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When it was first decided to try andbuild: piezoelectric trans-

ducers at frequencies below 100 kfia certain electrical driving pro-

blems arose. It was clear to the early experimenters that a quartz

crystal transducer at these relatively low frequencies would haw to

be more than about 3 cm thick at resonance, and this thickness would

necessitate excessively hiya driving voltages in order to obtain

sufficient field strength for the desired sound intensity. Even with

a gate: load, the impedance ns likely to be several megohms.

Iange'vin, in e~3ritish patent of 1921, eagges‘tsd a way in

which the impedance could he reduced and more sensible driving val-

tagee employed. He showed that ii‘ a sandwich construction was use

with a ‘thin quarts-water h_el_d. between-,steel plates, than the impe-

dance would he nu-rkedly reduced. In fact by adjusting the dimensions

. cf the various parts he felt that it miglt be possible to tailor the

electricalflimpedance for any given acoustic load impedanfisfind fre-

quency by-treeting'the sections‘as ~part bf e‘trensmissiun line. He

showed that the bowel-factor would be .gytiml if the ‘front plate was

a quarter iavelength thick and the quartz. layer and )ac'lk plate had

the relationship

“21-5 m "/04 °q//’» °w
i

there and [b are the thickness of the quarts water‘snd back

plate respectively. This ensured that the quarts um and back

plate provided a composite 1/4 wavelength ssction.

The advantage of such a system or sandwich construction

become appaxent when we consider an equivalent circuit for a crystal

being driven near its fundamental rasonancs or overtones. The trans-

formation factor, coupling the mechanical side of the circuit to the

electrical is a for a symmetrical load aud'za with one surface hacked

17y air. flow; , .

a - em S/f ,' V _

where eh: is the piezoelectric stress constant relating a given field

strengt vector 3 to a particular stress componant h, S is the cross

sectional area and 15 the length or thickness of the crystal. So

that a reduction in increases a and, radically decreases the equival-

eat sensitive part of the load, sincé‘
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If the crystal was simply thinned down to start with and operated at
the mquired frequency it would be stifmesa controlled and have a
large capecitative reactance. A useful physical interpretation of
the Langevin sandwich is that the hacking plate provides the required
maea reactance to cancel the crystal] capacitative reactance.

Another type 01‘ sandwich element deaimed 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, formin together a composite l/Z bar. This migit be
driven by a crystal x 2 thick attached to the rear of the aluminium
alloy section. Such a device would have an electrical resistance at
resonance given approximately by

a. RT}! «firm/e °s' )* .

where the subscripts refer to the steel and aluminium sections.
Since a normal 1/2 reeonan crystal is used to drive. this assembly,
there is no reduction in and so no increase in o ccmparedto a
single crystal transducer. q‘l'he imyrnvemant in impedance is solely
obtained due to the factor containing the ratio of the specific
resistance of aluminium to that of steel in the above equation.

.Olwinualy there. are variations on the above themes, producing
more complex sandwiches which are desigied to have optimum electrical
impedancec, optimum mechanical Q3 and good power handling character-
istics. In these caaea it is possible to extend the Langevin analysis
to cover trennflucers with a variety or materials and a large number
I)? In order to determine the dim-melons of each section
For overall r-e::onance,-the best plan is to divide the transl‘uner into
1/4 lengths and apply the reuonance conditions:

  

22 A . t1 t2 = 1 for a («I-section l/4 length. .
21 A1 (same as Langevin equation).

01‘

23‘s.: t +Z3‘3.t t +22A2.c t =1for:2 3 1 3 -— 1 2 ,.Z? A2 Z1A1 21A] 3-: Gwen
' - V4 lungth.

Where Z , Z”, Z Are the specific acoustic resistances, A ,A2,A3
are the rosE-seétirmal areas, and t , t2, t3 are the functions
tan (2!! 3/5) etc., (“or each section.
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The calculation of the electrical i'pgdance which will be
seen at the terminals of a modem sandwich transducer, under
certain loading conditions, is rather more difficult to evaluate
accurately due to the number of different materials and sections
involved, through whichthe load impedance of the medium is -
reflected. By solving the wave equation tor the specified boundary
conditions and piezoelectric and mechanical constants involved,
it is possible to derive an equivalent circuit in terms of trans-
mission line mnctions representing each section of the composite
transducer. 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 circuit can then he used
to gain some insight 'into the impedance which will be presented to
the generator, and also the electrical and mechanical Qs. However
such an analysis is lengthy and usually yields only approximate
,valuss for a reasonably complex transducer. It is nevertheless or
value as it gives the des'igxer an idea of the factors affecting the
most important operating parameters and so allows him to 'trim'
the desip. '

Que problem with sandwich transducers - which because of
their advantages are invariably used for big: powers - is that the
my: stress regions usually come at interfaces between the sections.
So for this reason, and also to inhibit the crystal 'or ceramic from
going into tension, transducers are usually preatr‘essed by an internal
bolt or outer sheath. In the author's experience a good adhesive is
still required between the various sections but this no longer acts
so much asa clue as a good acoustic coupler, and in that sense is
vital to provide low mechanical loss. v

in terms of power handling capability a modem sandwich trans-
ducer may be limited by

internal strain,
dielectric loss,

or mechanical loss.

With the excellent modern piezoelectric ceramics available, like

lead zirconate titarAte with s Curie teperature of about 300°C
and. very low tan Svalues at high field, dielectric loss is rach
a limitation, particularly as most transducers art-Lam at a low
duty cycle. A well designed andeell made unit shouldhave low
mechanical less, so it is more likely that even with prestzsssine
internal strain may provide the limitation, since there is always
spractical limit to the amount of compression which can sensibly
he applied. One of the National Institute of Oceanograplw's
G.L.O.R_.I.A. transducer elements used in a long range side scan
sonar has been run at depth-st a duty cycle of 11 6 for 48 hours,
radiating 1000 acoustic watts, at 7 kHz into water throng-L a diaphragm
15 cm in diameter. During this trial thevintsrnal temperature of

'the lead zirconata titanate stack, which is 5 cm in diameter and
10 'cm long, rose only 30°C above the ambient temperature. Proof

’of the remarkable high field properties of the latest ceramics avail-
able to the.desiy|sr. - '
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Sandwich tnnsdunan of all shapes and sizes are in use in

sciqu and industry today. They are used to radiate h1g1 payers

into wear, at to drill flame: rock, and they can be found. in

may nomioal’mgineerlng applications min}: as extm'siun pro-

cesses and. welding. Theyfind use in numerous medical applicatim

at high frequencies; and even in the moat madam fame of rubble

chambers desigled to dated: the means: of atomic nuclei as they

panem 15an blag-<13“.

 


