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ACOUSTIC TRANSDUCER PANEL
Specification

Background of the Invention

Low frequency transducers having resonances below about 1
kHz have numerous applications, one of which is as a low:
frequency sonar projector. This acoustic wavelength corresponding
to these frequenc1es are on the order of the size of naval mlnes
and thus can hunt for and/or classify them, as well as objects of
similar size. Also, wavelengths of this size permlt sonar
location of buried objects, a task of interest to a wide range of
commercial and governmental concerns. Unfortunétely, current
underwater projectors at these frequencies are large and heavy,
and are cumbersome to use on many underwater vehicles. |

Another application for low frequency transducers is that of
‘active noise;control. Essentially, there are two schemes by which
to control unwanted sound and vibration. One, passive, adds
additional mass, stiffness, or damping; the other, active, uses
destructive interference of the sound or vibration field. Passive
control techniques are best suited for applications where the
frequency band of the disturbance is above 1 kHz. On the other
hand, active confrol has found use in applications where the
frequency range of interest is between 50 Hz and 1 kHz. The use

of adaptive and smart Structures for the active control of
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vibrations is based on the successful combination of sensor,
actuator, and electronic control systems. Active control
structures can eliminate structural vibrations from, e.g., a
piece of manufactufing equipment or a helicopter rotor, .
remérkably improving the lifetime of each by reducing wear.
Likewise, minimizing cabin noise in an aircraft or duct noise in
a building leads to a much -higher comfort level for the people in
side. In active control, a sensor/actuator combination which is -
located on the surface of the vibrating structure is used to
detect and suppress the disturbance. The vibration signal picked
up by the sensor is sent to the appropriate electronic Circuitry
and is subsequently used to drive the actuator such that it has
the same magnitude buﬁ opposite phase (or opposite time delay) as
the disturbance. |

Current state of the art in active vibration control is that
the sensor agd electronic control systems are more
technolbgicaily advanced than the actuator components. Control
systems have benefitted from faster and cheaper microelectronics
available from the computer industry. Likewise, a wide variety of
sensors have been developed including fiber optic, piezocomposite
accelerometers, and acoustic pressure sensors. Sensor selections
can now be based on application specific needs. This means that
the weakest link in active control systems is in actuator
technology.

In systems aiming to cancel structure-borne sound, a

2




Serial No. (Unassigned) Patent Application
Applicants: Howarth Attorney Docket No. 79,414

pressing need is for an actuator panel whose bandwidth contains
about 50 Hz to 1 kHz, and has a linear near—field‘velocity
(displacement) profile coupled with high force capability. an
additional consideration is for the actuators to be rugged enough
for placement in.applications where they may be leaned on or
pushed against without damage. Because many active control
systems are in environments where they are placed in large sheets
(panels), such as in large vibrating machinery mounts in power
plants, an actuator must be physically rugged enough to withstand
normal forces and hazardous exposures.

Many active control systems utilize either hydraulics or
large, heavy electfo—magnetic force transducers as the actuator
component. These technologies may often be constrained by
packaging_limitations as well as high cost. In recent years,
piezoelectric materials either in the form of piezoceramic-
polymer compgsites, multilayer stacks, or flexor-type |
configuratio;s have been studied fof actiye Vibration control
applications. Multilayer stacks and piezoceramic-polymer
composites are characterized as generating high force/low
displacement, whereas the flexors exhibit low force/high
displacement capabilities.

| Another type of actuator, called the "cymbal," effectively
bridges the gap between the high force/low displacement
multilayer stacks and the low force/high displacement flexors.
Cymbal actuators show excellent potential for many active
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vibration control applications because they are simple to
manufacture (resulting in low cost), exhibit thin profile,
ruggedness, adaptability to panel form, and tailorable device
characteristics.

Summary of the Invention

Accordingly, an object of the invention is to reduce the
cost of active electro-acoustic transducers by use of inherently
inexpensive cymbal-type actﬁators. |

Another object is to enable such a transducer to operate at
lower frequencies, particularly between 50 Hz and 1 kHz.

Another object is to do the foregoing with a transducer that
is inherently rugged.

Another object is to do the foregoing with a transducer
whose near field velocity is substantially linéar.

Another object is to do the foregoing in a manner which
permits a designer to tailor the trade off inherent in acoustic
transducers between transducer force and displacement

Another object is to provide an acoustic projector operatlng
at 1 kHz or less that is small, lightweight, and has low vehicle
volume occupation.

In accordance with these and other objects made apparent
hereinafter, the invention concerns an electro-acoustic
transducer having a plurality of cymbal-type acoustic elements;

and a pair of plates containing the cymbals such that the cymbals
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are disposed in mechanical and electrical parallel between the
plates. It has been found that, when driven in piston mode, i.e.
at or below the transducer's fundamental, or piston, mode, the
cymbals are mechanically reactive (i.e., they are moving in-phase
with each other) such that they move together as 'a unit. This
results in an overall system of greater inertia, and hence lower
resonant frequency and corrésponding lower frequency band of
operation. Further, because the magnitude of acoustic output
depends on the number of actuators, this structure inherently
produces more force than individual actuators, makiﬁg total force

cutput a matter of design choice. This, coupled with a priori

knowledge of the designvof individual cymbal actuators, permits
tailoring of the panel's force-displacement tradeoff to specific
design needs. Because operation is in the piston—mdde, the
transducer is void of higher order plate modes, and motion of the
panel is up and down in a linear fashion, resulting in a linear
near field veloc1ty The cymbal-panel design is inherently
sturdy, small, and lightweight. f
These and other objects are further understood from the
following detailed description of particular embodiments of the
invention. It is understood, however, that the invention is
capable of extended appiication beyond the precise details of
these embodiments. Changes and modifications can be made to the‘

embodiments that do not affect the spirit of the invention, nor
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exceed its scope, as expressed in the appended claims. The
embodiments are described with particular reference to the

accompanying drawings, wherein:
Brief Description of the Drawings

Figure 1 is a side elevational view of a transducer
according to the invention. |

Figure 2 is a sectional view in the direction of lines 2-2
of figure 1.

Figure 3 is a side view of another embodiment according to
the invention.

Figure 4 is a sectional view of an individual cymbal-type

transducer, viewed in the direction of lines 3-3 of figure 1.
Detailed Description

With reference to the drawing figures, wherein iike numbers
indicate lik; parts throughout the several views, figures 1 and 2
show a transducer 10 according to the invention. Transducer 10
has a two dimensional array of cymbal-type acoustic elements 15,
of which the embodiment of figures 1 and 2 show an eight by eight
array. Each element lg has top and bottom caps 14, 16, disposed
about an active electro-acoustic material 18, e.g. a piezo-
electric ceramic, single crystal driver, etc. Each member of the
array éf cymbals is fixed to a pair of rigid plates 11, 12 in
mechanical parallel, and are disposed in electrical parallel with
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one another (the conventional electrical connections are not
shown in the drawing figures) .

In operation, transducer 10 can be driven by an electrical
input directed in parallel to piezo-electric ceramic 18 of each
'cymbal 15, resulting in a mechanical displacement in each which
is transmitted to plates 11, I2. This is preferably done at a
frequency below that of plate flexure, i.e. below the fundamental
mode of transducer 10, which ensures that transducer 10 will
operate in piston mode, that is with substantially no bowing of
plates 11, 12, but rather with substantially 511 the mechanical
energy transmitted from cymbals 15 expressing itself by up and
down movement of the plates towards and away from one another
(i.e. in the direction of arrows 2-2 of figure 1). This maximizes
the force generated by plates 11, 12 responsive to input to |
cymbals 15. Furthermore, because of mechanical loading of cymbals
15 by plates 11, 12, the resonant frequency (here, specifieally
the fundamental mode of transducer 10) is lowered significantly
over that of individual cymbals 15. Although the foregoing
describes transducer 10 as an acoustic projector, it could as
well be used as a detector, i.e. could receive an acoustic signal
on plates 11, 12 whose movement would be transduced to electrical
signals by cymbals 15,

Plates 11, 12 can be any acoustically rigid material, by
which it is meant that the panel will undergo unibody motion at
the fundamental mode of transducer 10, i.e. that the acoustic
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wavelength of plates 11, 12 at the fundamental mode will be much
larger than ény dimension of the panel. Plates can be, for
example, stainless steel, or a reinforced carbon graphite
composite, the former being more rigid, and the latter being
lighter. Cymbals 15 can be of any known type, and can be affixed
to plates 11, 12 by any conventional technique known in the art,
e.g. by use.of epoxy to mount plates 11, 12 to caps 14, 16 of
cymbals 15; or simply by making the plates and cymbals unitary.

Figure 3 shdws an alternative embodiment 10', in which, in
place of solitary cymbals 15 in mechanical parallel with one
another, there are a number of stacks of cymbals, the individual -
cymbals 15 in each stack being in mechanical series with one
another, and the stacks;themselves being in mechanical parallel.
This stacking arrangement permits higher overall transducer
displacement. The number of cymbals 15 per stack in figure 3 is
five, but this is merely exemplary.

Cymbalé 15 in figures 1-3 are shoWn close-packed; however,
the spacing among cymbals 15 is design dependent, with larger
spacing resulting in a lower frequency response for transducer
10, and a lower output force per unit area of plates 11, 12
correspondingvto the reduced number of cymbals driving the
plates. More geperally, it is known how to tailor the force-
displacement tradeoff of an individual cymbal by modifying the
shape, thickness, or material of its caps, and by selection of
its driver. In practice, the force-displacement tradeoff
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characteristics of individual cymbals which are arranged to form
a panel such as 10 or 10' will translate into a similar force-
displacement tradeoff for the panel itself. Beyond this, one can
further tailor panel 10's force—displacemént characteristic by
disposing cymbals in mechanical parallel, as in figures 1-2, or
by placing the cymbals in a group of stacks, with the stacks in
mechanical parallel, and cymbals within the stacks in mechanical
series, as in figure 3. The- former emphasizes higher force, the
latter higher displacemeﬁt. Additionally, the use of less cymbal
drivers also results in higher peak panel displacement because of
the larger spacing of the cymbals between the plates.

Surrounding plates 11, 12 of transducer 10' is a sealant 30,
such as polyurethane, to keep water and the like out of the
spaces within cymbals 15, and out of the space between plates 11,
12. This permits transducer 10 to operate underwater, e.g. in -
low frequency shallow water sonar applications. Illustration of
§éalant 30 with the embodiment of figure 3 is exemplary only:
sealant such as 30 can be employed édvantageously with the
embodiments of figures 1-2, or any embodiment within the scope of
the invention, to permit underwater use.

Example

Three transducers of the kind of figures 1 and 2 were

fabricated and tested as follows: |

Cymbal fabrication. Cymbals were made using a poled
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piezoceramic disc (18), Department of Defense Type VI, more
commonly known as PZT-5H sandwiched between and mechanically
coupled to two brass caps 14, 16 (figure 4), each of which
contains a shallow air-filled cavity on its inner surface as
shown in figure 3. The caps convert and amplify the small radial
displacement and vibration velocity of the piezoceramic disk into
a much larger axial displacement and vibration velocity normal to
the surface of the caps.

The caps are prepared by first cutting blank disks from a
sheet of metal foil, in this case 0.20 mm thick brass. These
blanks are shaped using a die press to produce the desired
dimensions. The caps are ﬁhen bonded to the poled PZT disk using
a very thin (approximately 20 pm) layer of epoxy. Finally, the
entire assembly is allowed to cure at room temperature for at
least twenty-four hours while under moderate pressure.

Cymbals of two types were used, Type-1 and Type-2, differing

from one another only in their specific dimensions, which were :

Ref# Parameter Dimension
Type-1 21 PZT diameter 12.7 mm
22 PZT thickness 1.00 mm
23 Cap diameter 12.7 mm
24 Cap thickness 0.20 mm
25 Cavity depth 0.20 mm
26 Base cavity 9.00 mm
diameter
. 27 Apex cavity 3.00 mm
diameter
Type-2 21 PZT diameter 25.4 mm
22 PZT thickness 1.00 mm
23 Cap diameter 25.4 mm
24 Cap thickness 0.20 mm
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25 Cavity depth 0.20 mm
26 Base cavity 18.00 mm
diameter
27 Apex cavity 6.00 mm
diameter

where "Ref #" refers to reference numerals on figure 3, which
corresponds to the dimension in the above table.

Panels. A close packed array of cymbal actuators 15 were

sandwiched between two stiff cover plates for the purpose of
developing a large area actuator with a uniform surface
displacement/force profile. Three active actuator panel designs
were 1nvest1gated Panel A had sixty-four Type-1 single element
cymbals connected mechanically and electrically in parallel in an
8x8 square arrangement between two 100 mm by 100 mm by 2.275 mm
thick stainless steel plates, to form a transducer 10 of the kind
illustrated in figure 1-2. Panels B and ¢ were similar, only
being each in a 4x4 array, and using sixteen‘Type—Z cymbals.
Panel B hadlstainless steel plates of the stainless steel of the
same dimensibns as those of Panel B; Panel C again had plates of
the same dimensions, but used carbon reinforced graphlte
composite, which is nearly as stiff as stainless steel, but is
over five times lightér. (The carbon graphite plafes were copper
plated to provide an electrical contact.) In all three panel
'configurations,~the plates are bonded to the top and bottom tips
of each of the cymbal elements using silver conducting epoxy. The

following table summarizes resonant frequencies f, measured for
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the individual cymbals, and the panel arrays.

Element £,

Type-1 18.400 kHz
Type-2 5.095 kHz
Panel A 2.328 kHz
Panel B 0.645 kHz
Panel C 0.950 kHz

From which one can see that the

resonant ffequency of each

panel was substantially lower than that of the individual cymbal

actuators. In particular, panels B and C were reduced in resonant

frequency well within the 50 to 1000 Hz band of particular

interest to active control devices, and panel A was reduced in

resonant frequency to that order of magnitude. Further details of

the experiment underlying this Example are given in J.F. Tressler

and T.R. Howarth, Thin, Low Frequency,

High Displacement Actuator

Panels, MATERIALS RESEARCH INNOVATIONS 2, 270-277 (Springer Verlag

1999) . This article is incorporated herein by referenced for all

purposes.

The invéntion has been described in what is considered to be

the most practical and preferred embodiments. It is recognized,

however, that obvious modifications to these embodiments may

occur to those with skill in this art.
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Abstract of the Invention

An electro-acoustic transducer in which a.plurality of cymbal-
Lype electro-acoustic actuators are disposed in mechanical and
electrical parallel between a pair of stiff plates. The resultant

transducer resonates at a lower frequency than the cymbals, with

a greater generated force.
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