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DESIGN OF BENDER TRANSDUCERS
AND THEIR RELEVANCE 7O LIGETWEIGHT DESIGN
BY W. F. CRASTER

Compromise between mechanical and physical constrainta is most
important in Electro-acoustic Transducer dealgn. These mechanical
constraints have to ba oreated to prevent power/weight or pawer/mpace
becoaiag too low., To establish cur lightweight deaigns various
tranaducer types bad to be tested; these included Tonpilts, Ring, and
Bender transducers.

"Figures of merit" for transducer myastems are difficult to
define, however it is convenient to use watta/lbs.

4n Electro-acoustic Tranaducer converts eneryy in terms of
voltage and curreant into force and velocity end they can be daaigned
ualag the principles nf :=-

(1) Explosiona
or (ii) Electro-magnstice
or {i1i) Hydroacoustics
and ﬂiv) Piezo-slectrics

R.5. Woollett provides a paper which summerises the advantages
of (1), (ii) and (iii). We are concemed with plego-electric henders
and how they can be fittad into the above categoery (iv) which is also
ococupled by the Tonpiltz transducer.

Tonpiltz or pistun type trensducers fitted into mediun power
30 watt systuema have been replaced by bending plete transducers with
50+ savings in weight and space. This saving depends upon frejuency,
platons having a deaign advantage at frequencies above 30 KHz, The
lower frequeacy limit of 600 c¢f3 for Bender design is fixed by
restraints of ceramic diameter and thickness.

The Bendec Concept

Banders can be nade to various wechanical configurations snd
we shall reatrict** this survey to the metal ¢eramic sandwich ..here
the ceramic is lezo-electmc f__A
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We have produced ayotems with a measurable degree of shear but
it i difficult to produce A/2 benders at 10 KHz without resorting tg
techniques cutlined later,

The formulas giving the electrieal and mechanical breakdown of
theae "Discs" give a firet order approximation to the transducers'
power performance,

Fower performance ia further influsnced by

(i) The method employed in cementing together the
alements of metal and ceramic.

(11) The positicn of the neutral axia",
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"(i41)rvfie witvart. o thaserawERasilvering to the
ceranic element.

snd  (ivMafinofomeinosdie elinerMpLtc A driven at
= We usnally exceed 10° cycles to
““ﬁﬁﬁﬁ thar this is the failure meghaniam
in any particular design. ‘

- This latter test employed in (iv) measures the compound effeqtd
of (i), {11) and (1i1). We have found that resin glues do not behave
well during theme fatigue tests - hence the elimination of all ApoxKy
Tesins from practical systems. (Perhaps due to their temperature
fatigue sensitivity and low comparative shear strength).
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The element B is fixed into a body by soldering, this produses
8 "lossless" transducer as long as the body ls rigid, Flexural
rigidity of the body must be high since low rigidity produces high
q's in water and low efficiencies. A reducticn of the resonant
frequenay f£q occurs if the wrong body design is employed.

We agsume that the dynamic mass of the body Mp must exceed the
bender mass Mg by a factor of 10, .
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Qur bender is now within a rigid structure and should be
exhibiting a rescnant freguency £ or f3 dependent upon the degres
of shear. +#e can build in hydrostatic equalisation and use it to
an acoustie advantage,
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Hydroatatic pressurs acts upon the plastic window and is trans-
mitted to the case. The pressure does not influence the position of
the bender singe oil ocan pass through the low pass filter holea A' to
the cavity Cq. This cavity €y has & stiffness K, which is a function
of its length 1 and diameter a

2
kg = 2,58 x 109 a.T nowtons/meter

If Kp ia the ptiffness of the bender and we mssume that the Cq
cavity at 4 is stiffness controlled then

Ko
Xp
becomes another deaign tool,

K
‘inen K_; =A-1 wodifications can ba made to £4.

This modification tends to increase the lowsr and upper limits
of bender system operation, creation of 30 KHz tranaducers now
bacomes possible.

Silicon oil can be mixed with other fluids to meke warisble
compreasibility oils. The use of such an oil enables 15% frequendy
tuning to be built into poma of the M.5.82 designa. It ia then
feasible to fregquency tune tranaducers by uaing these fluidas.

The cavity C; exists in some of our present M.S.82 transducers
to promote a broader pressure response and & lower frequency drop
shen the transducer is put in water. The nowmmal frequency falls from
*fra to fyw =and can be reduced by the use of these hornd; this has
the effect of ruising the upper frequenoy limit from 30 KHz broadsr
pressure responses,aad benefits from horns become apparent at Kg
values greater than 1.3.

The use of plastics for windows gives the design & practical
protection preventing water from wmeeting any metal surfaces.
Plagtics give a low impedance mismateh to the energy being trans-
mitted from the bender to the water. This plastic oan create inter-
ference effects within ths transducer and’ the follewing have been
tested: Nylon, polypropyléne, A.B.S., Perspex, P.T.F.E., and glass
filled combinations of some of these. The wrong plastic choice
effects the loading and hence the J sad resonant frequency of the
finished transducer. Plasties such as nylon and parspax work well
and an explanation may be that the former has good water absorption
and the latter no macroscopic volds.
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fra = Rescnant frequeney in airy fry = Rescnant freq. in water



