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Abstract

The general trends and principles of active structural acoustic control when applied to double
panel systems are investigated to determine the respective advantages and limitations of this
approach. Included is the application of a novel hierarchical control approach which may reduce
the controller complexity and the collinearity issue for large order controllers. This research was
initiated by an interest in studying the noise transmission path from the noise field generated by
an advanced turboprop engine through the aircraft fuselage and the interior trim into the interior

acoustic field which can be modeled as a double panel system.

The system studied was a double panel model consisting of two rectangular, uniform, flat plates
separated by a sealed air cavity, mounted in a transmission loss test facility and excited by an
oblique acoustic plane wave. Piezoelectric control inputs were mounted directly on the double
panel system incident or radiating plates. Error sensors were microphones placed in the acoustic
free field. The cost function was defined as the total radiated sound power from the double panel

system. The investigation was carried out analytically with experimental verification.



Results of active structural acoustic control (ASAC) applied to double panel systems indicated
that the best control performance was exhibited by a double panel system controlled by PZT
control actuators mounted on a sandwich board radiating plate. The sandwich board radiating
plate double panel system exhibits a decreased coupling of the incident and radiating plates and a
lower modal density which results in increased uncontrolled and controlled transmission loss.
Piezoelectric (PZT) control actuators should be mounted on the radiating plate of a double panel
system which can couple into the radiating acoustic field better than actuators mounted on the
incident plate. As expected, better control is achieved with more control actuators since a more
distributed forcing function can be attained. However, for on-resonance excitation, the increased
number of actuators decreases performance due to collinearity of the actuators which results in

spillover.

Results of the biologically inspired hierarchical (BIO) control algorithm indicated that significant
performance increases over a one output channel controller were attained for all of the BIO
methods while performance lagged compared to a full order controller with the same number of
control channels. One advantage of the hierarchical control structure was the ability to avoid the
collinearity issue when the degrees of freedom .excited in the double panel system was less than
the number of control channels. In this instance, the hierarchical structure exhibited less spillover

than a fully adaptive LQOCT controller.
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1. Introduction

The environment in which humans spend most of their time has become louder due to the
increased mechanization in our society. Unfortunately, these increased noise levels have
detrimental physiological and psychological effects on humans. The physiological effects of
noise can range from harmless to painful and physically damaging (Kinsler, et. al., 1982). The
most common form of physically damaging effect is hearing loss, which became prevalent
enough to be included in the Occupational Safety and Health Act (OSHA) of 1970. In OSHA, the
permissible noise exposure levels were regulated for industries doing business with the U.S.
Federal government. The psychological effects can range from negligible to annoyance and anger
to psychologically disruptive. Although no government regulation has been implemented, it has
been well documented that humans will experience increased fatigue when exposed to high noise
levels. Therefore, by controlling the noise level in the environment, the psychological and
physiological effects can be minimized resulting in more productivity in the workplace, a more

pleasant experience on a plane flight, etc.

There are two methods of noise control, passive and active. Passive noise control primarily
changes the physical properties of a structure to reduce the amount of radiated noise using
absorptive materials, vibration dampers, etc. Unfortunately, the effectiveness of passive

techniques is limited to relatively high frequency applications where the acoustical wavelength is



relatively small. For low frequency applications, the acoustical wavelength is relatively long
(approximately 1 meter at 343 Hz) and passive techniques require large heavy installations.
Active noise control (ANC) techniques have shown promise to reduce the radiated noise from
vibrating structures by employing a secondary source(s) to cancel the offending vibration and/or
noise without the disadvantages of passive techniques such as weight and size. Active noise
control has evolved from using acoustic secondary sources to using vibration secondary sources
directly mounted on the offending structure, known as Active Structural Acoustic Control
(ASAC) (Fuller, 1989). This approach has been extensively verified analytically and

experimentally.

The development of ANC and ASAC technology is largely motivated by an interest in reducing
the interior noise levels of aircraft. Currently, propeller driven aircraft experience a serious low
frequency interior noise problem at the blade passage frequency and its harmonics. Also, recent
developments in turbofan technology (ultra high bypass turbofans and unducted fans) will lead to
increased low frequency noise fields impinging on the exterior of the aircraft fuselage thereby
making the interior noise problem worse (Mixson and Powell, 1984). Since traditional methods
of low frequency noise reduction require heavy damping material which will offset the

performance gains of the turbofans, ASAC has been extensively investigated for this application.

The application of ASAC technology to control aircraft interior noise has mainly focused on
controlling the fuselage of the aircraft. However, the application of control actuators to the
fuselage has shown several disadvantages. Studies have shown that ASAC of the interior noise

field can produce increased vibrational energy of the fuselage at some locations, which leads to a



concern of structural fatigue (Silcox, et al. 1992) (Thomas, 1992). In addition, implementing
control actuators on the fuselage shows other key disadvantages. Installation and repair of
sensors and actuators would be extremely difficult since the structure is not removable. Design of
a fuselage for dynamics conducive to more effective noise attenuation is limited. Most of these
disadvantages are the result of the fuselage doubling as a pressure vessel and is therefore subject

to strict FAA regulation.

In addition to the fuselage, exterior noise must also transmit through the interior trim of a modern
aircraft. The application of control actuators to the interior trim was seen to have distinct
advantages. There is likely to be no increase in fuselage vibrational energy. Panels can be
removed allowing facilitated installation and repair of sensors and actuators. Design of the panel
can be changed to be more conducive to transmission. In general, advantage can be taken of the

double panel behavior.

To test the above hypothesis, Camneal and Fuller (1995c) performed an experimental
investigation on a double panel system, which is a simplified model of the aircraft fuselage and
interior trim. In particular, the influence of the location of the piezoelectric control actuators
(fuselage vs. trim) and radiating panel stiffness on double panel transmission loss was
determined. It was found that the application of the control inputs to the radiating panel resulted
in greater transmission loss (TL) due to its direct effect on the nature of the structural-acoustic
coupling between the radiating panel and the radiated acoustic field. Also, a double panel system

with a stiffer radiating panel resulted in increased attenuation due to passive and active effects.




















































































