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Measurement method with a pressure-velocity sensor for measuring surface normal
o e 2 impedance of materials using ensemble averaging
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With the rapid progress of computer technology, numerical simulations based on wave equations such as finite
element method (FEM) and boundary element method (BEM) have become powerful tools for conducting
acoustical investigations and carrying out design processes. Alihough the boundary conditions of such
simulations are generally modeled using surface impedance, insufficient impedance databases may have been
supplied to date. What is problematic is that in many rooms and environmental acoustic problems within the
lower frequency range, roughly less than 1000 Hz, wave-based considerations are required, whereas various
in-situ impedance measurements frequently encounter difficulties because of the wave characteristics of the
sound.,

To overcome the situation, numerous in-sify measurement techniques have been proposed. Different aspects
of methods taking into account e.g. type of sound incident, the concept of locally reacting, geometrical
procedures and etc. to develop the great interest in being able to measure the absorption characteristics of
material in-situ. Generally, most of these methods are based on the assumption of plane wave approximation. It
can be concluded that most of the in-sifu measurement techniques are still remain the problem: e.g (i) low
frequency restriction, (if) measurement of weakly absorbing materials, (iif) complicated equipment used i#-situ,
(iv) practicality of the relative positioning of a sound source, microphone and sample, cte.

From these reasons, Takahashi, Otsuru ef al. proposed the method of surface normal impedance at random
incidences using a two-microphone technique and ambient noise for obtaining absorption characteristics of
porous materials at field incidence. Several measurements were conducted in various environments fo measure
the normal surface impedance of glass wool and rock wool. The results showed good repeatability and wide
applicability. However, adequate consideration of the geometrical configuration was not given on the level of
detai! of a practical measurement.

~ Meanwhile, with the development of the particle-velacity sensor i.e. Microflown, alternative measurement
techniques become possible for direct measurements of impedance and other related particle velocity quantities.
The small pressure-velocity sensor (pu-sensor) enables measurement of the pressure and particle velocity
practically at almost identical points only a few millimeters from the sample surface. The pu-sensor offers the
development and refinement of the two-microphone technique to obtain the surface normal impedance at random
incidence,

Further along with abovementioned, Chapter One is an introduction and purpose in this research project. Past
and present literatures among the relevant studies are briefly reviewed and discussed related issues to be
considered in dealing with the in-sifu measurement. The discussion involves the capability of each technique,
limitation of geometrical configuration, as well as the integration between theory and corresponding
measurement,
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In Chapter Two, the pertinent concepts of ensemble averaged surface normal impedance and a basic
technique to measure it using a pu-sensor are discussed. A series of simulations using the boundary element
method (BEM) and corresponding measurements are conducted to examine the validity and superiority of the
concept and technique to conventional ones such as a reflection method. Several simulations of glass wool both
at normal and at random incidences demonstrated that the ensemble averaging decreases the interference effect
cause mainly by the specimen's edges. In addition, consideration of isotropy and anisotropy of glass wool in the
BEM simulation at random incidence are described. The expected value of surface normal impedance of the
glass wool is remarkably improved with anisotropy consideration when comparing with those measurement
results.

Chapter Three discusses the investigation if’ different geometrical configurations such as the sensor height
and the sample size for measuring the acoustics behavior of absorptive material. A series of BEM simulations is
conducted to examine the effects on the resulting absorption characteristics. Corresponding measurements are
conducted to determine the validity of the proposed method. The resulting absorption characteristics both
simulations and measurements demonstrate the accuracy and general utility of the proposed method for various
application.

Chapter Four there are three parts to be discussed, first part is discussed the compatison between the two type
of sensors to obtain the absorption characteristics of the materials. Then, the second part describe the plausibility
of the proposed method in terms of sound absorption characteristics when comparing with the conventional
method i.e. impedance tube method, Lastly, the trial application with selected materials with reliable specimen
size was carried out to impress the ubiquitous examination of material's absorption characteristics at different
sound fields such as in architectural spaces.

Chapter Five conclude the overall research project in this thesis. It then provides recommendation for the
project improvement as well as for future research.
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