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Summary

In this article an attempt to determine the effect of composite temperature and humidity test on
the sound absorption coefficient for commonly used materials in vehicles is described. Three types
of fibrous materials were selected. The absorption coefficient was determined for material samples
and then the materials were tested with composite temperature and humidity test. After the test,
the sound absorption coefficient was measured again. The difference between the absorption
coefficients before and afterthe test shows the actual effect on the sound absorption. Animpedance
tube was used to determine the absorption coefficient. Results are presented in graphs and tables
for three types of fibrous materials. The method of measurement is described and conclusions are
drawn.
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Streszczenie

W pracy przedstawiono probe okreslenia wptywu temperatury i wilgotnosci na wspotczynnik pochtania-
nia dzwieku materiatow powszechnie stosowanych w samochodach. Do badan wybrano trzy rodzaje
materiatu wtoknistego. Dla probek materiatu wyznaczono wspotczynnik pochtaniania dzwieku, a na-
stepnie probki te poddano ztozonej probie temperatury i wilgotnosci. Po wykonaniu testu temperaturo-
wo-wilgotnosciowego ponownie wyznaczono wspotczynnik pochtaniania dzwieku. Roznica pomiedzy
wspotczynnikami pochtaniania przed i po tescie przedstawia rzeczywisty wptyw temperatury i wilgot-
nosci dla danej probki materiatu. Do wyznaczenia wspotczynnika pochtaniania dzwieku wykorzystano
rure impedancyjna. Wyniki przedstawiono w formie wykresow i tabel dla danego materiatu. Opisano
przebieg pomiarow oraz powstate wnioski.

Stowa kluczowe: wspotczynnik pochtaniania dzwieku, materiaty dzwiekochtonne, akustyka, rura
impedancyjna

1. Introduction

The sound absorption coefficient describes the acoustic absorption of the interior of a ve-
hicle. Long-term influences of environmental factors occurring in vehicles such as vibra-
tion, humidity, temperature or exposure to exhaust gas can affect the structure of the
sound absorbing materials covering elements inside the vehicle, and thus the sound ab-
sorption coefficient.

A review of the scientific literature on this issue shows that relatively few studies have
been published describing the impact of the above mentioned environmental factors
on the sound absorption coefficient. In fact, manufacturers are focused on meeting the
acoustic requirements of new materials, rather than anticipating changes in materials’
acoustic parameters over time.

The influence of the environmental factors occurring in vehicles during typical vehicle op-
eration on acoustic properties is not controlled. Materials are only tested prior to aging
tests. For this reason, a vehicle even a few years old can change its acoustic properties
if subjected to unfavorable environmental factors.

The sound absorption coefficient is also a low priority compared to other requirements
related to the automotive applications, hence the problem of sound absorption is not often
described in publications. Nevertheless, there are few studies related to this topic [1].

In this article an attempt to determine the effect of some environmental factors on the
sound absorption coefficient for commonly used fibrous materials in vehicles is described.
For this purpose normal incidence sound absorption coefficients of samples of the materi-
als, before and after aging tests, were measured in the range of 80-5000 Hz in 1/3 octave
bands (range of narrow band spectrum 50-6600 Hz). The tests were carried out on materi-
als used in components of the vehicles' interiors.

The sound absorption coefficient was measured according to (ISO 10534-2, 1998), the
method covers the use of an impedance tube, two microphone locations and a transfer-
function method [2].
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2. Environmental factors occurring in vehicles

The most important environmental factors that may affect the properties of materials ab-
sorbing sound inside vehicles are: humidity, temperature and contamination like exhaust
gas, dust, dirt, liquids (oil, water), dust [3], as well as wood dust [4]. Vibrations can also
be an additional factor. These environmental factors have an influence on the faster aging
of the material.

Due to the increasing number of vehicles on the world's roads, the problem of the impact
of the road surface (asphalt) on traffic noise has recently been seriously addressed. Low-
noise surfaces are increasingly used. This type of surface loses its acoustic properties
over time, so from a few year ago, many studies have been published on the impact of pol-
lutants on the sound absorption coefficient of asphalt [5]. On the other hand, there have
been few publications on the impact of the above mentioned environmental factors on the
sound absorption coefficient of fibrous materials used in automotive applications.

Publications related to the influence of similar factors on other properties, such as heat
transfer [6] or pollutants, not related to the automotive applications, are more common [7].

3.Tested objects

Fibrous materials, characterized by very good acoustic properties, are commonly used in
automotive applications. Three types of such material were used in the tests: two materials
25 mm thick ('blue poroso' and 'green poroso') and one material approximately 7 mm thick
('thin poroso'). Three samples of each material were cut in order to determine the disper-
sion of measurements. The samples were cut using special rotating cutters of 100 mm and
30 mm diameter (fig.1). The dimensions of the samples are determined by the impedance
tube used in the test. This allows covering the full frequency range of 50-6600 Hz (this is
the measuring range of the impedance tube and the most important range for absorber
materials in vehicles).

The physical properties of the tested material samples are shown in table 1.

Fig. 1. Samples: 2100mm - left view, 230mm - right view (from up: blue poroso, green poroso and thin poroso)
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Table 1. Physical properties of tested material samples

Diameter 100 mm Diameter 30 mm
Thickness
Sample No. (m] Mass Density Mass Density
[kg] [kg/m?] [kg] [kg/m®]
1 0.025 0.01654 84.2 0.00144 81.5
2 0.025 0.01754 89.3 0.00160 904
Blue poroso
3 0.025 0.01847 94.1 0.00144 81.5
mean 0.025 0.01752 89.2 0.00149 84.5
1 0.025 0.01515 77.1 0.00118 66.8
2 0.025 0.01422 724 0.00131 74.1
Green poroso
3 0.025 0.01441 734 0.00088 49.7
mean 0.025 0.01459 74.3 0.00112 63.5
1 0.007 0.00574 104.4 0.00062 125.9
: 2 0.007 0.00592 107.6 0.00060 120.7
Thin poroso
8 0.007 0.00671 122.1 0.00054 109.9
mean 0.007 0.00612 1m.4 0.00059 118.8
4. Methods of tests

4.1 Determination of the sound absorption coefficient

An impedance tube (AFD 1000-AcoustiTube, SinusMesstechnik GmbH) was used to deter-
mine the sound absorption coefficient. The impedance tube includes:

- atube with inner diameter 30mm and 100mm,

- two microphones GRAS (46BD %4" ICP),

- aspeaker module and amplifier.

The method of determining the sound absorption coefficient is based on the 1SO 10534-2

norm. Apparatus fordetermining the sound absorption coefficient is shown in fig. 2. A scheme
of the impedance tube with symbols appearing in formulas (1) ... (4) is shown in fig. 3.

Fig. 2 Apparatus for determining the sound absorption coefficient - impedance tube
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Fig. 3 Scheme of impedance tube [2]

The Complex Reflection Coefficient according to IS0 10534-2 [2] is defined as follows:

Hip—H i
= 1277 p2jkoxy (1)
HR—Hi2

where:

H,, - complex acoustic transfer function,

H, - transfer function of incident sound wave,
Hp, - transfer function of reflected sound wave,

k, - complex wave number,
x; - distance from the test sample to the centre of the further microphone.

The transfer function of the incident sound wave is defined as follows (2):

H, =22 = g—Jko(x1—x2) = p=Jkos, ()
P11l
where:
x; - distance from the test sample to the centre of the further microphone,
x, - distance from the test sample to the centre of the nearest microphone,
P, - the sound pressure of the incident wave in the second position of the microphone,
p ;- the sound pressure of the incident wave in the first position of the microphone,

The transfer function of reflected sound wave is defined as follows (3):

Hp = ZZ_R = efko(x1—x2) = gikos (3)
1R

where:
Por - the sound pressure of the reflected wave in the second position of the microphone,
p ;g - the sound pressure of the reflected wave in the first position of the microphone,
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Sound absorption coefficient:

a=1-|r|>?=1-1r>-1? 4)

where:
r,.— real part of complex acoustic reflection coefficient,
r; - imaginary part of complex acoustic reflection coefficient.

4.2 Composite temperature and humidity test

In this paper the effect of composite temperature and humidity test on the sound ab-
sorption coefficient was determined. For this purpose, the results of the sound absorption
coefficient presented in 1/3 octave bands were compared before and after the composite
temperature and humidity test.

The composite temperature and humidity test was carried out in accordance with the fol-
lowing sequence:

- 20 hours at -40 °C,

- 2hours at + 23 °C and 50% RH,
- 20 hours at + 90 °C,

- 2hours at + 23 °C and 50% RH,
- 20 hours at + 50 °C and 95% RH.

Test parameters were determined based on the analysis of environmental standards and
tests used in research of materials in the automotive applications.

Each sample was conditioned at room temperature for 24 hours before and after the com-
posite temperature and humidity test.

5.Results

The sound absorption coefficient was measured before exposure to temperature and hu-
midity cycles. For each large sample (g100 mm), three measurements were made in two
frequency bands (1/3 octave bands): 80-250 Hz (low frequency LF) and 315-1600 Hz (high
frequency HF). For small samples (30 mm) were also made three measurements, but only
in one frequency range (1/3 octave bands): 2000-5000 Hz (HF). Such a number of meas-
uring ranges covers the entire previously mentioned range of the narrow band spectrum
50-6600 Hz.

Before each measurement, the sample was removed from the tube and re-installed to
minimize errors due to imprecise mounting in the impedance tube. The repeatability of
results (included in the determined values of type A uncertainty) showed that the effect
of fixing the sample on the final result was minimal.
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The sound absorption coefficient was measured after exposure to temperature and hu-
midity cycles using identical boundary conditions (position of the sample face with re-
spect to the microphones, re-installing the samples for every measurement, performing
three measurements).

Two of the three types of material were found to increase their volume (thickness) due
to the temperature and humidity to which they were exposed. It should be noted that
the thickness measurement of this type of material is quite uncertain due to its surface
(measuring accuracy was about 1 mm, so for the material that is 7 mm thick, the error is
about 14%). Changes of thickness and density in samples due to temperature and humidity
are summarized in table 2 and table 3.

Averaged graphs were made on the basis of the obtained results from three samples (to-
tal of 9 measurements). Results for measurements before and after the temperature-hu-
midity test are presented in fig. 4. Graphs of changes in the sound absorption coefficient
as a function of frequency are presented in fig. 5. The summary results are presented in
table 4.

Table 2. Changes in sample thickness due to temperature and humidity

Sample 6100mm Sample 230mm
Thickness Thickness Thickness Thickness
Sample No.
P before test aftertest Change before test aftertest Change
[mm] [mm]
[mm] [mm] [mm] [mm]

1 25 31 6 25 30 5
25 35 10 25 32 7

Blue poroso
3 25 85 10 25 30 5
mean 25 34 9 25 31 6
1 25 26 1 25 26 1
25 26 1 25 27 2

Green poroso

25 26 1 25 26 1
mean 25 26 1 25 26 1
1 7 7 0 7 7 0
2 7 7 0 7 7 0

Thin poroso
7 7 0 7 7 0
mean 7 7 0 7 7 0
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Table 3. Changes in sample density due to temperature and humidity

Sample 6100mm Sample 30mm
Density Density Density Density
Sample No.
P beforetest aftertest Ch[atyn]ge beforetest aftertest Ch{ayn}ge
[kg/m?] [kg/m?] ° [kg/m?] [kg/m?] :
1 84.2 67.9 -19.4% 81.5 67.9 -16.7%
89.3 63.8 -28.6% 90.4 70.6 -21.9%
Blue poroso
94.1 67.2 -28.6% 81.5 68.0 -16.7%
mean 89.2 66.2 -25.7% 84.5 68.9 -18.5%
1 77.1 74.2 -3.8% 66.8 64.2 -3.8%
72.4 69.6 -3.8% 74.1 68.6 -7.4%
Green poroso
73.4 70.6 -3.8% 497 47.8 -3.8%
mean 74.3 7.5 -3.8% 63.5 60.3 -5.1%
1 104.4 104.4 0.0% 125.9 125.9 0.0%
: 107.6 107.6 0.0% 120.7 120.7 0.0%
Thin poroso
122.1 122.1 0.0% 109.9 109.9 0.0%
mean 1m.4 1m.4 0.0% 118.8 118.8 0.0%
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Fig. 4 Results of the sound absorption coefficient presented in 1/3 octave bands - before and after the
composite temperature and humidity test
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Fig. 5 Changes in the absorption coefficient
Table 4. Summary of sound absorption coefficient measurements
2 Fre Before test o, Aftertest a, Changea, - a,
g [Hzc;- Thin Green Blue Thin Green Blue Thin Green Blue
n poroso poroso poroso | poroso poroso PoOroso | poroso poroso  poroso
80 0.016 0.024  0.035 0.027 0.041 0.049 0.012 0.017 0.014
uw 100 | 0026 0.036 0.045 | 0.038 0.051 0.063 0.012 0.014 0.018
E 125 | 0.027 0.045 0.054 0.087 0.058 0.075 0.010 0.013 0.021
= 160 0.031 0.065 0.07 0.028 0.062 0.083 | -0.003 -0.003 0.013
— 200 | 0.025 0.067 0.058 | 0.028 0.066 0.075 0.003 -0.001 0.017
260 | 0.027 0.086 0.092 | 0.029 0.073 0.118 0.002 -0.014 0.025
315 | 0.027 0.087 0.176 0.029 0.131 0.237 0.002 0.044 0.060
400 | 0.033 0.185 0.264 | 0.034 0.208 0.354 0.001 0.023 0.090
L 500 | 0.035 0.268 0.354 | 0.034 0.282 0.45 -0.001 0.015 0.097
E 630 | 0.052 0.358 0.497 0.049 0.397 0.608 | -0.003 0.039 0.am
S 800 0.07 0.503 0.621 0.073 0.537 0.727 0.003 0.034 0.106
= 1000 | 0.086 0.635 0.731 0.094 0.672 0.828 | 0.008 0.037 0.097
1250 | 0.109 0.769 0.815 0.117 0.8 0.894 | 0.009 0.032 0.080
1600 | 0.149 0.878 0.871 0.161 0.902 0.93 0.012 0.025 0.059
2000 | 0.186 0.883 0.869 | 0.203 0.907 0.925 0.017 0.024 0.057
T 2500| 0268 0959 0.899 0.278 0.97 0.933 | 0.009 0.01 0.034
EB]SO 0.35 0.987 0.903 0.361 0.988 0.917 0.01m 0.002 0.015
S 4000| 0.443 0.977 0.884 | 0.465 0.971 0.901 0.022 -0.006 0.017
5000 | 0.591 0.954  0.886 0.615 0.949 0.91 0.024 -0.005 0.026
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Forthe above measurements, uncertainty of measurement type A related to the dispersion
of measurement results was determined,. For materials: 'thin poroso' and 'green poroso’,
the maximum uncertainty was 0.022 and for material 'blue poroso’ was 0.050. Due to the
comparative nature of the research, type B uncertainty (related to measuring equipment)
was not determined.

6.Conclusions

The research shows that the sound-absorbing material subjected to temperature and hu-
midity tests corresponding to those found in cars in everyday use not only does not lose
its acoustic properties, but also there is a chance of sound absorption increase (in the
case of a 'blue poroso' this can be a noticeable increase). This is probably related to the
simultaneous increase in volume and hence porosity.

It can be concluded that the changes in the sound absorption coefficient for 'thin poroso’
and 'green poroso' are within determined uncertainty range.

The change in absorption coefficient is not constant over the entire frequency range. For
materials 25 mm thick ('blue poroso' and 'green poroso'), the biggest differences in the
sound absorption coefficient can be observed in the range of 315 Hz to 2 kHz. It is logi-
cal that if above 2 kHz the absorption coefficient is above 0.9, then it can't be increased
much beyond that point. For the third material ('thin poroso’), the sound absorption coef-
ficient increased with increasing frequencies up to the upperrange (in the range of 800 Hz
to 5000 Hz). This is probably due to its low thickness.

The third material ('thin poroso’) changed its absorption coefficient the least with prac-
tically no increase in thickness. The material of the blue poroso changed its density by
a maximum of about 29%; the 'green poroso’ a maximum of about 7% while the density
of 'thin poroso’ remained practically unchanged.
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