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The present invention relates to an acoustic antenna with integrated printed cir-

cuits and, in particular, to a low-cost acoustic antenna.

The acoustic transduction technology traditionally used in underwater applica-
tions and offering the best compromise between radiated acoustic power and
useable bandwidth is the "Tonpilz". Such system is a revolution-symmetrical elec-
tro-acoustic converter of the mass-spring-mass type that generally operates in

expansion/compression mode.

Such a Tonpilz transducer has been schematically shown in Figure 1. It essen-
tially comprises a stack 1 of piezoelectric (or electrostrictive) ceramic discs,
clamped between a thick disc 2 acting as a counterweight and a disc 3, thinner
than the disc 2, acting a horn. All these discs are provided with a central opening

for the passage of a clamping rod 4 providing the clamping thereof with a nut 5.

Each of the elements shown in Figure 1 plays a particular role: the driving function
is provided by the pillar 1 of piezoelectric ceramics electrically connected to each
other by electrodes 1A formed on the opposite plane faces thereof. The ceramics
are wired in parallel. The horn 3 provides the acoustic coupling with the environ-
ment and also permits the bandwidth enlargement by natural mode referred to as
"flexural vibration mode". It is the element that determines the radiated field (di-
rectivity pattern) geometry. The counterweight 2 stabilizes the system and chan-
nels the radiated energy into a single direction in space. The prestressing rod 4
and the clamping nut 5 ensure the operation of the device (transducer) in expan-

sion/compression mode.

The quantity of wires to be welded is thus very quickly redhibitory for high-fre-
quency antennas (higher than 50 kHz) composed of a great number of small-size
transducers, for example, and in a non limitative way, 128 elementary transdu-
cers at 150 kHz. This wiring, welding and indexing item, which is very difficult to

automate, is the heaviest item of the process of mounting an acoustic antenna.
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An acoustic antenna comprising an array of elementary transducers mounted on

a printed circuit is presented in document US 6 181 052 B1.

The present invention has for object a low-cost acoustic antenna requiring the
fewest possible number of assembly operations, which operations can be easily
automated. The term "acoustic” is used herein for simplification, but it is well un-
derstood that the operation frequency band of the antenna can be higher than
the audio frequencies and even far higher than the latter; for example, it can ex-
tend from 20 kHz up to several hundreds of kHz, and typically, but not limitatively,

it may be the 140-160 kHz frequency band.

The acoustic antenna according to the invention is characterized in that it com-
prises an array of elementary transducers, each elementary transducer compri-
sing, between a counterweight and a horn, at least one ceramic, all the elemen-
tary transducers being mounted on a common printed circuit for electrical con-
nection between the transducers and for positioning the transducers relative to
one another, and at least one connector fixed to this printed circuit, each of the
transducers being mounted in such a way that the printed circuit is clamped be-
tween the ceramic(s) and the counterweight thereof.

According to a feature of the invention, the elementary transducers are of one of

the following electro-acoustic types: piezoelectric or electrostrictive.

The present invention will be better understood from the description of an em-
bodiment, which is given by way of a non-limitative example and illustrated in the

appended drawing, in which:

- Figure 1, mentioned above, is a simplified sectional view of a "Tonpliz" antenna

element according to the prior art,

- Figure 2 is a sectional view of an elementary transducer mounted on a printed

circuit, according to the invention,
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- Figures 3 to 7 are, respectively, a perspective top view, a face view, a perspec-
tive bottom view, a bottom view and a top view of an embodiment, according to
the present invention, of a printed circuit carrying eight elementary transducers,
the tracks of the printed circuit being schematically and partially shown, and

- Figure 8 is a partial perspective top view of the printed circuit and the transduc-

ers of a 64-transducers antenna according to the invention.

An object of the present invention is to eliminate, in the manufacturing process,
the items of positioning the transducers on their support material and welding
their connection electrodes (transducers power supply leads) from the manufac-
turing process of high-frequency Tonpilz antennas having a great number of ele-

ments.

According to a preferred embodiment, the invention contemplates to reduce the
pillar of ceramics of the Tonpilz to only one ceramic and to fix the different pillars
to a printed circuit that is common to the whole antenna in the structure of the
Tonpilz, between the ceramic and the counterweight, so as to provide the electri-
cal connection of all the elements of the antenna and to fix the arrangement of
the transducers relative to one another in a stable way. It is well understood that
the invention is not limited to transducers with a single ceramic, and that these

transducers can comprise more than one ceramic.

In Figure 2 is shown an elementary transducer 6 according to the invention, fixed
to a printed circuit 7. According to the invention, the insulating material of the
printed circuit is chosen based on the characteristics of the transducers used, for
example, and in a non limitative way, this material may be epoxy glass or any
screen-printable base material. The transducer 6 essentially comprises a tubular
ceramic 8, a disc-shaped horn 9 and a counterweight 10. These three elements
8 to 10 are assembled in the following manner to the printed circuit 7 by means
of a screw 11 passing through a bore of this printed circuit: the counterweight 10
is applied on one face of the printed circuit, whereas the ceramic 8 is applied on

the other face of this circuit, and the horn 9 is applied on the free plane face of
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the ceramic 8. Hence, the screw 11 (assembly and prestressing screw) passes
freely through the elements 10, 7 and 8, and is screwed into a threaded axial bore
of the horn 9. The common axis of all these elements is referenced 12. Of course,
a great number (a hundred or more) of other transducers can be fixed to the
printed circuit 7 and, by way of example, a bore 13 formed in this printed circuit
for fixing a transducer next to the transducer 6 has been shown. The layout to-
pology of the different transducers on the printed circuit 7 is determined in a man-
ner known per se in order to obtain a desired radiation pattern and, if need be, so

that a beam forming and directing system can be implemented.

The electrical connections are provided as follows. The printed circuit 7 receives
each of the positive and negative points of the transducer on its two main faces.
The positive connection is obtained by direct contact of one plane face of the
ceramic with the printed circuit 7. The negative connection is indirectly obtained:
the other plane face of the ceramic is in direct contact with the horn (electrically
conductive), and the screw 11 electrically connects the horn to the counterweight,
and the counterweight is in direct contact with the printed circuit 7. The screw 11
is electrically insulated from the ceramic by means of a sleeve (not shown), made
for example of a plastic material.

The topography of the conductors formed on the printed circuit 7 and running
from the transducers is optimized, and these conductors are connected to a con-
nector (not shown) fixed to the printed circuit. These conductors convey the ex-
citation energy of the transmission channels from the power and control electronic
devices (not shown) and, in receiving phase, they convey the signals toward the

processing electronic circuits (not shown).

To simplify the drawing, an embodiment of an antenna 14 (without a protective
casing) according to the invention has been shown in Figures 3 to 7 with only
eight transducers, referenced 15 as a whole, but it is well understood that, in
reality, an antenna generally comprises a greater number of transducers, for
example at least 64. These transducers 15 have been shown aligned relative to

one another, but it is also well understood that, in reality, they are not necessarily
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aligned relative to one another, and that their arrangement on the printed circuit
carrying them is based, in a manner known per se, on the characteristics of the
acoustic beam to be obtained.

The transducers 15 are fixed to a plate 16 on which are printed conductors for
electrical connection between the different transducers and a connector (not
shown) providing, with another connector (not shown either), the connection with
suitable signal receiving and processing circuits, well known per se and not de-

scribed herein.

The conductors 17 printed on the upper face of the plate 16 (the one against
which are applied the ceramics such as the ceramic 8 of Figure 2) each comprise
a circular part surrounding the fixation bore of the transducer, providing the con-
tact with a first front electrode of the corresponding ceramic, and being continued
by a threadlike part running up to an area 18A in which these conductors 17 are
connected, through the plate 16, in an area 18B (opposite the area 18A) of the
lower face of the plate 16, to sections of conductors 19, the ends of which are
welded to a connector (not shown, only the mark 20 of which on the plate 16 is
shown). Conductors 21 are printed on the lower face of the plate 16. They provide
the electrical connection with a second electrode of each ceramic, and have a
shape similar to that of the conductors 17, with that difference that their ends are
welded to a second connector (not shown, only the mark 22 of which on the plate
16 is shown). Of course, the conductors printed on the plate 16 can have other

routes and be connected in a different manner to the connector(s).

The antenna 23 shown in Figure 8 essentially comprises a plate 24 with printed
circuits, on which are fixed 64 transducers referenced 25 as a whole. Four con-
nectors (only two of which, referenced 26, 27, are visible in the figure) are fixed
to the plate 24. The printed circuit 24 is of the dual-face type and, therefore, in
the figure, only the tracks 28 printed on a single one of the faces thereof are seen.
The whole is fixed within a sealed casing (not shown). Likewise, the electronic
circuits (pre-amplification, amplification, pre-processing...) that can be included

in this casing are not shown either.
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The advantages of the present invention are of five orders:

1. Ease of mounting of the stacking/clamping-type Tonpilz.

2. Very precise mutual positioning of the transducers by nature (determined by
the printed circuit), which ensures a good repeatability of the radiation characte-
ristics of the antenna so formed.

3. Elimination of the performance dispersion due to the welding (thermal defor-
mation, drift of the assembled parts characteristics), on small transducers.

4. Automatic indexing of the transducers wiring by the printed circuit.

5. The electro-acoustic control of the antenna (individual control of each trans-
ducer) becomes automatable. Indeed, the connector(s) can also be connected to
a test circuit arranged in the antenna casing and remotely controlled to directly
perform the appropriate tests in situ.

6. All the above-mentioned advantages lead to a reduction of the cost of produc-

tion, because they permit a considerable time saving.

The vibratory couplings between channels ("cross-talking”) liable to appear
through the printed circuit are minimized thanks to optimisation of the operation
by the finite element method, by optimizing the weight of each element of each
transducer, in particular the counterweights (10), so as to bring back the nodal
point of vibration of the structure at the printed circuit so as to reduce the most
possible the deformation of the latter and the potential minute displacements of
the transducers on their support plate (generally, the rod for fixing the transducers
on the printed circuit plate is far more elastic than the ceramic, and the prestress
it exerts on the transducer is not sufficient to clamp it but is sufficient to ensures
the electrical contact between the elements of the transducers and the printed
circuit). To implement the optimisation of the transducers, the structure of each
transducer is shown as a lattice of small volume elements, in which each of the
acoustic magnitudes is calculated, knowing the initial conditions and the boun-

dary conditions and by applying the Kirchhoff theorem.
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Patentkrav

1. Akustisk antenne til let montering og omfattende et netveerk af elementaere
transduktorer, hvor hver elementaer transduktor (15) omfatter, imellem en kontra-
masse (10) og en lydtragt (9), i det mindste en keramik (8), idet alle de elemen-
taere transduktorer er monteret pa et feelles trykt kredsleb (7, 16) til elektrisk for-
bindelse imellem transduktorerne og placering af transduktorerne i forhold til hin-
anden, og i det mindste en fast konnektor (26, 27) pa det trykte kredsleb, hvilken
akustiske antenne er kendetegnet ved, at hver transduktor er monteret pa en
saddan made, at det trykte kredslgb er klemt inde imellem dens keramik eller deres
keramikker og dens kontramasse, og at massen af hver transduktors element er
optimeret p4 en sddan made, at konstruktionens vibrationsknudepunkt bringes til

det trykte kredslabs niveau.

2. Antenne ifalge krav 1, kendetegnet ved, at de elementeere transduktorer er

en af folgende elektroakustiske typer: piezoelektrisk eller elektrostrictiv.

3. Antenne ifolge et af de foregdende krav, kendetegnet ved, at de elemen-
teere transduktorer er anbragt pa linje.

4. Antenne ifglge et af kravene 1 til 2, kendetegnet ved, at de elementeere
transduktorer ikke ligger pa linje, idet deres placering pa det trykte kredsleb, der
baerer dem, er en funktion af det opnéede akustiske stralebundts karakteristika.
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