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DESCRIPTION

FIELD OF THE INVENTION

[0001] The disclosure relates to an acoustic transducer for projecting and/or receiving acoustic
swath beams.

BACKGROUND TO THE INVENTION

[0002] Acoustic beams are used in many applications, including sonar and other underwater
acoustic devices, audio transducers, and acoustic control of space, for example architectural

acoustics.

[0003] In sonar and underwater acoustic devices, the objective can be to map the ocean floor
or to detect stationary or moving objects within the water. Additional uses for underwater
acoustic devices includes fish finding and fish population estimation, inspection of underwater
objects such as boat hulls, piers, and navigation. In many of these applications, it is desirable
to utilise an acoustic transducer that i1s capable of projecting far-field acoustic swath beams.
Swath beams are generally considered to be beams that cover a wide angle in one direction
and a narrow width in the perpendicular direction.

[0004] Known acoustic transducers for projecting swath beams generally comprise an array of
active transducer elements that are arranged as either line arrays or alternatively convex
cylindrical arrays. Both of these types of acoustic transducers have limitations. For example,
the line array acoustic transducers typically have beam power limitations due to their limited

width.

[0005] As to the convex cylindrical array transducers, these have size constraints in that they
cannot generally be made smaller than several wavelengths in diameter relative to the
operating frequency due to structural requirements. For example, Figure 1 shows a cross-
sectional end view of an example of a known structure for a convex cylindrical array transducer
10 for producing swath beams. Briefly, the convex cylindrical transducer 10 comprises an array
of active transducer elements 12 that are fixed in a convex cylindrical arrangement within a
support structure 14. In operation, the transducer elements 12 are driven to project an overall
wide-angle swath beam via acoustic aperture 16. The acoustic aperture 16 has a width defined
by arrows 20. Typically, the transducer elements 12 have a thickness of about a half wave-
length relative to the operating frequency, and this requires a substantial spacing 18 between
the front surfaces of the elements. Therefore, the convex cylindrical transducer 10 generally
needs to be at least several wavelengths in diameter to operate effectively. This I1s because
arranging the elements 12 into a convex cylinder having a smaller diameter increases the
spacing 18 between the elements and this tends to result in prohibitively large response
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variations within the angle of interest of the swath beam.

[0006] US patent 6,014,898 describes an ultrasonic transducer array formed of multiple
concave transducer elements that are arranged to provide a transducer having an overall
convex array axis shape.

[0007] US patent 4,156,863 describes a conical beam transducer array formed from a
spherically curved array of transducer elements.

[0008] In this specification where reference has been made to patent specifications, other
external documents, or other sources of information, this 1s generally for the purpose of
providing a context for discussing the features of the invention. Unless specifically stated
otherwise, reference to such external documents is not to be construed as an admission that
such documents, or such sources of information, in any jurisdiction, are prior art, or form part
of the common general knowledge In the art.

[0009] It i1s an object of the disclosure to provide an improved acoustic transducer for
projecting and/or recelving swath beams, or to at least provide the public with a useful choice.

SUMMARY OF THE INVENTION

[0010] The present invention I1s as defined Iin and by the appended claims. An underwater
swath beam acoustic transducer according to claim 1 and a method of projecting and receiving
far-field acoustic swath beams through water according to claim 15 are disclosed.

[0011] Preferably, the radiation surface may be a concave cylindrical radiation surface in that
the radiation surface conforms substantially to the peripheral external surface of a
semicylinder.

[0012] Preferably, the active acoustic elements may be arranged about the concave
semicylindrical radiation surface with each element being equally spaced by a radii from the
cylinder axis.

[0013] Preferably, the array of active acoustic elements may be arranged to provide a
substantially continuous radiation surface.

[0014] Preferably, each active acoustic element may be an acoustic transducer element
comprising active acoustic material coupled between electrodes that are electrically excitable.
More preferably, each acoustic element may be provided with one or more matching layers
coupled directly or Indirectly to the active acoustic material, the matching layer(s) being
arranged to provide an impedance matching between the transducer and acoustic medium
through which the acoustic beams propagate. By way of example, each active acoustic
element may comprise a matching layer situated between the radiation surface and the active
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acoustic material.

[0015] Preferably, the active acoustic elements may be acoustically isolated from each other
within a support structure.

[0016] Preferably, each active acoustic element in the array may be straight and elongate.
More preferably, the length of each active acoustic element may extend substantially the entire
length of the radiation surface.

[0017] In one form, the transducer may be arranged to produce a swath beam having a
substantially fixed width in the direction of the longitudinal axis of the radiation surface.

[0018] In another form, each straight and elongate active acoustic element is collectively
formed from a line of multiple individual active acoustic elements that are acoustically and
electrically isolated from each other along the length of the transducer. Preferably, the lines of
Individual active acoustic elements may be aligned with respect to each other along the length
of the transducer to thereby provide a series of selectively operable concave array segments
of active acoustic elements along the length of the transducer. More preferably, the control
system may be operable to activate or deactivate any one or more of the concave array
segments of active acoustic elements to thereby control the effective length of the radiation
surface and consequently the width of the propagated swath beam in the direction of the
longitudinal axis of the radiation surface. Additionally or alternatively, the control system may
be operable to apply differently phased driving signals to the concave array segments of active
acoustic elements to thereby steer the propagated swath beam In the desired direction about
an axis transverse to the longitudinal axis of the radiation surface.

[0019] The array of active acoustic elements Is operable to project acoustic swath beams
having a wide field of view In the plane that is perpendicular to the longitudinal axis of the
transducer and wherein the far-field acoustic intensity i1s substantially uniform within the field of
VIEW.

[0020] Preferably, the active acoustic elements are activated at a predetermined operating
frequency and the array of active acoustic elements are arranged such that the centre-to-
centre distance between adjacent acoustic elements about the radiation surface is not greater
than approximately one half of the wavelength of the operating frequency:.

[0021] Preferably, the radiation surface may be indirectly exposed via one or more protection
layers to the acoustic medium through which the projected or received acoustic swath beams
propagate. More preferably, the radiation surface forms an acoustic aperture through which
acoustic swath beams are projected or received, the one or more protection layers being
arranged to at least partially fill the acoustic aperture. By way of example only, the protection
layer(s) may be formed from rubber that is formulated to be acoustically transparent in the
water to enable the transducer to operate underwater.
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[0022] Also described I1s an acoustic transducer for projecting and/or receiving acoustic swath
beams comprising. a concave cylindrical arrangement of operable acoustic transducer
elements.

[0023] The phrase "radiation surface” as used In this specification and claims is intended to
mean the collective or effective surface associated with the acoustic aperture that i1s formed
from the array of active acoustic elements and which is the surface from which acoustic beams
are projected and/or received, whether the surface is directly exposed to the acoustic medium
or indirectly exposed via one or more other layers.

[0024] The phrase "swath beams" as used in this specification and claims is intended to mean
far-field acoustic beams that cover a wide angle in one direction and which have a narrower or
alternatively controllable width or focus in the perpendicular direction.

[0025] The term "comprising” as used In this specification and claims means "consisting at
least in part of. When interpreting each statement in this specification and claims that includes
the term "comprising”, features other than that or those prefaced by the term may also be
present. Related terms such as "comprise” and "comprises” are to be interpreted in the same
manner.

[0026] As used herein the term "and/or” means "and"” or "or", or both.

[0027] As used herein "(s)" following a noun means the plural and/or singular forms of the
noun.

[0028] The Invention consists In the foregoing and also envisages constructions of which the
following gives examples only.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Preferred embodiments of the invention will be described by way of example only and
with reference to the drawings, In which:

Figure 1 shows a cross-sectional end view of an example of a conventional convex cylindrical
acoustic transducer array for generating swath beams;

Figure 2 shows a cross-sectional end view of an acoustic transducer in accordance with a
preferred embodiment of the invention;

Figure 3A shows a cross-sectional end view of a first preferred form acoustic transducer of the
Invention;

Figure 3B shows a cross-sectional side view of the first preferred form acoustic transducer
viewed through line AA of Figure 3A;
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Figure 4A shows a cross-sectional end view of a second preferred form acoustic transducer of
the Invention;

Figure 4B shows a cross-sectional side view of the second preferred form acoustic transducer
viewed through line BB of Figure 4A;

Figure 5A Is a graph of the far-field directivity pattern of an acoustic swath beam projected
from the second preferred form acoustic transducer of Figures 4A and 4B operating at a
frequency of 160 kHz for various beam steering angles in a plane comprising the longitudinal
axis of the transducer; and

Figure 5B 1s a graph of the far-field directivity pattern of an acoustic swath beam projected
from the second preferred form acoustic transducer of Figures 4A and 4B operating at a
frequency of 160 kHz in the plane perpendicular to the longitudinal axis of the transducer.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Overview

[0030] The disclosure relates to an acoustic transducer for producing and/or receiving acoustic
swath beams. As referred to In this description, swath beams are typically far-field acoustic
beams that cover a wide angle in one direction and which have a narrow or alternatively
controllable width or focus in the perpendicular direction. Far-field in this context is generally
considered to be a distance that iIs much greater than the size of the transducer and the
wavelength of its operating frequency. The acoustic transducer can be configured to generate
and receive acoustic waves at any desired operating frequency, Iincluding audible and
ultrasonic frequencies for example.

[0031] Referring to Figure 2, a cross-sectional end view of the structure of the acoustic
transducer 100 of the Invention Is shown. The view of Figure 2 i1s In a plane that iIs
perpendicular to the longitudinal axis of the transducer 100. In brief, the acoustic transducer
100 comprises an elongate support structure 102 that i1s arranged to support an array of active
acoustic elements 104. The active acoustic elements 104 are arranged In a substantially
concave pattern relative to each other to thereby provide a substantially concave elongate
radiation surface 106 from which acoustic beams are projected and received by the transducer
100. More particularly, the active acoustic elements 104 are arranged to collectively provide a

substantially continuous concave and elongate radiation surface 106 for the acoustic swath
beams.

[0032] It will be appreciated that each of the active acoustic elements 104 may be driven to



DK/EP 2326970 T3

generate an acoustic beam and that the overall far-field swath beam 108 is the superposition
of all the individual acoustic beams. As shown, the swath beam 108 has a wide-angle or wide
field of view (FOV) In the plane that is perpendicular to the longitudinal axis of the transducer.
The FOV of the transducer 100 is dependent on the size of opening of the acoustic aperture
110 formed by the acoustic active elements 104. In the preferred form, the acoustic transducer
IS capable of projecting a swath beam having a far-field acoustic intensity that i1s substantially
uniform within the FOV.

[0033] As to the width of the swath beam 108 In the perpendicular direction to the FOV (or into
the page along the longitudinal axis of the transducer 100), this i1s dependent on the length of
the acoustic active elements 104 arid radiation surface 106. It will be appreciated that a longer
transducer 100 will produce a narrower swath beam in the direction of the longitudinal axis of
the transducer 100, and vice versa In that a shorter transducer will produce a wider swath
beam.

[0034] As mentioned, the acoustic transducer 100 comprises a substantially concave elongate
radiation surface 106 that is provided by a concave arrangement of active acoustic elements
104. In the preferred form, the radiation surface 106 conforms substantially to a portion or
segment of the peripheral external surface of a cylinder with an associated diameter, and this
will be referred to as a "concave cylindrical radiation surface”. In other words, the radiation
surface can in some forms be considered as being semicylindrical in that the active acoustic
elements conform to the external surface of a semicylinder. For example, the active acoustic
elements 104 can be said to be arranged to extend radially outwardly relative to a segment of
a virtual cylindrical surface with each element being equally spaced by a radii from the cylinder
axis. Typically, the concave cylindrical radiation surface will extend not more than half the full
circumference of the cylinder. However, it will be appreciated that the elongate concave
radiation surface 106 need not necessarily conform to a semicylinder and may alternatively
simply be an accurate radiation surface that is curved inward and non-cylindrical in nature.

[0035] The concave cylindrical transducer 100 1s capable of producing the same wide-angle
swath beam as the known conventional convex cylindrical transducer 10 shown in Figure 1, but
with a smaller number of active acoustic elements 104 and a smaller acoustic aperture 110,
having a width indicated by arrows 112. By way of example only, the known conventional
convex cylindrical transducer of Figure 1 would require a minimum size of 10-12 wavelengths
of the operating frequency In diameter and a much wider aperture 20 relative to the concave
cylindrical transducer 100 of Figure 2 that can generate a swath beam having the same FOV
with a concave cylindrical radiation surface size of approximately 2.5 wavelengths in diameter.
Along with the general benefits of being a smaller transducer, the smaller acoustic aperture
110 allows the application of shading for side-lobe suppression and electronic beam-steering
along the longitudinal or cylindrical axis of the transducer using phased-array techniques.

[0036] More preferred forms of the acoustic transducer of the invention will now be described
In greater detail, by way of example only.
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First preferred form - single-channel acoustic transducer

[0037] Referring to Figures 3A and 3B, a first preferred form single-channel acoustic
transducer 200 will now be described. In the first preferred form, the acoustic transducer 200
comprises a support structure 202 that supports an array of multiple active acoustic elements
204 that are arranged to provide an elongate concave radiation surface 206 for protecting
and/or receiving acoustic swath beams. Preferably, the active acoustic elements 204 are In a
concave cylindrical arrangement so as to provide a concave cylindrical radiation surface of a
predetermined diameter for a predetermined operating frequency or range of operating
frequencies. The support structure may be any form of suitable known transducer array
support material or mechanical system for supporting the array of active acoustic elements In
place. In the first preferred form, the support structure is provided in and around the active
acoustic elements 204 so as to acoustically isolate them from each other. The support
structure may comprise any acoustically insulating material as will be appreciated by those
skilled In the art. By way of example only, the support structure may be formed from rigid
porous polymer materials.

[0038] The radiation surface 206 may either be directly exposed to the acoustic medium or
Indirectly exposed via one or more protection layers. It will be appreciated that the acoustic
medium through which the acoustic beams propagate when being projected from the
transducer or received by the transducer. If protection layer(s) are employed, these may be
fixed, secured or formed across the radiation surface in various ways, depending on design
requirements. It will be appreciated that mechanical or other securing methods can be used to
secure the protection layer(s) to the radiation surface 206, including, but not limited to,
adhesives or moulding techniques. By way of example, the cavity or acoustic aperture 210
provided by the concave elongate radiation surface 206 may optionally be at least partially
filled with a protection layer 212. For example, If the transducer 200 i1s employed as an
underwater transducer, the protection layer 212 may be formed from rubber that i1s formulated
to be acoustically transparent in water. For underwater transmit transducers, the thickness of
the protection layer 212 may be varied according to the operating power of the transducer 200
so as to avoid caviation in the high intensity zone of the acoustic beams. It will be appreciated
that a protection layer 212 is not necessarily essential, but may enhance the performance of
the transducer for particular operating conditions.

[0039] As mentioned, the width and opening of the acoustic aperture 210 defines the FOV or
angle of coverage of the far-field swath beam projected by the acoustic transducer 200, in the
plane perpendicular to the longitudinal axis of the transducer (Figure 3A). It will be appreciated
that the number of active acoustic elements 204 in the array may be varied according to the
diameter of the concave cylindrical radiation surface required for any particular application and
operating frequencies.

[0040] The width or focus of the far-field swath beam or sonic beam projected by the acoustic
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transducer 200, in the plane comprising the longitudinal axis of the transducer (Figure 3B), Is
dependent on the overall length of the radiation surface 206 provided by the elongate active
acoustic elements 204 as generally indicated by arrows 214. In particular, a longer transducer
produces a narrower width swath beam In the direction perpendicular to the FOV, and vice
versa for a smaller length transducer.

[0041] In summary, it will be appreciated that the length of the active acoustic elements 204
and dimension of the acoustic aperture associated with the radiation surface 206 can be
modified or configured to project a specific far-field swath beam having a predetermined FOV
and width for a particular operating frequency.

[0042] In the first preferred form, each active acoustic element 204 in the array may be any
form of operable acoustic transducer element. The active acoustic elements 204 are preferably
identical in shape and size, although this Is not necessary In alternative forms of the
transducer. By way of example, each active acoustic element 204 may be In the form of an
elongate continuous structure extending substantially the entire length of the transducer. Each
elongate structure may comprise a piece or layer of actively acoustic material, such as an
elongate piezoelectric ceramic plate 204a. Each piezoelectric ceramic plate 204a has a front
surface 216a directed toward the radiation surface 206 and an opposite rear surface 216b
directed toward the bottom of the transducer as shown In Figure 3A. Optionally, each structure
of the active acoustic element 204 may further comprise a matching layer or element 204b
provided on the front surface 216a of the piezoelectric ceramic plate 204a to form the effective
radiation surface 206. However, it will be appreciated that the active acoustic material of the
elements 204 may directly and collectively form the radiation surface 206 with or without one or
more matching layers or extensions in alternative forms of the transducer. It will be appreciated
that the matching layer 204b of the elements 204 can be formed from any material having a
suitable specific acoustic impedance Including, by way of example only, polymers, metals,
oxides, and composite materials.

[0043] Although not shown, each active acoustic element 204 also comprises front and rear
electrodes that sandwich the active acoustic material 204a between its front 216a and rear
216b surfaces. Further, electrical connections to the electrodes of each active acoustic
element 204 are provided to enable the elements to be driven in an active mode to generate
acoustic waves or beams, or alternatively for receiving electrical signals In response to
excitation of the active acoustic material by received acoustic waves or beams incident on the
radiation surface 206 In a passive mode. In the first preferred form, the centre-to-centre
distance between adjacent active acoustic elements 204 should preferably not exceed about
one half of the wavelength of the operating frequency.

[0044] As will be appreciated, the acoustic transducer 200 may further comprise a control
system that is electrically connected to the electrodes of each of the active acoustic elements
204. The control system has electronic circuits that are operable to generate drive signals for
applying to the electrodes of the active acoustic elements 204 to thereby cause each element
to generate and project an acoustic wave or beam at the desired operating frequency for
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known acoustic applications. Additionally or alternatively, the control system can be arranged to
receive electrical signals generated by the active acoustic elements 204 In response to
recelving acoustic beams on the radiation surface 206 and these can be processed In
accordance with the known acoustic transducer techniques for various acoustic applications.

[0045] In an alternative form, it will be appreciated that the active acoustic elements may be
magnetostrictive elements or any other type of operable acoustic transducer element for
generating and/or receiving acoustic beams.

[0046] In operation of the first preferred form transducer 200, the concave array of elongate
active acoustic elements 204 are driven by the control system, via driving signals that are
applied to the electrodes of the elements, to generate individual acoustic beams and which
produce a swath beam that is a superposition of all of the individual acoustic beams. More
specifically, the active acoustic elements 204 that conform to the concave cylindrical radiation
surface are excited to produce a sonic wave within the cavity 210 by the driving signals. The
sonic field produced as a result of the electrical excitation and acoustical interaction between
the piezoelectric elements 204 forms a converging cylindrical acoustic wave front. The wave
front propagates through the focal zone (at or about the cylinder axis) and then becomes
diverging. At a distance much greater than the wavelength and size of the transducer, 1.e. In
the far-field, the acoustic intensity of the acoustic wave (swath beam) 1s substantially uniform
within a wide angle (or FOV), the width of which depends on cylinder opening as previously
mentioned.

[0047] In summary, the concave array of active acoustic elements 204 of the transducer 200
provides a small aperture for generating high power swath beams that have a wide FOV and a

substantially uniform response over the FOV.

Second preferred form - multi-channel acoustic transducer

[0048] Referring to Figures 4A and 4B, a second preferred form acoustic transducer 300 will
be described. The second preferred from acoustic transducer 300 Is substantially similar In
construction to the first preferred form acoustic transducer 200 and like components have
been numbered with like reference numerals. The primary difference I1s that acoustic
transducer 300 1s a multi-channel transducer having electronic beam control functionality in the
form of beam-steering and variable swath beam width control as will be explained In more
detall.

[0049] Referring to Figure 4A, the acoustic transducer 300 comprises an array of operable
active acoustic elements 304 extending radially outward from the concave cylindrical elongate
radiation surface 206 as before. However, the acoustic transducer 300 does not employ
continuous elongate active acoustic elements 304 that extend substantially the length of the
transducer like the single-channel acoustic transducer 200. In the multi-channel acoustic
transducer 300, a line of multiple (N) active acoustic elements 3044y are provided for each



DK/EP 2326970 T3

array element orientation about the cylindrical axis of the radiation surface 206. Each line of
active acoustic element 3044\ are electrically and acoustically isolated from each other along

the length of the transducer.

[0050] The number of individual acoustic elements 3044y In each line Is preferably identical

and the lines of individual active acoustic elements are preferably aligned with respect to each
other along the length of the transducer to thereby provide a series of concave array segments
of active acoustic elements along the length of the transducer. In other words, each line of
active acoustic elements 3045 extending along the length of the transducer can be

considered to be a radial column of elements (Figure 4A), and the active elements of each
radial column are arranged in N circumferential rows (Figure 4B) about the concave cylindrical
radiation surface 210. Each circumferential row of active acoustic elements 3044.ny Ccan be

considered as a concave array segment.

[0051] In the second preferred form, a control system for operating and driving the active
acoustic elements 304 Is preferably provided. The control system of the acoustic transducer

300 can be operated to activate or deactivate any of the N concave array segments to thereby
control the effective length of the radiation surface 206 and thereby the width of the swath
beam In the direction of the longitudinal axis on the transducer (Figure 4B). For example, the
control system can be arranged or configured to deactivate one or more of the N concave
array segments at one or both ends to thereby reduce the effective length of radiation surface
206 and thereby widen the width of the swath beam projected.

[0052] Additionally or alternatively, the control system can be arranged to employ phased-
array techniques to apply differently phased driving signals across the concave array segments
In order to beam-steer the swath beam or enlarge beam width In the direction of the
transducer longitudinal axis. For example, when uniform phase Is applied across all the active
concave array segments, the far-field swath beam propagates from the radiation surface 206
at an angle substantially perpendicular to the central longitudinal axis of the transducer 300 as
shown by the arrow nominated with 0°. However, differential phase driving signals can be
applied across the activate concave array segments along the length of the transducer to
thereby alter the angle (D) of propagation of the swath beam about an axis that is transverse
to the transducer longitudinal axis or enlarge beam width in the direction of the transducer
longitudinal axis.

[0053] In summary, the multi-channel acoustic transducer 300 provides for the generation of
steerable and variable width acoustic swath beams.

[0054] Figure 5A shows a far-field directivity pattern of a swath beam projected by an acoustic
transducer 300 at an operating frequency of 160 kHz for steering angles D = 0°, 7.7°, 15.5°,
and 23.7°. The directivity patterns represent the acoustic response of the swath beam In a
plane comprising the longitudinal or cylindrical axis of the transducer (Figure 4B). Figure 5B
shows the far-field directivity pattern of a swath beam projected by acoustic transducer 300 at
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an operating frequency of 160 kHz in the plane perpendicular to the longitudinal or cylindrical
axis of the transducer, or more particularly shows the FOV with reference to Figure 4A. As
shown In Figure 5B, the swath beam has a substantially uniform response for a wide-angle of
approximately 100° in this example. It will be appreciated that the wide-angle uniform response
or FOV may be narrowed or widened according to requirements.

Alternative forms

[0055] It will be appreciated that the concave elongate radiation surface of the acoustic
transducer of the Iinvention may alternatively be formed by other array arrangements and
configurations of active acoustic elements that conform to a concave or preferably cylindrical
concave radiation surface. It will be appreciated that the active acoustic elements should
preferably collectively form a continuous or substantially continuous radiation surface.
However, the acoustic transducer may still operate with spacings between the front surfaces of
the array of active elements that form the collective radiation surface, although this may not be
the optimum design for certain applications.

Example applications

[0056] The acoustic transducer of the disclosure Is preferably arranged to generate and/or
receive high power swath beams via a small aperture. This type of acoustic transducer can be
employed In sonar or any other underwater acoustic devices or applications. In addition, the
acoustic transducer can also operate in any acoustic medium including water or, in an example
not forming part of the claimed invention, air. In an example not forming part of the claimed
Invention, the acoustic transducer can be employed as a wide-angle acoustic transducer for air
acoustics in audio applications.

[0057] It will be appreciated that two or more transducers may be coupled together in a side-
by-side linear or curved arrangement with each producing its own swath beam and thereby
providing an overall wider field of view with an omni-directional transducer being the extreme
example. For example, multiple coupled transducers may be useful for underwater side
scanning applications.

[0058] The foregoing description of the Invention Includes preferred forms thereof.
Modifications may be made thereto without departing from the scope of the invention as
defined by the accompanying claims.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. |t does not
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form part of the European patent document. Even though great care has been taken In

compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
llability in this regard.

Patent documents cited in the description

o USGBLT148%38A [00QLS]
o USA100BGIA TORGSS
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PATENTKRAV

1. Akustisk transducer til undervands-bandstraler (100) til udsendelse og mod-

tagning af akustiske fijernfelt-bandstraler (108) gennem vand, omfattende:

Et array af aktive, akustiske elementer (104), der er arrangeret til kollek-
tivt at tilvejebringe en langstrakt, konkav stralingsflade (106) med en til-
knyttet akustisk apertur (110) hvorved hvert aktivt, akustisk element
(104) kan drives saledes, at det udsender en individuel, akustisk strale
fra stralingsfladen mod en fokuszone for transduceren (100);

Og

et styringssystem, der elektrisk er forbundet med de aktive, akustiske
elementer (104), og som er konfigureret til at generere elektriske driv-
signaler til drivning af hvert af de aktive, akustiske elementer (104) med
henblik pa at udsende akustiske fjernfelt-bandstraler (108) gennem
vand fra transduceren (100), hvorved de akustiske fjernfelt-bandstraler
(108) er en superposition af alle de individuelle akustiske straler, sale-
des at, i fiernfeltet, pa den anden side af fokuszonen og den akustiske
apertur (110), de akustiske bandstraler (108) udviser et bredt feltbillede
| et plan pa tveers af en leengderetning for stralingsfladen (106), en
smallere bredde i en retning, der er vinkelret pa det brede feltbillede, og
en akustisk intensitet, der er ensartet hen over feltbilledet, og hvorved
styringssystemet ydermere er konfigureret til at modtage og behandle
elektriske signaler fra de aktive, akustiske elementer, og som genereres
som reaktion pa bandstraler, der modtages af stralingsfladen (106), og

som reflekteres tilbage fra fjernfeltet.

2. Akustisk transducer til undervands-bandstraler ifelge krav 1, hvorved stra-
ingsfladen (106) er en konkav, cylindrisk stralingsflade, hvor stralingsfladen
svarer til den ydre periferiflade for en halvcylinder, og hvorved de aktive akusti-

ske elementer (104) er arrangeret omkring den konkave, halvcylindriske stra-



10

15

20

25

30

DK/EP 2326970 T3

2

lingsflade, og hvorved alle elementerne har samme indbyrdes afstand omkring

stralingsfladen (106).

3. Akustisk transducer til undervands-bandstraler ifalge krav 1 eller krav 2,
hvorved array et af aktive, akustiske elementer (104) er arrangeret med henblik

pa at tilvejebringe en kontinuerlig stralingsflade (106).

4. Akustisk transducer til undervands-bandstraler ifalge et hvilket som helst af
de foregaende krav, hvorved hvert aktivt, akustisk element (204) er et akustisk
transducerelement, der omfatter aktivt akustisk materiale, som er koblet mellem
elektroder, der kan exciteres ad elektrisk ve|, og hvorved hvert akustisk element
(204) er udstyret med et eller flere matchende lag (204b), som direkte eller indi-
rekte er koblet til det aktive akustiske materiale (204a), hvorved det ene eller en
flerhned af matchende lag er arrangeret til at tilvejebringe en impedanstilpasning
mellem transduceren (200) og vandet, gennem hvilket de akustiske straler ud-

breder sig.

5. Akustisk transducer til undervands-bandstraler ifalge krav 4, hvorved hvert
aktivt, akustisk element (204) omfatter et matchende lag (204b), som er belig-

gende mellem stralingsfladen (206) og det aktive, akustiske materiale (204a).

6. Akustisk transducer til undervands-bandstraler ifelge et hvilket som helst af
de foregaende krav, hvorved de aktive, akustiske elementer (204) akustisk er
Isoleret fra hinanden | en beaerestruktur (202), der beerer array'et af aktive, aku-

stiske elementer.

7. Akustisk transducer til undervands-bandstraler ifelge et hvilket som helst af
de foregaende krav, hvorved hvert aktivt, akustisk element (204) i array’et er
retlinjet og aflangt, og hvorved leengden af hvert aktivt, akustisk element straek-

ker sig over hele leengden af stralingsfladen (206).
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8. Akustisk transducer til undervands-bandstraler ifelge krav 7, hvorved trans-
duceren er udformet til at frembringe en bandstrale med en fast bredde i retnin-

gen for en leengdeakse (214) for stralingsfladen (206).

9. Akustisk transducer til undervands-bandstraler ifalge krav 7, hvorved hvert
retlinjet og langstrakt, aktivt, akustisk element (304) kollektivt er dannet af en
reekke af en flerned af individuelle, aktive, akustiske elementer, som akustisk og
elektrisk er i1soleret fra hinanden eller langs leengdeudstreekningen for transdu-
ceren (300), og hvorved linjerne med Individuelle, aktiv, akustiske elementer er
bragt pa linje med hinanden i transducerens (300) leengderetning for derved at
tilvejebringe en reekke selektivt drivbare, konkave array-elementer af aktive,

akustiske elementer | transducerens (300) leengderetning.

10. Akustisk transducer til undervands-bandstraler ifelge krav 9, hvorved sty-
ringssystemet kan drives til at aktivere eller deaktivere et hvilket som helst eller
en flerhed af de konkave array-segmenter af aktive, akustiske elementer (304)
for derved at styre den effektive leengde af stralingsfladen (206) og felgelig
bredden af den udsendte bandstrale i retningen for leengdeaksen (214) for stra-
lingsfladen (2006).

11. Akustisk transducer til undervands-bandstraler ifalge krav 9 eller krav 10, og
hvorved styringssystemet kan drives til at patrykke forskelligt fasede drivsigna-
ler pa de konkave array-segmenter i aktive, akustiske elementer (304) for der-
ved at styre den udsendte bandstrale i den gnskede retning (D) omkring en ak-

se pa tveers af stralefladens (206) leengdeakse (214).

12. Akustisk transducer til undervands-bandstraler ifalge et hvilket som helst af
de foregaende krav, hvorved de aktive, akustiske elementer (204) drives af sty-
ringssystemet ved en forudbestemt driftsfrekvens, og array’et af aktive, akusti-
ske elementer (204) er arrangeret saledes, at midte-til-midte-afstanden mellem
til hinanden greensende akustiske elementer omkring stralingsfladen (206) ikke

er sterre end halvdelen af driftsfrekvensens balgeleengde.
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13. Akustisk transducer til undervands-bandstraler ifalge et hvilket som helst af
de foregaende krav, hvorved stralefladen (206) danner den akustiske apertur
(210), gennem hvilken akustiske bandstraler udsendes og modtages, og trans-
duceren ydermere omfatter et eller flere beskyttelseslag (212), der er arrangeret
til mindst delvist at fylde den akustiske apertur (210), saledes at stralingsfladen
(206) Indirekte eksponeres via det ene eller en flerhed af beskyttelseslag (212)
mod vandet, gennem hvilket de udsendte og modtagne akustiske bandstraler

udbreder sig.

14. Akustisk transducer til undervands-bandstraler ifelge krav 13, hvorved
mindst et af beskyttelseslagene (212) er dannet af gummi, der er formuleret, sa
det er akustisk transparent | vandet for at muliggere drift af transduceren (200)

under vand.

15. Fremgangsmade til udsendelse og modtagning af akustiske fjernfelt-

bandstraler, omfattende:

Eksponering af en akustisk undervands-bandbalgetransducer (100,

200, 300) for vandet, hvilken transducer omfatter:

Et array af aktive, akustiske elementer (104), der er arrangeret
til kollektivt at tilvejebringe en langstrakt, konkav stralingsflade
(106) med en tilknyttet akustisk apertur (110) hvorved hvert ak-
tivt, akustisk element (104) kan drives saledes, at det udsender
en individuel, akustisk strale fra stralingsfladen mod en fokus-
zone for transduceren (100);

OQ

et styringssystem, der elektrisk er forbundet med de aktive,
akustiske elementer (104), og som er konfigureret til at genere-
re elektriske drivsignaler til drivning af hvert af de aktive, akusti-
ske elementer (104) med henblik pa at udsende akustiske fjern-
felt-bandstraler (108) gennem vand fra transduceren (100),

hvorved de akustiske fiernfelt-bandstraler (108) er en superpo-
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sition af alle de individuelle akustiske straler, saledes at, i fjern-
feltet, pa den anden side af fokuszonen og den akustiske aper-
tur (110), de akustiske bandstraler (108) udviser et bredt feltbil-
lede | et plan, som er pa tveers af en leengderetning for stra-
ingsfladen (106), en smallere bredde i en retning vinkelret pa
det brede feltbillede, og en akustisk Intensitet, der er ensartet
hen over feltbilledet, og hvorved styringssystemet ydermere er
konfigureret til at modtage og behandle elektriske signaler fra
de aktive, akustiske elementer, der genereres som reaktion pa
bandstraler, der modtages af stralingsfladen (106), og som re-
flekteres tilbage fra fiernfeltet;

drivning, ved anvendelse af styringssystemet, af array' et af ak-
tive, akustiske elementer (104, 204, 304) | transduceren til at
udsende en fjernfelt-strale gennem vandet, hvilkken bandstrale
har et bredt feltbillede i et plan pa tveers af en leengderetning for
stralingsfladen (106, 206) for transduceren, og hvorved en fiern-
felt akustisk intensitet for bandstralen er ensartet hen over
synsfeltet; og

modtagning og behandling af elektriske signaler fra de aktive
akustiske elementer, der modtages af stralingsfladen (106)og
som genereres som reaktion pa bandstraler, der modtages af

stralingsfladen (106), og som reflekteres tilbage fra fiernfeltet.

16. Fremgangsmade til udsendelse og modtagning af akustiske fjernfelt-
bandstraler gennem vand ifalge krav 15, hvorved transduceren er dannet af en

reekke af selektivt drivbare array-segmenter med akustiske elementer (304)

over transducerens (300) leengdeudstraekning.

17. Fremgangsmade til udsendelse og modtagning af akustiske fijernfelt-
bandbalger gennem vand ifelge krav 16, ydermere omfattende trinnet med
drivning, under anvendelse af styringssystemet, af et udvalgt antal af til hinan-

den greensende konkave array-segmenter for derved at styre den effektive
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leengde af stralingsfladen (206) og som felge heraf bredden af den udsendte

bandbalge i retningen for den langsgaende akse (214) for stralingsfladen (206).

18. Fremgangsmade til udsendelse og modtagning af akustiske fjernfelt-
bandstraler gennem vand ifelge krav 16 eller krav 17, ydermere omfattende
trinnet med styring, under anvendelse af styringssystemet, af den udsendte
bandstrale i den @nskede retning omkring en akse pa tveers af en leengdeakse
(214) for stralingsfladen (206) ved patrykning af forskelligt fasede drivsignaler

pa de konkave array-segmenter.
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Concave cylindrical projector
Directivity patterns
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