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Abstract: - Micro-perforated panels (MPP) are made and used for decades, a number of researchers
proposing to use MPPs for enclosures, featuring the benefits of using them outside as sound barriers,
studying the effect of vibration of these panels, which can reduce the sound absorption. Experimental
method of transfer function for a series of measurements using the impedance tube was made in order to
determine the sound absorption coefficient (o). The resulted values of o for two proposed sets of MPPs,
were analyzed and compared, also observing the importance of the air cavity behind the MPP. Some
conclusions are observed and compared to the Helmholtz resonator properties.
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1. INTRODUCTION

Nowadays the absorption of sound becomes more
important because of the increasing number of noise
sources. Undesirable sound can be kept away from
different area by mounting several acoustical
structures such as: barriers (natural or artificial),
sound absorption materials, membranes or panels
backed by air cavity etc. A certain type of these
absorbing structures is the so called micro-
perforated absorber (MPA), becoming more and
more employed for the absorption of sound.

Compared to traditional perforated panel
absorbers, the absorption of the sound energy can be
significantly improved due to the small holes of the
micro-perforated panel (MPP). Due to the fact that
they are effective only in a narrow frequency band
around the resonance frequencies, the researches are
oriented to enlarge the frequency bandwidth [3], [7].

During its propagation, a sound wave can be
reflected, diffracted, transmitted and absorbed by the
obstacles present in the acoustic field. The most
important in this approach is the absorption of the
acoustical energy, which is not allowing the sound
wave to return in the propagating environment.

The sound wave propagation differential equation
in one direction is given by Eq. (1) [1], [2], [6],
relation which is also used for the impedance tube
measurement approach:
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where c is the sound speed in air [m/s], x is the
distance of soundwave propagation [m], p(x,?) is the
sound pressure [N/m’] and ¢ the time [s].

The complex form of the solution of the equation
(1) is represented by relation (2) and indicates the
presence of two sound waves the incident and
reflected one [1], [6]:

p:A.ejk(ot—x) +B'ejk(c-t+x) (2)

where A is the amplitude of sound pressure for the
wave propagating in the positive way, B is the
amplitude of sound pressure for the wave
propagating in the negative way and k is the wave
number.

If the length of the tube or the propagating space
is very large the second term of the right member
from Eq.(2) will be zero, meaning that there isn’t
any reflected sound wave.

The main component of an MPA structure (Fig.1)
is the micro-perforated panel which can absorb the
sound energy in a frequency bandwidth of one to
two octaves. If in the back air cavity a layer of sound
absorbing material is added, the frequency range for
an efficient sound absorption is increased [8]. The
main geometric parameters of the MPA are shown in
Figure 1, and they are represented by the distance
(D) between MPP and the rigid wall, the radius (r,)
of a micro-perforation, the distance (b) between
adjacent micro-perforations and the thickness (t,) of
the MPP.
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In the transfer function method, by the
investigation of the wave patterns existing in the
impedance tube, sound absorption data are
determined. This method involves the determination
of the transfer impedance. The sound source that
generates the acoustical waves is placed at one end
of the tube and the MPP backed by the air cavity and
arigid wall is placed at the opposite end.
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Figure 1. The micro-perforated absorber

In this article a series of measurements made
with the impedance tube from D.LEN.C.A.
laboratory at University of Bologna, Italy, are
presented. The main goal was to observe the
differences regarding the sound absorption
coefficient (o) for five different samples of MPP
placed at specified distances from a rigid back-plate.
We are also interested in studying the sound
absorption coefficient in case of placing the five
MPP samples at the same distance (D) (Fig.1).

The transfer function method can also be applied
for sound absorbing structures composed of more
than a single micro-perforated panel [9].

2. ASPECTS REGARDING THE
ACOUSTIC TRANSFER FUNCTION
METHOD

The transfer function method involves the use of
two microphones which measure the acoustic
pressure [11]. Transfer function of a system
represents the ratio between the output and the input
of the system. For the impedance tube case the input
of the system is represented by the sound pressure of
the incident wave, and the output is given by the
pressure of the reflected wave as a response of the
MPP.

Plane sound waves are generated by a sound
source (the loudspeaker) inside the tube. By
measuring the sound pressure level in two points
(microphone locations), the sound field profile in the
tube is determined.

The tube should be long enough to enable the
forming of plane sound waves along the propagation
way. If the microphones are placed apart at a

distance equal to half of the wavelength, the pressure
recorded is irrelevant.

The complex transfer function between the two
microphones (Hj;;) can be expressed by the
following relation:

Hyp =812/51 3)
where Sy, is the cross spectrum obtained from the
complex product p, pik , Where pl* is the complex
conjugate form of p; and S;; is the auto-spectrum
obtained from the p; pik product.

Hj, may also be defined by using the equation (4)
for a noisy input of the system or equation (5) for
excess of noise at both the input and the output. For
each frequency the generated transfer function
presents a real and an imaginary component.

Hyp =82/87 )
where S, is the auto-spectrum obtained from the
pop> product and S,; is the cross spectrum obtained
from the complex product p, p; , where p; is the
complex conjugate form of p,:

Hyp = | == ()

The computation of reflection factor (R) on
normal incidence is given by the expression (6) [11].

R=R, +jR; = Mejkal (6)
Hp—Hyp
where R, is the real component of reflection factor,
R; is the imaginary component of the reflection
factor and x; is the distance between the MPP and
the farthest microphone (Fig.2).
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Figure 2. Normal and interchanged positions of the
microphones

H;, the transfer function for incident sound wave is
given by the equation (7):

H; = Pai _ - jks
pii @)
where s is the distance betweene the microphones,
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P1is P2i are the acoustical pressures recorded by each
microphone for the incident sound wave.

Hg is the transfer function for the reflected sound
wave, given by the equation (8):

Py _ ks
Pir (®)
where py,, par are the acoustical pressures at each
microphone for the reflected sound wave.

Hp =

By knowing the reflection factor, the sound
absorption coefficient can be calculated [5], [6] by
using the expression (9).

a=1-|R? ©)
3. THE EXPERIMENTAL METHOD AND
RESULTS

Before starting the measurement the tube is
functioning for about 10 minutes for the temperature
to stabilize, followed by the calibration of the
impedance tube consisting on the temperature
measurement and the correction of the microphone
mismatch (especially if they are not identical).

The sound source is placed at one end of the tube
and the material sample is located at the opposite
and rigid end of the tube.

The normal sound wave source can be
represented by a chirp signal (Fig.3), a pseudo-
random sequence signal also known as a maximum
length sequence (MLS) depicted in Figure 4 or a
random signal shown in Figure 5.
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Figure 3. A chirp signal sample

As can be seen from Figure 3, a chirp signal is
characterized by the continuously increasing (up-
chirp) or decreasing (down-chirp) of the frequency
with time while the amplitude is constant [12].
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Figure 4. A MLS signal sample

For the experimental method the MLS signal was
used. This is basicaly a deterministic pseudorandom
sequence of binary numbers with the main
characteristic that its auto-correlation approximates
the Dirac delta function [7].

The advantage of a linear chirp over a MLS
sequence is that its power can be concentrated in a
specified frequency range [4].
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Figure 5. Representation of a random signal

To determine the speed of sound cr in the
impedance tube, the formula (10) is used, which
takes in consideration the measured temperature T
['K], knowing that the sound speed in air at 20'C is
343.2 m/s. The denominator from equation (10)
represents the equivalent temperature in [K] for
20 C.

cr =34324T /293 (10)

A temperature of 23.5°C has been recorded
during the measurements for all MPP samples,
which coresponds to a sound speed of 356.7m/s.

Thus, the transfer function measurement (H;,)
and calculation of the calibration factor H, are made
by using the relations (3) and (11) respectively [11],
with the observation that the microphones are
interchanged as can be seen in Figure 2.

He =Hiy/ i (1)
where H{, is the transfer function for the normal

position of the microphones and H 115 is the transfer
function for the interchanged position of the
microphones.

The measurements have been done independently
for each of the two frequency ranges: 100-900 Hz
(range B) and 222-2000 Hz (range A). In that case
the position of one microphone had to be changed,
resulting also the modification of the distance
between microphones as can be seen from Figure 6.
This microphone spacing is related to the sound
wavelength which decreases with the increasing of
the frequency. Thereby, for the low frequency range
(B) case, the distance s is larger than for the (A)
frequency range case.
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Figure 6. Placing the microphones for the two frequency
ranges

The samples have a uniform distribution of the
micro-perforations over the sample surface, as can
be seen from the Figure 7. The micro-perforations
are placed on lines and columns, in a matrix grid.

For the studied set of samples the distance (b)
between holes, has been doubled for Wood6 sample
in comparison to the Wood3 sample. The same
situation is for the pair of Plastic4 and Plastic2
samples. The thickness (t,) of the plastic samples is
measuring 7mm and of the wood samples is of
10mm. The diameter (d,) is Imm for the wood
samples and 0.7mm for the plastic set. The diameter
of each MPP sample equals the diameter of the
impedance tube, which is of 100 mm.

Figure 7. The MPP samples used for sound absorption
measurements

The dimensions of the MPP samples are
collected in Table 1.

Table 1. The geometric dimensions of the MPPs

MPP | t,(mm) | d,(mm) | b(mm)
Wood3 10 1 3
Wood6 10 1 6
Plastic2 7 0.7 2
Plastic4 7 0.7 4

Pmixt 5 0.3&0.7 5

Considering different distances (D) between the
sample and the rigid back-plate, namely: Om, 0.01m,
0.02 m and 0.04 m air cavity depth (Figure 8), series
of measurements have been done. The depth D of
the air cavity was doubled for each set of
measurements. The air gap can be filled partially or

like

totally with acoustic insulation material
FiberForm [10].

P}-

Figure 8. Positioning the MPP at different distances
from the rigid back-plate; a — MPP backed by the rigid
end; b — MPP with an air cavity of 0.01 m; ¢ — MPP with
an air cavity of 0.02 m; d — MPP with an air cavity of
0.04 m

The Figures (9) to (12) show the plot of the
sound absorption coefficient versus frequency for
five samples of MPP.

It can be noticed that placing the MPP right near
the reflective surface doesn’t have a good absorption
of sound energy (Fig. 9). The highest value of a is
equal to 0.2 and is present especially for the MPPs
made of wood. The peaks around 1850 Hz are due to
the band limit of the frequency range applied for the
measurements.

D=0.00 m
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Sound absorption coefficient

Wood3

Figure 9. The sound absorption coefficient variation for
MPPs placed at 0 m from the rigid back

In the Figure 10, one can observe the curves of
sound absorption coefficient for each MPP. For the
range of interest (100-2000 Hz) the lowest value
occurs for the sample Plastic2 which corresponds to
the MPP made of plastic and distance between
micro-perforations of 0.002 m.

The graph that corresponds to the MPPs made of
wood, such as Wood3 and Wood6 from Table 1,
show that modifying the distance between orifices
gives different frequency range for maximum sound
absorption coefficient.
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Figure 10. The sound absorption coefficient variation for
MPPs placed at 0.01 m from rigid back-plate

Increasing the distance between the MPP and the
rigid back of the impedance tube, different result of
a are obtained and represented in Figure 11.

The maximum values for all sample are higher
than 0.6, the best results being for the MPP with
holes of differente diameter (0.0003m and 0.0007
m).
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Figure 11. Sound absorption coefficient variation for
MPPs placed at 0.02 m from rigid back-plate

For an air cavity depth of 0.04 m the sound
absorption coefficient variations are presented in the
Figure 12. In the frequency range of 300 to 700 Hz
for each MPP (except Plastic2) the absorption
coefficient o exceeds 0.8 for an important frequency
interval.
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Figure 12. Representation of sound absorption coefficient
for MPP placed at 0.04 m from rigid back-plate

Due to the high acoustic resistance in the small
perforations of the MPP the acoustical energy is
attenuated. Thereby, an MPA can be optimized in
terms of the cavity depth and also of the geometrical
parameters [4].

4. CONCLUSIONS AND FURTHER
RESEARCH

The complex transfer functions based on the two
signals (incident and reflected) are used for the
determination of the complex reflection factor,
sound absorption coefficient and impedance ratio of
the tested absorbing structures.

From the experimental procedures it can be
noticed that enlarging the air cavity between the
MPP and the rigid back-plate, the frequency interval
for the maximum and efficient sound absorption is
decreasing. This observation is confirmed by the
Helmholtz resonator behavior with a resonant
frequency depending on the volume of the air cavity.
If the volume becomes larger the frequency at which
the sound absorption coefficient becomes maximum
is decreasing. Thereby, a MPA can be regarded as a
multitude of Helmholtz resonators, each with a neck
length t, and an unsplited air volume of depth D.

It can be also observed that the peak
corresponding to each maximum sound absorption
coefficient becomes sharper with the increasing of
the positioning distance of the MPP relative to the
rigid back plate and it is shifted to left in the
frequency axis for each doubling of the distance D.

The largest frequency range for values of a
greater than 0.5, appears to be for Wood3 sample.
For the back air cavity equal to 0.02 m, respectively
0.04 m, two types of MPP samples have almost the
same absorption, namely: Wood3 and Plastic4.

The Wood6 sample presents the lowest
frequencies for the maximum sound absorption from
all five samples.

It can be noticed the presence of a second peak
for Pmixt sample, which is more obvious by placing
the MPP at 0.04 m away from the rigid back-plate.
The maximum values of a for this kind of MPP
extend to one for all three cavity depths taken in
consideration.

The lowest overall sound absorption occurs for
the Plastic2 sample in the frequency range 100-2000
Hz. The maximum value of o for this MPP is 0.7.

Some new structures containing multiple layers
including a porous one and the associated
simulations are of interest and under observation.

The importance of micro-perforated panels is
worthy to be considered in regards to the sound
absorption on the inside, but also outside. Through
the design, development and optimization of new
MPP structures, the absorption is considerably
improved and in parallel the process of noise
attenuation is realised on frequency bands of
interest.
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