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BROADBAND AND WIDE'FIELD OF VIEW'COMPOSITE TRANSDUCER ARRAY .

TO ALIL, WHOM IT MAY CONCERN:

BE IT KNOWN THAT (1) KIM C. BENJAMIN, (2) STEPﬁEN E..FORSYTHE,
employees of the United States Government and (3) KENNETH M. WALSH,
citizens of the United States of América, and residénts of (1)
Portsmouth, County of'Newport, State of Rhode island, (2) Portsmouth,
Cbunty of Newport, State of Rhodé'Island and (3) Middletown,,County
of Newport, State of Rhode Island have invented certain new and
useful ihprovements,entitled as set forth above of which Ehe

following is a specification:

JAMES M. KASISCHKE, ESQ.

Reg. No. 36562 ,

Naval Undersea Warfare Center
Division, Newport

Newport, Rhode Island 02841-1708

TEL: 401-832-4736

FAX: 401-832-1231
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Attorney Docket No. 84124
BROADBAND AND WIDE FIELD OF VIEW COMPOSITE TRANSDUCER ARRAY

STATEMENT OF GOVERNMENT INTEREST

- The invention described herein may be manufactured'and used

by or for the Government of the United States of America for

Governmental purposes without the paymenf of any roYalties

thereon or therefor.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present'invention relates generally to traﬁsduéer
arrays, éhd more particularly to a composite transducer array
that provides a broadband frequency response over a widg field of
view. |
(2) Description of the Prior Art

A variety of sonar applications such as vehicle  homing
require the steering of acoustic beams over a wide field-of-view.
Existing homing array technology uses.numerous narrowband and
high-power iongitudinal tonpilz‘resonators to form the aperture

of an active transducer. Each tonpilz resonator consists of
several éctive and inactive mechanical components thét work
togethéf as a spring-mass, single degree-of-freedom system.

Unfortunately, tonpilz resonators are expensive to fabricate and
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offer only a limited operational bandwidth above their fifst
length mode resonance.

. To address operational bandwidth limitations of tonpilz
resoﬁators, recent work has focused on construcﬁing multi-
resonance tonpilz elements that have significantly greater
bandwidth than that-of the original single-mode tonpilg
resdnators. However, the fixed-size radiation head ‘inherent to
tonpilz tesonators prévent their use in a "frequency agile"

design in which array apertures can be varied in size.

SUMMARY OF THE INVENTION
. Accordingly, it is an object of the present invention to

provide a transducer array that can operate in a broadband

: ffequency range over a wide field-of-view.

Another object of the present invention is to provide a
bioadband, wide field-of-view transducer array that-is
ine#pensive to fabricate. |

‘Other objects and advantages of the present invéntion will
become more obvious hereinafter in the specification:and
drawings.

- In accordance with the present invention, a coﬁposite
transducer afray has a central portion thereof formed by a
piezoelectric polymer composite panel with opposing first and

second surfaces. A continuous electrode is coupled to the first

'surface and a plurality of electrode segments electrically

isolated from one another aré'coupled to the second surface.
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‘Each electrode segment is shaped as an angular segment of a

c1rcu1ar rlng, while the plurallty of electrode segments are

'arranged to define an array of concentric c1rcular rlngs of

electrode segmente" Each electrode segment .can by 1ndependently

addressed so that the array s aperture can be varied in size.

BRIEF DESCRIPTION OF THE DRAWINGS
Other objects, features and advantages of the present
invention will become apparent upon reference to the following

description of the preferred embodiments and to the drawings,

wherein corresponding reference characters indicate corresponding

parts throughout the several views of the dranings and wherein:

FIG. 1 is a plan view,of the segmented electrode side of an
embodiment of a broadband and wide field-of-view composite
transducer array in accordance with the preéent invention}

FIG. 2 is a 81de view of the composite transducer array
taken along 2-2 of FIG 1

FIG. 3 is a side view of another embodlment in which the
composite transducer array is shaped or curved; and '

- PIG. 4 is a cross-sectional view of an assembly hou51ng the

composite transducer array for use in an underwater environment.

DESCRIPTION OF THE PREFERRED EMBODIMENT (S)
Referring now to the drawings, simultaneous reference will
be made to FIGS. 1 and 2 where a composite transducer array is

shown and referenced generally by numeral 10. More specifically,
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FiG; 1 is a plan view depieting the segmented_eleCtrede surface
of the array and'FIG. 2 is a side view depicting construction
details of the'array. | N .

In FIG. 1, the segmented electrode surface of array 10 is
defined by concentr}c circular rihgs of electrode segments 12.~
That is, each of electrode segments 12 is shaped ae an aﬁéular
segment (e.g., approximately 90° in the illustrated embodiment)
of a circular ring of such electrode segments. EleetrOde;

segments 12 are electrieally isolated from one another by means

of Epaces or gaps 14 therebetween. The size of spaces'14 between

- adjacent ones of electrode segments 12 is determined by

diffraction theory as would be well understood by one of erdinary '
skill in tﬁe art. By way of illustrative ekample, four of
electrode‘segments 12 are used to define an oufermoet circular
ring of electrode segments. However, more er fewef electrode |
segments can be:used in a circular ring thereof without departing
fiom the scope of the present invention. '

Each electrode segment 12 has a radial width Wg and an arc
length La. Within a given circular ring of electfode segments,
the raaial width Wr and/or arc length Lp can be the same (as
shownf or different for each electrode segment in the circular
ring without departing from the scope of the present invention.
For example, in the outermost circular ring iliustréted in FIG.
1, the radial width Wz is the same for each eIectfode segment 12

and the arc length Ip is the same for each electrode segment 12.
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Radial ﬁidth and arc lengths can be increased or decreaggd With.
interior ones pf the circular rings of electrode segments.
Construction of array 10 will ﬁow be explained with |
additional reference to FIG{ 2; Electrode segments 12 are
supported on.a first major surface of a piezoélectric polymer
compbsité panel 20. Détails of a sﬁitable composite panel 20 are

described in U.S. Patent No. 6,255,761, the contents of which are

~hereby incorporated by reference. Briefly, composite panel 20 is

constructed using spaced-apart piezoelectric'(e.g.; a
ferroelectric material such as piezoceramic materials lead
zirconate titanate or lead ﬁitanate) columns or rods 22. that span'
the thickness or height H 6f composite panel zb, Filling the
spaces between rods 22 for the full height thereof‘is'a
viscoelasﬁic material 24 éuéh as a:thérmoplastic epoxy .

Each of>e1ectrodelsegments 12 can have a dedicated -

eledtrical lead coupled thereto. This can be accomplished by

passing conductors (e.g., conductors 31 and 32 are illustrated in

FIG. 2) through a side of composite panel 20. More specifically,
conductors 31 and 32 are routed through viscoelastic materialA24
and electricaiiy coupled to one ofLelectere segments 12. The
second major surface of composite electrode panel 205has é
continuous electrode 40 coupled thereto. Typically, the height H
of panel 20 is the same throughout so that planes defined by
electrode segments 12 and continuous eiectrode 40 are paraliel to-

one another.
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Array 10 can also be shaped to conform to simple or complex
contours iftviscoelastic material 24 comprises a thermoplastic_
material such as thermopiastic epoxy. For example,. as |
illustrated in FIG. 3, composite panel 20 has been shaped during
heating thereof.such that the planes defined by electrode#

segments 12 and continuous electrode 40 are curved in

- correspondence with one another.

The composite transducer array described herein can be used

as part of an underwater array assembly such as assembly 100

illustrated in FIG. 4 where like reference numerals are used to

describe elements of array 10 incorporated into assembly 100. A

waterproof housing (e g., a waterproof encapsulant) 50 has array
/

10 fitted and. sealed thereln such that electrode 40 is flush with

and spans an opening 52 in hous1ng 50. That is, the plane

 defined by continuous electrode 40 faces out of housing 50 while

the plane defined by electrode segments 12 faces into housing 50.
Abutting electrode segments 12 is an acoustic absorbing material
54 such ae.a particle-filled epoxy. Conductors 31 and 32 pass
through both composite panel 20 (as described above) and acoustic
absorbing material 54 before being coupled to appropriate‘signal
electronics 56 that can be located within and/or outSide of
housing 50 as illusttated.

The advantages of the present invehtion are numerous.
Broadband operation is achieved owing. to the inherent broadband
resonance of piezoelectric polymer composite penel 20 used to

construct the transducer array of the present invention. The
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present invention also provides an improved spatial field-bf-view
since numerous elements.may be formed by selectively applying
electrodes over the array.apérture to form elements having
different (non—unifé;m) apertures. The invention teaches.element .

apertures that can be varied in size by simply addressing

‘electrode segments separately. High frequency,réspohses are

achieved using small sized electrode segments. The electrode

segmenté can be combined for low frequéndy responses, ofvlarger
sized eiectrode segments could be used. Thé‘composite trénsducer
array can be singly or doubly curved to any reasonable-radii oﬁ
curVa;ure thereby providing a cost-effective means.to realize
truly-conforming’array apertures.. |

It will be undérstood‘that many additional,changes in the
details, méterials, steps and arrangement of parts,-which have
been herein described and-illustratéd in order to explain the
nature of‘theAinyention, may be made by those skilled in ﬁhe art
within the principle and scope of the invention as expréséed in

the éppended claims.
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BROADBAND AND WIDE FIELD OF VIEW COMPOSITE TRANSDUCER ARRAY

- ABSTRACT OF THE DISCLOSURE

A composite transducer array comprises a piezoelectric

polymer composite panel, a continuous electrode coupied’to a

' first surface of the composite panel, and a plurality of

electrically-isolated electrode segments coupled to a sécénd
surface of the composite panel. Each electrode segment is shaped
as an angular segment éf a circular fing. The eiectrode»segménts
are arranged to define an array of concentric circﬁlar rings of

electrode segments. .
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