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ABSTRACT

This paper summarises theoretical and experimental work on the feedback control of sound radiation from
honeycomb panels using piezoceramic actuators. It is motivated by the problem of sound transmission in aircraft,
specifically the active control of trim panels. Trim panels are generally honeycomb structures designed to meet the
design requirement of low weight and high stiffness. They are resiliently-mounted to the fuselage for the passive
reduction of noise transmission.

Local coupling of the closely-spaced sensor and actuator was observed experimentally and modelled using a single
degree of freedom system. The effect of the local coupling was to roll-off the response between the actuator and sensor
at high frequencies, so that a feedback control system can have high gain margins. Unfortunately, only relatively poor
global performance is then achieved because of localisation of reduction around the actuator. This localisation prompts
the investigation of a multichannel active control system. Globalised reduction was predicted using a model of 12
channel direct velocity feedback control. The multichannel system, however, does not appear to yield a significant
improvement in the performance because of decreased gain margin.
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Fig. 1. Resiliently-mounted honeycomb panel under
a single channel active feedback control system. (a)
the panel under the test having plastic feet at the
corners, the coil for the primary source at (0.05,

0.05) and sensor/piezoceramic  actuator at

(0.7LX,(‘).7L},) and (b) panel system

Table 1. Parameters of the resiliently-mounted
honeycomb panel

Notation  Unit Value Description
L, m 0.7 length of the panel
L, m 04 width of the panel
h, mm 0.5 thickness of the panel
h, mm 3.0 thickness of the panel
P kg/m’ 2535 average density of
the panel
ol kg/m’ 507 density of the skin

P9 kg/m’ 169 density of the core

M kg 0.212 Mass of the panel
E Pa 14.8x10° Young’s modulus
v - 0.3 Poisson’s ration
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Fig. 2. Simplified theoretical model consisting of the
equivalent honeycomb panel, the lumped masses due
to sensors such as accelerometers and force
transducers, and the local coupling model
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Fig. 5. Measurement of the response functions of the

honeycomb panel supported by wire. (a) Point
mobility function measurement using a minishaker.
(b) Response function measurement using a
piezoceramic actuator
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Fig. 6. Comparison of the measured point response
function(dashed line) with the calculated(solid line)
for the force actuator.

Fig. 7. Comparison of the measured response
function(dashed line) with the calculated(solid line)
for the piezoceramic actuator with an accelerometer
on the opposite side of the honeycomb panel.
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Fig. 10. Control performance of a resiliently-
mounted (x =4) honeycomb panel disturbed by a

concentrated force at (0.05,0.05) (solid line), and

when subjected to the single channel direct feedback
control with sensor/piezoceramic actuator at
(0.7L,,0.7L,) with gain of 1000(dashed line). (a)

Total kinetic energy, (b) total acoustic power.
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Fig. 12. Measured reduction of the total velocity level
distributions integrated at different bandwidths,
(a)up to 25Hz, (b) 100 to 300Hz, (c) 300 to 500 Hz and
(d) 500 to 800Hz, of the resiliently-mounted (x = 4)
honeycomb panel disturbed by a concentrated force
at (0.05,0.05) , and when subjected to the single
channel direct feedback control with feedback gain of
225, using the piezoceramic  actuator at
(0.7L,,0.7L,)) . The square mark on the shading

denotes the location of the piezoceramic actuator.
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Fig. 16. Control performance of a resiliently-
mounted (x =4) honeycomb panel disturbed by a

concentrated force at (0.05,0.05) (solid line), and

when subjected to the 12 channel diréct feedback
control with sensor/piezoceramic actuators with gain
of 120(dashed line). (a) Total kinetic energy, (b) total
acoustic power.

Averaged v Reduction

Fig. 17. Calculated total velocity level distribution
integrated from S500Hz to 800Hz of a resiliently-
mounted honeycomb panel disturbed by a
concentrated force at (0.050.05) , and when

subjected to the 12-channel direct feedback control
with feedback gain of 120. The square mark on the
shading denotes the location of the piezoceramic
actuators.
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Fig. 18. Normilised control performance of a
resiliently-mounted honeycomb panel disturbed by a
concentrated force at (0.05,0.05) , and when
subjected to the 12-channel direct feedback control.
The normalisation is carried out up to 1kHz. (a)

Qormalised total kinetic energy, (b) normalised total
acoustic power.
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