large mumber
of aeabiqme,  In order to determine the dimensions of emch seetion
For overall weuonance,-the best plen is to divide the transiurer inko
34 lengths and arply the resonance conditions:

iy A,y t, ty = 1 for a 2.aection A/4 length,

Z,l 11 (same as Langevin equation),
or
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Whare 2., 2., &
are the hrosese@tional areas, and t
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are the spec'i.f.',ic acoustic resistances, A 'AE'AB
1 t2' 1:3 are the ﬁmcgions
/7‘;:) ete., Cor =ach section.
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The calculation of the electrical impelance which will be
seen at the terminals of a modern sandwich transducer, under
certain loading conditions, 1s rather more difficult to evaluate
accuratlely due to the number of different materials and sections
involved, through which the load impedance of the medium is .
reflected. By solving the wave equation for the specified boundary
conditions and plezcelectric and mechanical constants involved,
it is possidle to derive an equivalent circuit in terms of trans-
missign line functions representing each section of . the composite
transducers The circuit can usually be simplified for the parti-
cular frequency used, and the functions approximated by ladder net-
works or lumped elements. The equivalent cimcult cen then he used
to gain some inoight into the impedance which will be presented to
the generator, end also the electrical and mechanical Qs., However
such an analyeis is lengthy and usually yields only approximmte

.¥alues for a ressonably complex transducer. It is nevertheless of
value as it gives the designer an ided of the factors affecting the
most important operating parameters and 80 allows him to "trim!
the design.

One problem with sanmdwich transducers - which because of
their advantages are invariably used for high powers = is that the
high stress regions usually come at interfaces between the seections,
So for this reason, and also to inhibit the crystal ‘or ceramic Crom
going intn tension, transducers ars usually prestreesed by an internal
bolt or outer sheath, In the author!s experience a good adhesive is
still required between the verious sections but this no longer acts
so mch as a glue as.a good acoustic coupler, and in thut sense ‘Ls
vital to provide low mechanical loss, -

In terms of power handling capability a modern eandwich bans-
ducer may be limited by

internal strain,
dielectric loss,
or-mechanical loss.

?-‘ith the excellent modern plezoelectrm ceramics. avullahle, like
lead zirconate titapAte with a Curie temperature of about 300%

and. very low tan & values at high field, dielectric loss is rarely

& limitation, particularly as most transducers are run at a low

duty cyele. 4 well desipned and well made unit should have low
mechanical loss, so it is more likely that even with prestressing
internal etrain may provide the limitation, since there is slways

a. pmctmal limit %o the dmount of compression which can sensibly

be applied. Onme of the National Institute of Oceanography's
G.L.0R.ILA, transducer elements used in a long ranpe side scan
sonar has been Tun at depth-at & duty cycle of 1.} 6 for 48 hours,
radiating 1000 saocustic watts at 7 kHz into water through & disphrasn
15 co in diameter. During this trial the internal temperature of
the lead zircomate titanate stack, which is'5 om in diameter and

10 co- long, rose only 30°C above the ambient temperature, Proof

“of the remarkable high field properties of the latest caramics avail-
able to the. designer.
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Sapdwich tmansducere of all shapes and eizes are in use in
soience and industry today. They are used to radiste high powers
into water, or to drill through rock, and they c&n be found in
many mechaniocal emgineering applications such as extrusicn pro-
cepses and welding, They.find use in nmmercus medical applications
at high froquencies, and even in the most modern forms of Tabble
chinmbers designed to detect the presence of atomic muclei as they -

pas th;onah liquid hidrogen, N




