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The Influence of PZT Actuators
Positioning in Active Structural Acoustic
Control

P. Svec, V. Jandak

This paper deals with the effect of secondary actuator positioning in an active structural acoustics control (ASAC) experiment. The ASAC
approach is based on minimizing the sound radiation from structures to the far field by controlling the structural vibrations. In this article a
rectangular steel plate structure was assumed with one secondary actuator attached to it. As a secondary actuator, a specially designed
piezoelectric stripe actuator was used. We studied the effect of the position of the actuator on the pattern and on the radiated sound field of the
structural vibration, with and without active control. The total radiated power was also measured. The experimental data was confronted
with the results obtained by a numerical solution of the mathematical model used. For the solution, the finite element method in the ANSYS

software package was used.
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1 Introduction to ASAC

Active Structural Acoustics Control (ASAC) is a treatment
for reducing the low-frequency sound radiated by a structure
to the far Weld. This method is a combination of two other
methods — Active Noise Control (ANC) and Active Vibration
Control (AVC). The object of ASAC is similar to that of ANC
but the control mechanism is closer to that of AVC. All of
these methods use secondary actuators to ensure the desired
control criterion — ANC uses sound sources, while AVC uses
mechanical force sources. The object of AVC is to minimize
(locally or globally) the vibration pattern of a controlled struc-
ture [3, 5]. This could increase the total radiated power due to
the fluid structure coupling phenomenon. Thus it is not ap-
plicable when radiated sound is at the centre of our interest.
ANC utilizes the destructive interference of sound waves to
achieve its object. This creates zones of quiet in the original
sound field, but the overall energy density increases. In cases
when we want to reduce radiated sound globally or reduce the
total radiated power, other control strategies (e.g. ASAC)
must be applied.

The total power II radiated by a planar source, e.g., a vi-
brating panel, is proportional to the normal velocity of its sur-
face, and can be expressed as
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where £ is the wave number vector magnitude, ki, kv are its

components in the x and y directions, p and ¢ are air density
and phase speed of sound respectively, I, is the 2D k-space
Fourier transform of the normal velocity of the vibrating
surface, and () means the real part of its argument. There-
fore by controlling the distribution of the normal velocity
over the surface we can control the radiated power. This is the
basic idea of ASAC, which acts mechanically on the surface of
a vibrating body to change its vibration pattern.
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2 Flexural waves in thin plates

Let us consider a simple situation — a thin plate radiating
sound due to its vibrations. If the thickness of the plate is
negligible in comparison with its other dimensions, the most
important type of waves (in terms of sound radiation) are
flexural waves. Thus we have to solve a twodimensional elastic
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Fig. 1: Coordinate system orientation of the plate.

motion problem. According to thin-plate theory [2, 6], the
equation of motion in such a case is
4 6214
EIV u + phy =—p(x, 1) . (2)

Where E is Young’s modulus, / is the moment of inertia
per unit width, % is thickness of the plate, p is density of the
plate, and p(x, y, t) is a general load function (in units of force
per unit area). The biharmonic operator V 4 can be expanded
in a Cartesian coordinate system into the following form

4 4 4
V4u:6—z+2% a—ff (3)
ox ax~dy dy

Let us consider a rectangular plate clamped on the two
shorter sides and free on the other two sides, see Fig. 1. We
can write boundary conditions [1] for the clamped sides (at
x=0and x =a)
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and for the free sides (at y=0 and y=0)
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Fig. 2: Shape of the first six modes of the plate

u=0 —=0. (5)

At the beginning of our analysis, the free vibrations of the
plate were solved to obtain modes of the system. For the solu-
tion, the ANSYS software package was used. Fig. 2 shows the
shapes of the first six modes.

Table 1: Frequencies of the first six modes of the plate

mode 1 2 3 4 5 6
f[Hz]

276 | 772 99.7 153 206 | 255.7

2.1 Forced vibration — shaker load function

Fig. 3: Forced vibrations of the plate (point-force actuation at
x =215mm), [ =125and 200 Hz, solved by ANSYS

Let us assume forced vibrations of the plate caused by a
harmonic point force source. This condition appears on the
right side of equation (2), and it should be written using the
Dirac function as

Fup0) =F O(x —x;) 8(y — y;) /", (6)
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where x; and y; are coordinates where the force is applied and
the force amplitude I has units of force per unit area.

2.2 Secondary actuator — load function

To control sound radiation, secondary actuators have to
be applied. For the experiment, an actuator was constructed
based on piezoelectric stripe actuators. The stripe actuator
was produced by APC International, Ltd [7]. It is a piezo-
ceramic (PZT) bending actuator. The actuator consists of two
thin strips of piezoelectric ceramic bonded together, with the
direction of polarization coinciding. Electrically, the strips are
connected in parallel. When an electrical input is applied, one
ceramic layer expands and the other contracts, causing the
actuator to flex. The stripe actuator has a relatively small
blocking force (approximately 0.1-1 N) but a large displace-
ment. The maximum displacement is up to 2 mm when the
actuator is fixed in a cantilever mounting configuration. The
first resonant frequency of the selected PZT strip (Catalog No.
40-1040 [7]) was 70 Hz. To optimize the effect of the stripe ac-
tuators, they were clamped to the metal frame in a cantilever
mounting. The frame was then attached directly to the steel
plate, see Fig. 4. As the piezos oscillate, the bending moment

metal frame piezoelectric strip
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/
fixed end steel plate

Fig. 4: Schematic cross-section of the actuator design and mount-
ing on the plate

is revealed at the clamped end of the PZT actuator. This
moment is transmitted through the frame to the primary
structure, acting as a line moment load function [2]. The ef-
fect of the added mass of the frame and PZT actuators is
almost negligible when active control is turned on, as will be
shown below.

To describe the effect of the line bending moment acting
in the y-axis direction, we should add another term to the
right side of equation (2)

m(x,y,0) =M & (x — x) /. (7)

The symbol ¢'(x) means derivative of the Dirac delta func-
tion with respect to its argument, and M is the moment ampli-
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DIST
Fig. 5: Theoretical plate displacement values along the x-axis by
the FEM model for single point force actuation and for
two positions of the secondary actuator (x = 4and 12 cm),
active control is off

tude (in units of moment per unit length). Finally, we have to
solve the equation

2
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3 Experimental setup

All experiments were performed in an anechoic room in
the acoustical laboratory of the Department of Physics, Czech
Technical University in Prague, Faculty of Electrical Engi-
neering. In the experiments, a baffled rectangular steel plate
was used. The dimensions of the plate were 300X60X 0.5 mm
and the boundary conditions were as described in the previ-
ous sections. An electrodynamic shaker was used as a point
force actuator. It was mounted on the plate 215 mm from the
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Fig. 6: Effect of the added mass of the secondary actuator on the
system response —without the actuator, and with it placed
on the node and antinode at f =125 Hz
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Fig. 7: Effect of the added mass of the secondary actuator on the
system response — without the actuator, and with it placed
on the node and antinode forf = 200 Hz

origin in the x-direction and 30 mm in the y-direction (the
orientation of the plate in the coordinate system is shown in
Fig. 1). Only pure harmonic excitation was used. The frequen-
cies selected for our experiments were 125 and 200 Hz. The
structural vibrations of the plate were measured along the
x-axis, in the center-line of the plate for both frequencies and
various positions of the secondary actuator (node, antinode).
In this first experiment, the active control was set to off, so
only the effect of the added mass on the specific locations was
observed. Of greatest importance, of course, was the case
when the atuator was placed directly on the antinode. In such
cases, the vibration pattern was changed. Typically a new local
node arises close to the actuator position, see Fig. 6 and Fig. 7.

This result corresponds well with the theoretical observa-
tions provided by the FEM model, see Fig. 5. The effect of the
added mass on the sound radiation was within 3 dB. Com-
pared with the effect of active control, this was negligible.
Active control was able to reduce the radiated sound pressure
level by more than 30 dB with harmonic excitation.
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Fig. 8: Vibration pattern for /=200 Hz with active control (AC
on), actuator placed on the node — marked by the hatched
cross on the x-axis, the black cross marks the position of
the shaker
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Fig. 9: Vibration pattern for [ =200 Hz with active control (AC
on), actuator placed on the antinode — marked by the
hatched cross on the x-axis, the black cross marks the posi-
tion of the shaker

In Figs. 8 and 9, the actuator was placed on the node and
antinode, respectively. The vibration pattern was measured
with the active control turned off (AC off) and then with the
active control turned on (AC on). The dashed curve shows the
torced vibrations of the primary structure without the actua-
tor mounted on it. The displacement amplitudes increased
overall, while the minimum sound pressure level was ob-
served. This result is in good accordance with fluidstructure
coupling theory and with the theoretical discussion presented
in this paper.

Fig. 10: Sound field 30 cm above the baffled plate at frequency
200Hz, active control is turned on

4 Conclusion

This paper presents theoretical and experimental studies
of thin plate vibrations and the effect of an added secondary
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actuator which controls the structural response of the system
to minimize radiated sound. The results show that a piezo-
electric stripe actuator attached to the plate in a cantilever
mounting is able to control the radiation effectively and al-
most independently of its position. The mass added to the
plate (due to the actuator mounted on it) has its most signifi-
cant effect on the mechanical response when placed between
two nodal lines (on the maximum of the standing wave —
antinode). In this case, the vibration pattern is changed and a
new nodal line arises close to the position of the mounted
actuator. This conclusion corresponds well with the FEM
model results. However, when the position of the actuator
mounting is on the nodal line, the vibration pattern stays the
same, as we had expected. When active control is turned on,
both positions of the actuator lead to a decrease in the sound
pressure level. The total radiated power decrease, measured
with an intensity probe, is 10 dB.
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