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Abstract
In this paper a direct measurement approach able to determine the normal acoustic impedance of sound-absorbing
materials using laser Doppler vibrometer (LDV) is presented. The results of measuring a number of typical soundabsorbing materials are given in comparison with the results obtained by standard two-microphone method (ISO
10534-2) using impedance tube. It is shown that the results obtained by the direct method differ significantly from
the results of standard measurements in some individual frequency bands, but have good agreement in wide
frequency intervals.
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1. Introduction
Environmental noise is one of the urgent global problems. Whatever resources are spent by a
country or industrial branch on noise abatement, the problem remains to be persistent.
Moreover, on the background of the fresh legislative limitations on the noise level, actuality of
the problem is only growing.
In transport, residential and public buildings and in various industrial sectors the analysis of
technical aspects of this problem has shown that the key role in abating environmental noise
belongs to the noise-reducing design and sound-absorbing materials or composites. In
connection with the widespread use of sound-absorbing fibrous-porous materials and
composites to reduce noise, the requirements for the accuracy of determining the acoustic
parameters characterizing their sound-absorbing properties are also increasing. Despite the
popularity and prevalence of various methods for identification the acoustic parameters of these
materials based on impedance tube (Kundt tube or acoustic interferometer), there is often a
significant discrepancy in the results obtained by different authors for the same materials, due
to the considerable inaccuracy in measuring wave resistance or impedance. In addition, this
method has significant limitation on the upper and lower limits of the frequency range due to
sample size, diameter, and tube length. Lack of impedance measurement accuracy leads to
incorrect results of calculations of sound pressure levels or the magnitude of its reduction due
to the use of this noise-reducing structures as a result, their use may be ineffective.
It is often of interest to determine the true acoustic properties in specific conditions (in-situ),
for example, in a vehicle cabin because acoustic impedance values are obtained in a closed tube,
which does not correspond to the acoustic conditions in real cabins and salons of vehicles or
premises.
In general, acoustic impedance is understood to mean the complex acoustic resistance of a
medium, which is the ratio of the complex amplitudes of the sound pressure to the volume
vibrational velocity of the particles of the medium, which is calculated as the product averaged
over the area of the vibrational velocity of the particles of the medium and the area for which
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the acoustic impedance is determined [1]. Unlike the impedance of a layer of material of finite
thickness, depending on how this layer is located in the structure, the characteristic impedance
is not a function of the layer thickness and characterizes the material as a whole as an infinitely
long medium [2]. Thus, this value is the most universal acoustic characteristic.
Application of the scanning laser Doppler vibrometer has been described in [3] for absorption
measurement of acoustic materials and in [4] for material properties identification using
ultrasonic waves. In the present work, an attempt has been made to assess the possibility of
determining the normalized acoustic impedance based on direct non-contact measurements of
the normal component of vibration velocity on the sample surface and the corresponding sound
pressure acting on this surface.

2. Materials and Research methods
The magnitudes of the normalized acoustic impedance were measured for four test samples
with known normal impedance values and sound absorption coefficient. The samples are made
of polyurethane foam with a density of 23-34 kg/m3 with a thickness of 25 and 50 mm. The
samples differed from each other by the degree of porosity and resistance to blowing through
constant air flow. The resistance to blowing out samples made from material E2507 (No. 1 and
No. 2) is almost 2 times higher than the resistance to blowing through samples No. 3 and No. 4
made from material ST2536. The sound absorption coefficients of the samples were determined
by the method of a standard acoustic interferometer in accordance with GOST 16297-80
"Sound-proof and sound-absorbing materials. Test Methods".
Table 1 shows the numerical values of the sound absorption coefficient of samples, determined
with an accuracy of ± 0.01, at frequencies corresponding to the average geometric frequencies
of 1/3 octave bands.
A general view of the experimental setup for direct measurement of the acoustic impedance of
materials is presented in Fig. 1. The configuration of the measuring system, which is based on
the PULSE 3560 5-channel vibroacoustic spectrum analyzer (shown in Figure 2), includes
multi-field measuring microphone (Bruel&Kjaer) adapted for near-field measurements, laser
Doppler vibrometer "VH-1000-D" (Ometron) for non-contact measurements of the normal
component of vibration velocity on the sample surface, and an omnidirectional sound source
"OmniSource" 4295 (Bruel&Kjaer) to create a broadband stationary sound pressure (white
noise) on the surface of the sample.
Table 1. Sound absorption coefficient of the test samples

Frequency, Hz
250
315
400
500
630
800
1000
1250
1600

Sound absorption coefficient
Sample_1 Sample_2 Sample_3 Sample_4
0.09
0.19
0.08
0.12
0.10
0.20
0.09
0.13
0.12
0.34
0.12
0.18
0.19
0.5
0.13
0.22
0.26
0.68
0.15
0.27
0.39
0.88
0.20
0.38
0.55
0.98
0.22
0.49
0.82
0.95
0.31
0.62
0.97
0.83
0.38
0.72
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Fig. 1 The experimental setup for direct measurement the normal acoustic impedance of sound-absorbing
materials: 1 – laser Doppler vibrometer; 2 – multi-field measurement microphone; 3 - omnidirectional
sound source; 4 – test samples of the sound absorbing material mounted in the part of impedance tube
close (without clearance) to the rigid piston

In the proposed method, acoustic impedance is defined as the ratio of the sound pressure (Pi)
acting on the sample surface to the corresponding normal component of the vibrational velocity
(Vn) on the sample surface of the sound-absorbing material. Thus, the determined impedance
value is its magnitude and is below compared with the corresponding magnitude of the
normalized impedance obtained by the two-microphone method. The measurements were
performed in the frequency range of 0-2000 Hz. It should be noted that in the proposed method
the upper limit can be extended up to 20 kHz, however, considering the limitations of
measurements in an impedance tube, we consider the range up to 2 kHz for ease of comparison
of the results obtained by two methods. Samples of the material were set in the console against
the rigid base.
To obtain comparative measurement results on normal acoustic impedance we used well-known
two-microphone method [5] with Type 4206 (Brüel & Kjær) Impedance Tube. The twomicrophone method involves the decomposition of broadband stationary random signal into its
incident and reflected components. The signal is generated by sound source, and the incident
and reflected components are determined from the relationship between the acoustic pressures
measured by microphones at two locations on the wall of the tube.
From the incident and reflected components of the sound pressure at two microphone positions,
three frequency response functions are calculated: H1, the frequency response function; Hi,
frequency response function associated with the incident component; and Hr, frequency
response function associated with the reflected component. Using these values, the complex
reflection coefficient (R) is calculated from the following equation

 H  H i  j 2 k (l s )
e
R   1
,
H

H
1 
 r

(1)

where k is the wave number, l is the distance between the first microphone location and the
front of the sample, and s is the spacing between the microphones.
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Using this value for the reflection coefficient, the normalized impedance ratio (z/ρc) can be
calculated from the following equation

z 1 R

c 1  R .

(2)

Fig. 2 Impedance measurement tube Type 4206 and 5-channel analyzer of vibroacoustic spectra PULSE
3560 (Brüel & Kjær)

3. Experimental results and discussion
The results of contactless measurements of vibration velocity and sound pressure on the surface
of test samples are presented in figures 3-6. The magnitude of normalized impedance calculated
using results of contactless measurements of vibration velocity and sound pressure on the
surface of samples are presented in figures 7-10 with the results obtained by standard twomicrophone method (ISO 10534-2) using impedance tube.

Fig. 3 The results of measuring the sound pressure
and the normal component of the velocity of the
sample No.1 (foam brand E 2507, thickness 25
mm)

Fig. 4 The results of measuring the sound pressure
and the normal component of the velocity of the
sample No.2 (foam brand E 2507, thickness 50
mm)
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Fig. 5 The results of measuring the sound pressure
and the normal component of the velocity of the
sample No.3 (foam brand S 2536, thickness 25
mm)

Fig. 6 The results of measuring the sound pressure
and the normal component of the velocity of the
sample No.4 (foam brand S 2536, thickness 50
mm)

It is shown that the results obtained by the direct method differ significantly from the results of
standard measurements in some individual frequency bands, but have good agreement in wide
frequency intervals. As can be seen from the presented results, the best match for the two
considered methods is observed for materials (Sample No.1 and Sample No.2) with high
resistance to air flow, regardless of their sound absorption coefficient and thickness.

Fig. 7 The magnitude of normalized impedance of
the Sample No.1 (foam brand E 2507, thickness 25
mm)

Fig. 8 The magnitude of normalized impedance of
the Sample No.2 (foam brand E 2507, thickness 50
mm)
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Fig. 9. The magnitude of normalized impedance of
the Sample No.3 (foam brand S 2536,
thickness 25 mm)

Fig. 10. The magnitude of normalized impedance
of the Sample No.4 (foam brand S 2536,
thickness 50 mm)

Conclusions
A wide spectrum of sound-absorbing materials and composite materials has been developed in
the recent decades to solve noise problems in various industries, transport and residential areas.
In connection with this, the requirements for the accuracy of acoustic calculations of noise
reduction values and the effectiveness of their use in real structures increase. Wave resistance
or impedance of the medium is one of the most important and universal acoustic characteristics
of materials.
In the present work, an attempt has been made to assess the possibility of determining the
normalized acoustic impedance based on direct non-contact measurements of the normal
component of vibration velocity on the sample surface and the corresponding sound pressure
acting on this surface.
The results of contactless measurements of vibration velocity and sound pressure on the surface
of samples are presented. Using these values, the magnitudes of the normal impedance are
calculated. It is shown that the results obtained by the direct method differ significantly from
the results of standard measurements in some individual frequency bands, but have good
agreement in wide frequency intervals.
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