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1 INTRODUCTICN

It is necessary to have data on the acoustical absorption of
various surfaces, for example to accurately predict the sound field in
an enclosure. This data includes the variation of absorption with angle
of sound incidence. To enable such data to be obtsined, 2 free field
method has been developed to obtain detailed information on the acoustic
impedance of a surface. The absorption coefficient may be obtained from
the impedance. .

The method uses a broad band noilse source, two microphones, and
a twin channel analyser. One brief measurement gives data over a wide
band of fregquencies. iIn this paper we are concerned with the effect on
the measured result of; the gain and phase mismatch between the two
instrumentacion channels, the accuracy of measuring the distance of the
microphones from the sample, but in particular the diffraction of sound
waves from the edges of the sample.

. A number of sound absorbing layers based on glasswool have been
measured. Measurements have also been made om soft grassland. In all
cases, the resules have egreed well with accepted theory. Successful
measurements have been made in the frequency range from 80 to &000Hz.
Mowever, S50 as to highlight the festures of interest, in this paper
results are shown in the range from 200 to 2200Rz.

2 The Method

Figure 1 shows the measurement setup. The source is a height H
above the sample. The sound is incident at an angle 6. The microphone
positions are defined by the top microphone height x, and the microphone
separation s. A typical measurement setup is H=1.6m, x=65mm, $=50mm and
g=60degrees.
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The pressure at any polint above the surface can be predicted
assuming a point source and an infinite locally reacting plane [1}]. 8y
predicting the pressure at two positions, the transfer function between
twvo microphone positions is calculsted. But the trensfer function and
the positions of the microphones are measured in the experiment. The
only unknown in the sound field predictions is the impedance of the sur-
face. So the impedance of the surface is found from the sound field
predictions using & simple iteration technique. An equivalent technigque
15 described by Champoux (2], aleng with & review of the basic methods.

3 Measurewment Accuracy

The measurement accuracy 1s determined by three factors:

i) the gain and phase mismatch between the two Instrumenta-
tion channels

i1) the accuracy of measuring the experimental geometry

iii) and the diffraction of scund waves from the edges of
the sawple, which 1s related to sample area.

Each of these factors will now be discussed.

3.1 Gsip and Phase Nigwatch

The gain and phase nmismatch between the two instrumentsation
channels are corrected for 'using a cslibration wmeasurement. A
microphone switching technique in an Impedance tube 15 wused, 4s
described by Chung and Blaser [3]. The calibretion measurewent is made
for each experimental setup.

The significance of the gain and phase mismgtch between the two
. microphone channel instrumentation systems 1is {1llusirated by figure 3.
In the figure, two impedance curves have been calculgted from the same
measurement. The first curve was calculated with the calibration
applied, and the second curve without. The effect Is seen to be most
significant at the lower frequencies, when the difference between the
pressures &t the microphones is very small. The low frequency limit of
the measurement is the frequency at which the transfer function tends
towards unity.
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Figure 3 also illustrates a range of higher frequencies for
which the mesgsurement is not valid. In this case with a microphone
separation of 75mm, the range is from about 1800 to 2200Hz. When an
integer number of half wavelengths exists between the microphones, the
pressures at the wmicrophone surfaces &re again very similar, and again
the transfer function tends to unity. The resuit is a small band of
frequencies at which the calculated impedance is inaccurate.
Experiments have shown that at frequencies above 2200Hz., the method
becomes accurate again.

3.2 The Experimentzl Geometry.

. The experimental geometry is used to calculate the
impedance from the transfer function. The dimensions of Interest are;

1) the top microphoﬁe height, 1i) the microphone separation,
ii1) the source height, and iv) the angle of sound incidence.

Each of these can be measured with an accuracy which can be
determined. These parameters are concerned with the precision of the
experimental set-up.

Due to messurement errors, the actual impedance of a sample will
1ie within & known band of values. The error due to each parameter was
found by a computer simulation., The results indicate that the technique
is most sensitive to errors in the wessured parsmeters in the following
order. . Microphone separacion, top wicrophone height, angle of sound
incidence, and source to surface height. This ranking indicates that
greatest effort should be made in determining the microphone positions,
rather than in positioning the sound source. These conclusions support
the findings of 8 different kind of numerical by Champoux [4].

Typical measuring accuracles are, source height 1.6 + 0.05m, top
microphone height 65 + O0.lmm, microphone sepgration 530 + 0.02mm, and
angle of sound incidence 60 +1.2 degrees. Further analysis using the
computer simulation shows the relative importance of the uncertainties
associated with each measurement error to be as follows; angle of sound
incidence, source to surface height, wmicrophone separation, and top
microphone height. This ranking iIndicates that the measuremwent errors
quoted above are small for microphone positions.
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3.3 The Effect of Sample Area.

Figure 2 shows various sample areas used in experiments to
investigate the effect of the diffraction of sound waves from the edges
of the saowple. Figures 4,5,6 & 7 show the real and imaginary parts of
the normglised impedgnce calculated from investigations using various
samples, areas, and angles of sound incidence. In the graphs, the real
part of the impedance is positive, slightly thicker curve, while the
imaginary part of the impedance is the nagative curve. The samgles ware
based on a glasswool with a specific flow resistance of 35kNs/m".

Figure 4 shows the results for various areas with an angle of
sound incidence of 60 degrees. Figure 5 shows the results for varilous
areas with normally incident sound, using glasswool samples with a hard
backing. At normal incidence the measured Impedance is seen to be more
sensitive to the sample area than for oblique incidence sound, The
megsurements shown iIin figures 4 and 5 were made with & microphone
separation of 75mp, which gives a acceptable frequency range of 150 to
2200Hz., as discussed above. Figure & shows the results for areas of
5x5 units and 3x3 units of glasswool samples with an air backing, using
normally incident sound. The mesgsurewents iIn figure 6 were made with &
microphone separation of 125mm, which gives an acceptable frequency
range of 90 to 1300Hz. '

These graphs show that the measured impedance is different for
each sample area. The frequencies below which the results differ from
those of the largest area measured, the 5x5 units, are seen to be about
10008z for the 1x1 unit, and about 400He. for the 3x3 units. These
frequencies correspond to two wavelengths of approximstely 0.3m and
0.9m, which is the distance between the probe and the sample edge in
each case. This indicates that cthe differences in measured impedance
gre due to diffraceion from the edges of the ssmple &Brea.

Figure 7 shows the impedance measured for a fixed sample area of
5x5 units, with angle of. sound incidence of 0, 45, and 60 degrees. The
impedance curves are seen to become swmoother as the angle of incidence
increases. Considering the behaviour for lower frequencies, with
normally incident sound the diffraction effedéts from gll the sample
edges are the same at the position of the probe sbove the centre of the
square sample. At oblique incidence however, the diffraction effects
from each side are different, so no build up of edge effects occurs.
The smoother behaviour at higher frequencies 13 due to the different
path length differences of the direct and reflected paths at oblique
incidence., The transfer function does not tend to unity, as it does in
the normal incidence case.
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3.4 Other sources of Error.
Some other factors of interest are;
1)  the angie of the probf,
ii) the directivicy of the source,
ii11) the accuracy of the trausfer function,
iv) diffraction due to wicrophone holders and pre-amps, and

v) precise location of the point st which the microphone
measures the pressure.

These factors are not considered in this paper.

4 Discussion

Systematic errors have been found to determine the low frequency
1imir of the measurement. At low frequenciles;-

i) the pressures at the microphone surfaces are very similar,
and the transfer function tends to unity.

i1) the distance from the source to the centre of the sample
becomes significant, as at small distsnces the source no longer
acts as a peint source.

i111) the dimensions of the room become significant, &s the low
frequencies become attenuated when the smallest dimension of the
room 1§ less than two wavelengths.

iv) the area of the sample becomes important, due to diffraction
from the sample edges.

Similarly, at higher frequencies when the microphone separation
equals nA/2, where n is an integer and A the wavelength, the pressures
at the wmicrophone surfsces are very similar, and again the transfer
function tends to unity. This situation 1Is less significant at obligque
angles of sound i1ncidence, due to the different path lengths of the
direct and reflected signals.
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Although the impedances in the frequency range 200 to 400Hz. Iin
figures 4,5 and & appear to vary widely for different sample areas,
these results have been found to be highly repeatable. This indicates
that the difference In measured impedance is due to diffraction frow the
edges of the sample area. While investigations to relate the source
neight to the edge effects have proved inconclusive, the results
presented in this paper indicate thst in order to neglect edge effects,
the minimum dimension from the probe to the semple edge should be
greater than twice the wavelength in air of the lowest frequency of
interest.

Research 1s underway to reduce the edge effects of & square sam-
ple through the use of & directional sound source. The two-wicrophone
technique has been used to characterize a nmowinglly locally reacting,
non-plane surface. On the other hand, unresolved topics include; the
theoretical description of the acoustic fleld above & finite Jocally
reacting impedance plene in the free field, and the acoustical chargc-
terization of non-locally reacting materisls, using the above technique.

5 Summary

A4 free field wethod to obtain detailed information on the
gcoustic impedance of a surfsce, uging broad band noise and a tvo-
microphone transfer function technique was discussed. Of particular
importance were the effects on the measured result of messurewent &nd
systematic errors. Results were shown in the frequency range 200 to
22008#z., so as to highlight the features of Interest including; the
diffractfon of sound waves from the edges of the sample, wmegsurement
errors due to the accuracy of measuring the experimental geometry, and
systematic errors due to the tendency of the measured transfer function
to unity. An Important result 15 that the megsured impedance curves are
seen to become smoother as the angle of Incidence increases.
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