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Attorney Docket No. 84255
Customer No. 23523

MOSAIC PROCESS FOR THE FABRICATION

OF AN ACOUSTIC TRANSDUCER ARRAY

TO ALL WHOM IT MAY CONCERN

BE IT KNOWN THAT DEHUA HUANG, employee of the United States
Government, citizen of the United States of America, and
resident of Portsmouth, County of Newport, State of Rhode
Island, has invented certain new and useful improvements
entitled as set forth above of which the following is a

specification:

JEAN-PAUL A. NASSER, Esq.
Reg. No. 53372
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Attorney Docket No. 84255

MOSAIC PROCESS FOR THE FABRICATION

OF AN ACOUSTIC TRANSDUCER ARRAY

STATEMENT OF GOVERNMENT INTEREST
.The inveﬁtion described herein may be manufactured and used
by or for the Government of the United States of America for
governmental purposes without the payment of any royalties

thereon or therefore.

CROSS REFERENCE TO OTHER RELATED APPLICATIONS

Not applicable.

BACKGROUND OF THE INVENTION
(1) Field of the Invention
The present invention relates generally to methods of
processing biezoceramic transducer arrays, and more parﬁicularly
to a new method for processing piezoceramic acoustic transducer
arrays based on the mosaic arranging of piezoceramic materials

with urethane.
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(2) Deséription of the Prior Art

Piezoceramic.acoustic transducer material has found its
appiications in underwater acoustic sonar transducers and arrays
and has shown promising performance.

Currently, the great majority of the sonar transducer
arrays are composed of pieioceramic transducer elements that are
identical with respect to their physical sizes, to their shapes
and to the type of materials used to manufacture them. Thelb
advantage of maintaining uniform size, shape and material is to
maintain control in the quality of the transducer
characteristics. There is, however, a disadvantage in
maintaining a rigid uniformity. The trade-off is a loss in the
flexibility of sonar array design that is limited to specific
shépes and‘sizes.

There is a need for a new method of manufacturing
underwater acoustic transducer arrays. Such a method should‘

provide the means to manufacture piezoceramic transducer arrays

- with predetermined specific attributes and performance

expectations. It should encompass any arbitrary surface
geometry possible using numerical simulation techniques, and
should not be restricted to only certain shapes of piezocerémic
materials in order to optimize the acoustical performance in a
controllable fashion when such piezoceramic materials are at the

preliminary stage of manufacturing the transducer array. What
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is needed is a mosaic process for the fabrication of acoustic

transducer arrays.

SUMMARY OF THE INVENTION

It is a general purpose and object of the present invention
to provide a method for fabricating acoustic transducer arrays
made of piezoceramic material.

A still further object of the invention is to provide a
method for fabricating acoustic transducers of shaped |
piezoceramic material elements in which the shape of the
piezoceramic elements conforms to a given array geometry.

A still further object of the invention is to provide a
method for fabricating acoustic transducer arrays that only uses
the minimum amount of piezoceramic material necessary to limit
excess piezoceramic,material that would otherwise interfere with
the function of the transducer array.

These objects are accomplished in accordance with the
present method according to the following. A desired
performance level for a proposed acoustic transducer array is
established. A geometric shape for the array is derived, based
on the established performance specifications, such as the array
beam pattern, side lobe suppression, sensitivities and
impedance. Basic elements of the array are formed from

piezoceramic materials of varying shapes rather than the using a
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uniform shape. These basic elements are then arranged in a
mosaic method into the geometric shape for the array that was
derived. The interstices are filled with urethane to liﬁk the
basic elements together, thereby forming the entire piezoceramic

transducer array.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates the different piezocerémic shapes
arranged in a mosaic of a larger specific pattern;

FIG. 2 illustrates different piezoceramic materials cut
into different shapes;

FIG. 3 illustfates the different piezoceramic shapes being
érranged using mechanical frames; .

FIG. 4 illustrates a piezoceramic acoustic transducer array
composed of a mosaic of smaller different piezoceramic shapes

bound together by urethane.

DESCRIPTION OF THE PREFERRED EMBODIMENT
The first step of the method is to determine the
utilization and performance expectations of the acoustic
transducer array. In the preferred embodiment, the utilization
will be for acoustic transducer arrays utilized in underwater
sonar applications. The performance expectations will be liﬁked

to the type of acoustic beam pattern sought, the degree of side
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lobe suppression, the weighting, thé impedance, the transmitting
voltage response and the receiving response. Once a
determination of utilization and performance expectations has
been made, a unique geometry can be derived through both
physical prototyping and computer modeling that satisfies these
expectations. For example, in referring to FIG. 1, the acoustic
transducer array 10 is in a star shaped geometric pattern
similar to a compass rose. This geometric pattern was derived
through physical prototyping and computer modeling commonly
known and used in the art. An acoustic transducer with this
geometric pattern exhibits a significant degree of side lobe
suppression. It will be appreciatgd that a variety of different
surface geometries are possible depending upon the desired
performance requirements, and the invention is therefore not
limited to the example illustrated herein.

The next step is to choose the appropriate types of
piezoceramic méterials to use. The selections are based on
which piezoceramic materials best satisfy the performance
expectations and can include PZT-5. Once the materials are
selected, electrodes (noﬁ shown) are applied to the top and
bottom surfaces of the material. In the preferred embodiment,
electrodes are applied before the mosaic fabrication of the

acoustic transducer. The electrode surfaces may be formed using
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techniques currently known in the art such as copper or silver
plating and the like.

The next step is to cut the selected piezoceramic material
into various smaller shapes to fabricate the transducer array.
These smaller shapes as illustrated in FIG. 1 are the basic
elements from which the larger geometric pattern of the
transducer array is fabricated using the mosaic process. The
basic elemenﬁs will serve as the building blocks of the
geqmetric shape for the larger piezoceramic transducer array,
much as colored tiles serve as the fundamental componeﬁts of a
larger mosaic image. The shape of the basic elements will
depend upon thé larger geometric shape of the acQustié
transducer array that is to be fabricated. In FIG. 2, the basic
elements 20, 22, 24 and 26 are shaped into triangles of specific
length and angle size. It is important to note that more than
one shape of triangle is used, and that the wvarious individual
basic elements 20, 22, 24 and 26 can be made of different
piezoceramic material as illustrated by the shading in FIG. 2.

The basic elements are arranged in a mosaic méthod using
mechanically adjustable frames 28 as illustrated in FIG. 3
specifically designed to hold the basic elements in place to
form the desired geometric shape of the piezoceramic transducer
array. Each separate basic element is arranged at precise

measured angles and orientation to the other elements based on
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the derived unique geometry of the acoustic transducer array.

Referring now to FIG. 4, once all of the basic elements are
arranged as a mosaic into the derived geometric shape, the
frames are carefully removed, and urethane 30 is then used to

fill in the interstices between the basic elements. As the

‘urethane 30 cures, it bonds the mosaic of separate basic

elements into the larger derived geometric shapé. It is
important to keep‘the electrodes free of the urethane 30 bonding
material. Once curihg is accomplished, it may be necessary to
smooth out the urethane 30 to maintain consistent shape and
height.

The main advantage of the present invention over the prior
art is that by arranging piezoceramic basic elements into a
mosaic to fabricate a larger piezoceramic transducer array of a
predetermined derived geometric shape there is a dramatic
increase in flexibility with regard to the derived geometric
shapes that can be used to suit the needs of a sonar
application. Rather than taking a large block of piezoceramic
material and attempting to shape it to suit the needs of the
sonar application, or rather than using different shaped
electrodes on a single large block of piezoceramic material
where parts of the block have no electrode contact, a mosaic
arraﬁgement of piezoceramic materials ensures a precise

geometric shape and ensures that there is no “extra”
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piezoceramic material (i.e. material having no electrode
contact). By modifying the actual shape of the piezoceramic
material itself (rather than the electrodes) there is no extra
piezoceramic material that would otherwise interfere with the
performance. In this way there is better isolation of the
piezoceramic material and only the desired areas are excited.
Thus,.the moéaic method of arranging basic elements allows a
mixture of different cross sectional geometry patterns for |
optimization of acoustic transducer array performance such as
side lobe suppression, bandwidth manipulation and increases or
decreases in sensitivities.

This invention has been disclosed in terms of certain

embodiments. It will be apparent that many modifications can be

made to the disclosed apparatus without departing from the
invention. Therefore, it is the intent of the appended claims
to cover all such variations and modifications as come within

the true spirit and scope of this invention.
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MOSAIC PROCESS FOR THE FABRICATION

OF AN ACOUSTIC TRANSDUCER ARRAY
ABSTRACT OF THE DISCLOSURE

A ﬁethod that involves establishing the performance level of a
proposed acoustic transducer array. Deriving a geometric shape for
the array based on the established performance level. Seleqting
piezoceramic materials based on considerations related to the
performance level and derived geometry. Forming small primary shapes
of the selected piezoceramic materials for use as the basic elements
of the larger derivea geometric shape of the array. Arranging the
basic elements into a mosaic of the larger derived geometric shape.
Filling the interstices between the basic elements with urethane to
bind the mosaic of basic elements.thereby fabricating the completed

piezoceramic transducer array.
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