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Abstract

Abstract

Nearfield acoustic holography (NAH) is a powerful tool for identifying
noise sources and visualizing acoustic field. By measuring the plural sound
pressures on a hologram surface close to the noise sources, the acoustic
quantities such as sound pressure, particle velocity and sound intensity at
any point in the three—dimensional acoustic field as well as the sound pow-
er radiated by sound source can be reconstructed or determined. Firsty, the
history of NAH has been reviewed, and the current status and problems to
be solved have also been analyzed. In order to overcome the rigid require-
ment on the measuring size of the hologram surface in the spatial transform
of sound field based NAH (STSF based NAH), the statistically optimized
method based NAH has been developed. For overcoming the shortcomings
of the routine wave superposition approach based NAH (WSA based
NAH) in the holographic reconstruction of the coherent acoustic field and
the semi— free acoustic field, combined wave superposition approach based
NAH and NAH for the semi—free acoustic field have been presented. The
dissertation is summarized as follows:

In chapter one, the history of NAH has been reviewed, the current sta-
tus and problems to be solved have also been analyzed. The advantages and
disadvantages of different kinds of implementation algorithms of NAH
have been analyzed too. Then the solutions to these problems have been
presented and the main research content of this dissertation has been deter-
mined.

In chapter two, the sound field superposition theory is used to prove
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the formulas of the statistically optimal planar nearfield acoustic hologra-
phy. A simple and effective method, which is used to choose the wave
number vector, is proposed. To overcome the limitation, that sound field
on one side of hologram surface must be free, on application of the normal
statistically optimal planar nearfield acoustic holography, the sound field
separation technique with two hologram surfaces is proposed.

In chapter three, statistically optimal cylindrical interior and exterior
nearfield acousticholography have been presented. The acoustic field sepa-
ration technique of the statistically optimal cylindrical nearfield acoustic ho-
lography has also been developed.

In chapter foure, the statistically optimized method based NAH has
been brought into the spherical coordinates, and the statistically spherical
interior and exterior nearfield acoustic holography have been developed.
Samely, the acoustic field separation in the spherical coordinates has also
been developed.

In chapter five, the theoretical basis and description to determine solu-
tion has been given, and the basic formulation of WSA has been deduced.
Based on this, the holographic reconstruction and prediction formulations
of the WSA based NAH have been built. The ill—posed nature of the holo-
graphic process and its regularization strategy has been investigated deeply.
Several regularization approaches as well as several regularization parame-
ter selection methods havealso been introduced.

The routine wave superpositionapproach cannot be used in reconstruc-
tion and prediction of a coherent acoustic field, because it is impossible to
separate the pressure generated by individual sources. A novel method
based on the combined wave superposition approach is developed to recon-
struct and predict the coherent acoustic field in chapter six.

In chapter seven, by taking the reflected pressure into consideration,
the acoustic holography of the semi—{ree field based on the wave superpo-

sition approach is proposed to realizc the holographic reconstruction and
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Abstract

prediction of the semi—{ree acoustic field, and the wave superposition ap-
proach is adopted as a holographic transfer algorithm.

In chapter eight, anacoustic measuring device has been designed. U-
sing this device as a helpful tool, the acoustic field radiated from a clamped
point—driven steel plate is investigated with the statistically optimal planar
nearfield acoustic holography.

In chapter nine, researches in this dissertation have been summarized,

and the topics need further study have been proposed.

Keywords: Acoustic holography, Statistically optimized, Wave super-
position approach, Combined wave superposition approach, Inverse prob-

lem
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