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(54) PIEZO-ELECTRIC TRANSDUCERS

(71)  We, INTERATOM, INTERNATIONALE
ATOMREAKTORBAU G.m.b.H., a German
company of Bergisch-Gladbach, Germany
(Fed. Rep.), do hereby declare the invention,
for which we pray that a patent may be
granted to us, and the method by which it
is to be performed, to be particularly de-
scribed in and by the following statement: —

The present invention relates to piezo-
electric transducers.

Some ceramic substances, for example
lithium niobate, exhibit piezo-electric pro-
perties in the same way as quartz crystals,
that is variations in charge are produced
along an electric axis when they are sub-
jected to stress in the direction of a mech-
anical axis, or conversely they react mech-
anically to variations in electric charge by
expanding or contracting. An advantage of
such materjals, e.g. lithium niobate, over
the other known pijezo-electric materials is
stability at high temperature, when certain
conditions are maintained, as will herein-
after be explained.

More particularly lithium niobate can be
used to construct instruments of small di-
mensjons which have high sensitivity. Also,
its transmission characteristic extends to
frequencies sufficiently high to make it par-
ticularly suitable for use in electroacoustic
transducers, with the aid of which noises
due to disturbances such as, for example,
vibrations due to boiling in liquid-metal-
cooled nuclear energy plants, can be detec-
ted. Such “boiling noises” are to be ex-
pected primarily in the early stages of dis-
turbances in operation, and in the higher
frequency range they contrast more clearly
with the background noise emanating from
pumps, etc.

However, liquid-metal cooled nuclear re-
actors are operated at temperatures of the
order of 900 K, and it is found that lithium
niobate is decomposed by reduction at
such temperatures if the ambient oxygen
partial pressure is lower than that in the
ceramic material itself. In order to deal
with this problem it has already been pro-
posed to dispose the lithium niobate in

closed steel capsules having introduced ad-
ditional oxygen-emitting materials, for ex-
ample nickel oxide, into the steel capsules
to compensate for the absorption of oxygen
by the steel (see J. Bishop/G. H. Broom-
field/J. Foley: ‘“‘High-temperature Acoustic
Transducers for use in LMFBR”, IAEA
Specialist Meeting on In-Core and Prim-
ary Circuit Instrumentation of LMFBR’s,
December, 1975). However, this process
has not been as succesful as anticipated. An
alternative method of maintaining the neces-
sary oxygen partial pressure is to feed air
or pure oxygen to the capsule from the
outside. However, this method is unsuitable
for use in liquid metal-cooled reactors
since the liquid metal has a high chemical
affinity for oxygen, and this may result in
problems with respect to the maintenance
of the necessary oxygen ducts.

According to the present invention, there
is provided an electroacoustic transducer
comprising a ceramic piezo-electric trans-
ducing member sealed in an envelope which,
at a temperature at which the ceramic ma-
terial of the transducing member would de-
compose in the absence of ambient oxy-
gen, is substantially impermeable to and
substantially non-absorbent of oxygen, the
transducer being such that partial pressure
of oxygen in the envelope prevents decom-
position of the ceramic material at the said
temperature.

The envelope may be made of an elec-
trically conductive material, so that it can
at the same time provide an electrical con-
nection to the piezo-electric ceramic trans-
ducing member. A preferred group of metals,
from which may be chosen a material of
the envelope is the noble metals. The
envelope, then, is preferably made from a
noble metal in the form of thin sheeting.
In addition to good electrical conductivity
such metals possess sufficient resistance to
radiation for use in nuclear reactors, and
good reistance to corrosion.

When operating temperatures of up to
950 K are to be expected, a recommended
material for the envelope, which is to be
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substantially impermeable to and substan-
tially non-absorbent of oxygen at such ele-
vated temperatures, is sheet platinum.
Owing to its relatively low melting point,
gold is less suitable for this purpose, and
rhodium is somewhat difficult to process.

The envelope will not generally be in
tight overall contact with the piezo-electric
transducing member because, as will herein-
after be explained, the envelope will gen-
exally bte provided with ducts for electric
conductors to pass in and out. Any voids
accordingly present in the envelope may be
filled with oxygen, so that the lithium niob-
ate is doubly protected from decomposi-
tion.

The transducer may comprise two cer-
amic piezo-electric transducing members
arranged so that their respective electrical
polarities, when the transducer is in use, are
oppositely directed, separated from one an-
other by a metal foil sandwiched between
the two said members which foil is prefer-
ably made from the same material as the

envelope and is used as an electrode. The

difference of electric potential which is set
up across the transducing members owing to
the action of mechanical vibrations can
thus be picked up between two electrodes
constituted respectively by the envelope and
the foil between the two members. A con-
ductor insulated from the envelope can be
led therethrough from the foil, to the out-
side.  The envelope may consist of two
halves which are conductively connected
together by soldering for exemple.

The electroacoustic transducer may be
provided with a sound-transmitting dia-
phragm for receiving or emitting sound, the
or each piezo-electric ceramic transducing
member contained in its envelope being
pressed against the diaphragm by means of
a stressed spring in the transducer, so that
a satisfactory transfer of vibrations from
the diaphragm to the or each transducing
member is provided.

For a better understanding of the present
invention and to show how the same may
be carried into effect, reference will now be
made, by way of example, to the accom-
panying drawing in which:—

Figure 1 shows an axial section, through
an electroacoustic transducer, in a plane
corresponding to line B—B of Figure 2,

Figure 2 shows a cross-section taken on
line A—A of Figure 1, and

Figure 3 shows a plan view of a portion
of the transducer of Figures 1 and 2, partly
in section along line C—C of Figure 2.

- A transducing unit consists of two trans-
ducing members 1 and 2, of lithium. niobate
(LiNbO,), between which there is sand-
wiched a noble metal foil 3 forming one
of two electrodes of the transducer. The
transducing unit is sealed in an envelope 4,

also consisting of noble metal, formed from
two shells hard-soldered together and in
tight contact with the greater part of the
outer surface of the unit comprising the
members 1 and 2, and serving as a second
electrode. Current is supplied to this elec-
trode by means of a metallic housing 9,
which is made of material chosen so as to
meet the requirements with regard to re-
sistance to corrosive attack by the medium
in which it is employed. The envelope 4
includes a duct 6 with a ‘“‘metal-ceramic”
stopper 5, fabricated, for example, by
powder metallurgy techniques, by means of
which a supply conductor 15 is led to the
first electrode 3 while being electrically in-
sulated from the envelope 4. The envelope
has another duct 7 by means of which (in
a manner not shown here) its interior can
be evacuated and thereafter filled with
oxygen. The duct 7 is then sealed by
fusion.

Separated from the main part of the hous-
ing 9 by thin-walled portions 8 is a thick-
ened portion 10 in the form of a diaphragm
which, when subjected to sonic and ultra-
sonic vibrations, mechanically loads the
lithium niobate members 1 and 2 by way
of the interposed envelope 4 and thereby
produces piezoeleciric effects in the lithium
niobate. The mechanical coupling between
these parts is improved by means of a plun-
ger 11 which presses together the members
1 and 2 and thereby presses both against
the diaphragm 10. The plunger 11 is
loaded by a spring 12 comprising a material
resistant to high temperature, for example
a nickel - chromium - cobalt alloy. The
strength of the pressing force can be adap-
ted to requirements by means of a screw-

threaded plug 13 which serves as an abut-

ment for the spring 12 and which can be
§crev9ved to a variable depth into the hous-
ing 9. . ,

" The housing 9 is secured at one end to a
tubular handle 14 (not shown completely)
through which an electric conductor 15 ex-
tends, and by means of which the trans-
ducer can be brought to the place of use,
for example for monitoring the flow of
coolant in the fuel element of a liquid sod-
ium-cooled nuclear reactor.

WHAT WE CLAIM IS:—

1. An electroacoustic transducer com-
prising a ceramic piezo-electric transducing
member sealed in an envelope which, at a
temperature at which the ceramic material
of the transducing member would decom-
pose in the absence of ambient oxygen, is
substantially impermeable to and substan-
tially non-absorbent of oxygen, the trans-
ducer being such that partial pressure of
oxygen in the envelope prevents decompo-
sition of the ceramic material at the said
temperature.
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2. A transducer as claimed in claim 1,
wherein material forming part of the said
envelope is electrically conductive and pro-
vides an electrical connection to the trans-
ducing member.

3. A transducer as claimed in claim 1
or 2, wherein the said envelope is made
from a noble metal in the form of thin sheet-
ing.

4. A transducer as claimed in claim 3,
wherein the said noble metal is platinum.

5. A transducer as claimed in any pre-
ceding claim, wherein voids present in the
said envelope are filled with oxygen.

6. A transducer as claimed in any pre-
ceding claim, further comprising a second
such transducing member sealed in the said
envelope and arranged adjacent to the trans-
ducing member of claim 1 but separated
therefrom by a metal foil that is sandwich
between the two transducing members to
serve as an electrode of the transducer, the
arrangement of the two transducing mem-
bers being such that their respective electri-
cal polarities, when the transducer is in use,
are oppositely directed.

7. A transducer as claimed in any pre-

ceding claim, having a sound-transmitting
diaphragm against which the transducing
member of claim 1 is pressed by means of
a stressed spring in the transducer.

8. A transducer as claimed in any pre-
ceding claim, wherein the or each transduc-
ing member is made of lithium niobate.

9. An electroacoustic transducer, sub-
stantially as hereinbefore described with re-
ference to Figures 1 to 3 of the accompany-
ing drawing.
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