
                                                                        

Microperforated Insertion Units in free field: A case study 
 

J. Pfretzschner, A. Fernández, P. Cobo, M. Cuesta,  
Instituto de Acústica. CSIC. Serrano 144, 28006 Madrid, Spain,  

iacjp36@ia.cetef.csic.es, iacf319@ia.cetef.csic.es, iacpc24@ia.cetef.csic.es, iaccr@ia.cetef.csic.es, 
 

A. Schmitt 
ENSIM. Université du Maine, rue Aristote, 72085, Le Mans, France 

al1schmitt@tiscali.fr 
 

In Internoise 2004 we reported the new concept of Microperforated Insertion Units, MIU, introducing their 
innovative acoustic and mechanical performances as an alternative to the traditional Microperforated Panel 
absorbers, MPP. Theoretical and experimental results were compared in an impedance tube with diameters 
of 3 and 10 mm. In this work, we consider the angular dependence of the absorption coefficient of a large 
MIU panel (2.4x2.4 m2) in free field. Both theoretical and experimental results are presented, showing the 
acoustic absorptive capabilities of the device. 

 
1 Introduction 
 
In industrial environments it is usual to find noisy 
spaces due to machinery activity. Under such 
conditions it is often necessary to line the room walls 
with absorbent panels in order to mitigate high acoustic 
pressure levels. Normally the goal consists in the 
design of frequency acoustic absorbers compatible with 
workspaces and cleaning processes. 
 
In factories with big machines, very low frequencies 
are commonly present in the noise spectra. The 
mitigation of this low frequency noise with passive 
absorbers presents, in many cases, an unsolvable 
solution, due to the high volume required to absorb 
such frequencies (lower than 100 Hz). A possible 
solution to this problem may be the design of active 
noise control (ANC) systems, using an appropriate 
passive absorber with an adaptive controller to create 
an interference field with reduced level in a predefined 
space volume. 
 
Usually the active control system should be applied to 
the walls of the volume to be treated. Due to the 
extreme conditions of the factories, the covering 
surfaces should be hard enough and must be cleaned 
from time to time. It is usual to cover that surfaces with 
steel perforated panels, but in order to clean them 
without loosing absorbing properties it is not advisable 
to use fibrous or porous absorbent materials between 
the panel and the rear wall in which they are installed. 
To maintain as much as possible the absorbing 
characteristics of the fibrous absorbent layer, the plate 
perforation coefficient should be greater than 30%. 
 
An alternative to the use of porous absorbers are 
Microperforated Panels (MPP). However, this solution 
is not recommended if the environment is very dusty 
and dirty. In such cases, their acoustic properties 
degenerate very quickly after successive cleaning 

processes. On the other hand, wideband absorbers need 
a large number of holes with very small perforation 
diameters and very thin panel thickness. 
 
It is well known that the use of the algorithms 
described by Maa [1] (as an asymptotic solution to the 
equations reported by Crandall [2]) for panels with 
millimetric perforations, or associations of this type of 
panels in order to wide the absorption curves, a transfer 
matrix can be used to get the surface impedance. 
Kristiansen and Vigran [3] proposed also alternative 
formulations based in FEM modelling to attend more 
complicated type of perforations and associations of 
perforated panels with thin fabrics covering the holes 
or slits. 
 
In this paper a practical solution to the design of MPPs 
is presented, based on the use of Microperforated 
Insertion Units (MIU) [1]. MIUs are capable of solving 
the problems mentioned above, with perforation 
coefficients smaller than 10%, which give as a 
consequence rigid surfaces, with better aesthetic 
possibilities. 
 
The paper starts with a short review of the MIU 
performances, followed by the establishment of a 
model [4] validated with small test probes in an 
impedance tube. Finally a large MIU of (2.4x2.4) m2 
was constructed and measured in free field, and the 
experimental results are compared with the theoretical 
ones.  
 
2 Designing a MIU 
 
In previous works we have established that a MIU 
consists of the combination of two perforated panels in 
hard contact, whose formulations have been made 
using lumped parameter equivalent electrical circuit 
models [1, 4, 5]. 
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The original idea was to design a mechanically hard 
panel, normally reflective, converting it in absorptive 
by the insertion of a controlled number of acoustic 
resistive elements in drilled holes. The resistive 
elements can be made of hard metallic or plastic 
meshes, or non woven textiles or non-woven glass 
material with adequate acoustic resistances. 
 
The MPP described in the literature has absorption 
curves with one or two octave bands, corresponding to 
perforation diameters of about 0.5 mm, and 
percentages of open area of the order of p=3%. To 
increase the bandwidth of the absorption curves 
(maintaining constant the open area ratio) it is 
necessary to reduce the diameter of the pores and, in 
consequence, to increase the number of them in 
progressively thinner foils. 

 
A MPP with absorption performance similar to that of 
a resistive acoustic sheet must have a very small 
perforation diameter, d, and an increased number of 
perforations in order to maintain the open area fraction. 
The drill must be thinner (more fragile) or other 
mechanical perforation system should be used (for 
instance, laser technology). Furthermore, to optimize 
the absorption performance of the MPP, a noticeable 
reduction of the plate thickness, t, should be made 
(d≈t). As a consequence, the MPP becomes so delicate 
and fragile that it should be managed carefully what, in 
turn, will discourage its use outdoors or in industrial 
environments. 
 
Thus, a MPP appropriate for use as a practical sound 
absorber should have the following characteristics: 
 

• Perforations with small diameters (in order to 
increase the frequency band of the absorption 
coefficient). 

• Small perforation coefficient (<10% for 
aesthetic reasons). 

• Mechanical stability and manageability (plates 
with thickness wider than 1 mm). 

• Cheap and easy to install. 
• Easy to clean and resistant to the cleaning 

processes. 
 

These requirements seem to conflict each other. A 
procedure to implement MPPs was proposed which 
solves this conflict. Let us start with a double MPP 
similar to that proposed by Maa to widen the 
absorption band [6]. The classical Maa double MPP 
resonator has a first panel with parameters (d1,t1,p1,D1) 
and a second panel with parameters (d2,t2,p2,D2), where 
D is the thickness of the air cavity. The proposal is to 
combine the parameters (d1,t1,p1) of the first MPP and 
(d2,t2,p2) of the second MPP (a micrometric wire mesh 
for instance) in such a way that, when the first air 
cavity thickness, D1, is reduced to zero, a unique MPP 
is obtained with the desired performance. The acoustic 

resistive components of both perforated plate 
impedances are too low and the reactive too high in 
order to obtain a profitable absorption curve.  
 
The combination of the perforated plate with the wire 
mesh in “hard” contact allows increasing the average 
resistance of the unit, so that the flow velocity through 
a hole of the wire mesh is the same as the flow velocity 
in a hole of the carrying plate [7]. In this way, the 
cross–sectional average particle velocity (or volume 
velocity of the flow per unit cross–sectional area) in a 
plane wave equals the average particle velocity within 
the channels multiplied by the open area fraction [8]. 
As a result, the impedance of the combination results 
from the addition of the acoustic impedance of the 
perforated plate plus the impedance of the wire mesh 
divided by the open area fraction of the plate. 
 
The absorber obtained by this procedure [1 4], named 
Microperforated Insertion Unit (MIU), can be designed 
with a first thicker, less perforated and with larger 
holes panel followed by a second thinner, more 
perforated, and with smaller holes panel. The MIU has 
the additional advantage that requires a thinner air 
cavity that those of the classical double MPPs. Also, its 
total thickness is generally much lower than the one 
obtained with a perforated plate and fibrous absorber 
between the plate and the rear hard surface. Standard 
metal, plastic, or even cardboard panels could be 
combined with commercial micrometric meshes (or 
non–woven glass or open weave textiles with 
appropriate acoustic resistances).  

 
Figure 1 shows the real and imaginary parts of the 
impedance, normalized to the air characteristic 
impedance, superimposed to the absorption coefficient 
for a perforated panel (Fig. 1a) a wire mesh (Fig. 1b) 
and the MIU resulting of the combination of both (Fig. 
1c). In all the cases, an air cavity of 5 cm was used.. 
Systems resonate when the imaginary part of the 
impedance is zero, giving as consequence a maximum 
in the absorption curve. In cases a and b the acoustic 
resistance are low and the acoustic reactance dominates 
(not only due to the air reactance of the cavity), giving 
as consequence a poor absorption.  
 
The absorption coefficient of the MIU will depend on 
seven parameters (t1,d1,p1,t2,d2,p2,D2). However, since 
the second MPP is chosen from commercial meshes, 
the three parameters (d2, t2, p2) are usually fixed. 
 
Thus, a graphical analysis of the dependence of the 
MIU with the following parameters has been made: 

 

• The thickness of the carrying plate (t1). 
• The number of perforations and their 

diameters, d1, such that the open area ratio of 
the plate (p1) is kept constant. 
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Figure 1. a) Perforated panel (p1=8 mm, t1=1 mm, 
p1=9.9 %); b) wire mesh (d2=30 um, t2=35 um, p2=14 
%); c) MIU formed by the combination of perforated 
panel and wire mesh. 

 
Figure 2a shows the absorption curves of the resulting 
MIU when a commercial mesh of d2=39 µm, t2=35 µm, 
and p2=14 % (measured with an optical microscope) is 
combined with a carrying panel of d1=6 mm, p1= 10 %, 

and t1 varying from 1 mm to 12 mm. When the panel 
thickness increases the absorption lobes of the MIU 
shift towards lower frequencies and become narrower. 
Nevertheless, the absorption curves remain very similar 
for thicknesses ranging from 0.5 to 4 mm. 
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Figure 2. Dependence of the absorption coefficient as a 
function of the: a) thickness of the carrying plate, b) 
size and number of holes (maintaining constant the 
open area fraction of the plate).  
 
The perforation ratio of the plate, p1, is obtained from 
the number of the individual holes and their diameters. 
Maintaining p1 constant, larger diameters d1 require a 
lower number of holes. Figure 2b illustrates the 
dependence of the absorption coefficient of the MIU 
with the number and diameter of the holes keeping 
constant the open area ratio, p1=10 %. In this case, p1 is 
provided by either 28 holes with d1=6 mm, 16 holes 
with d1=7.9 m, 4 holes with d1=15.8 mm or 1 hole with 
d1=31.6 mm. As it can be seen, the absorption lobes 
move towards lower frequencies becoming narrower 
when the hole diameter increases and the number of 
holes decreases.  
 

With increasing air cavities, the curves approximate to 
the wider ones for both situations. 
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2.1 Checking the quality of the 
developed test probes 
 
Before designing and constructing a large panel, some 
experiments have been made, both under theoretical 
and experimental models using plane waves and 
normal incidence in an impedance tube [4]. The tiles in 
acoustic ceilings are usually perforated with circular 
holes, but for large panels the orifices are formed by 
slots leaving spaces between parallel rows. The 
difficulty with slotted Helmholtz devices is deriving 
the appropriate end correction to the equations. 
Kristiansen and Vigran [3] used a formulation 
originally derived by Smits and Kosten [9]. The end 
correction formulated by these authors gives a mass 
term that should be accounted for [10]. 
 
To find an easy and quick empirical solution to the 
problem, we start from the idea that a slit can be 
considered as the linking of several holes arranged in a 
line with an aperture equal to the diameter of the hole 
and total equivalent area (this supposition can be 
accepted for distances lower than a wavelength). Figure 
3 shows three MIUs of 3 cm diameter and 1 mm 
thickness.  
 
 

 
 
 
Figure 3. MIUs with equivalent open area ratio: a) 
three holes with 5.5 mm diameter; b) slit (5.5 x 14) 
mm2 ; c) two slits with three mm aperture (3x10) mm2 
and (3 x 19) mm2. 
 
All of them use the same mesh grid (35µm mesh) and 
the same perforation coefficient (10%). In this case the 
3 cm diameter impedance tube was used for the 
measurement, so that the reliable higher frequency goes 
up to 6400 Hz. The first MIU has three holes of 5.5 
mm diameter, the second has a slit with an aperture of 
5.5 mm and equivalent area as the previous one, and 
finally, the third consist of two slits with an aperture of 
3mm width. Experiments with several air cavities have 
been carried out. 
 
Figure 4 shows experimental and theoretical curves for 
an air cavity of 10 cm. Good agreement is obtained 
between both types of curves. 
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Figure 4. Experimental (blue) and theoretical (green) 
absorption curves of the MIU in Figure 3. 
 
 

 
These results show that using simple geometrical 
figures (as circles or squares) it is possible to evaluate 
any perforation form, aggregating them in more 
complicated patterns. It is only necessary to define the 
starting nucleus and the number of them in order to 
produce the desired open area ratio. 
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2.2  Designing an absorptive wall 
 
One of the goals in the design a hybrid passive-active 
system for broadband absorption is to develop a 
passive absorber whose first resonance lies under 1 
kHz, and without mechanical constraints and easy 
cleaning possibilities. On the other hand, to reduce the 
whole thickness of the absorber, the air cavity should 
be as small as possible. With this purpose in mind, we 
have designed a combination of perforated metallic 
hard panel with commercial wire mesh that can 
produce a wide absorption band centred at 1 kHz. This 
absorption band should be useful to scale an ANC 
system as those described in [11]. 
 
Figure 5 shows the calculated and measured curves of a 
large perforated panel of size (2.44 x 2.44) m2, with 
similar absorptive characteristics as the one described 
in Figure 4a. In this case the panel thickness was 1 mm 
with 5 cm back cavity. The slits are (8x12) mm2, using 
a wire mesh of 35 µm, and 10 % open area fraction. 
The experimental curves have been measured in an 
anechoic room using MLS signals with the subtraction 
technique [12], at normal incidence. To avoid 
diffractions in the panel edges, the reflected signal has 
been windowed. The selected window gives a reliable 
lower frequency of 240 Hz. Again there exists a good 
concordance between experimental and calculated 
results. 
 
3  Conclusions 
 
The MIU technology allows a practical design of 
almost any broadband acoustic absorber in a quick and 
simple way. A MIU can be obtained by combining two 
perforated panels with appropriate constitutive 
parameters. Each one operating individually does not 
provide good absorption performance, due to their low 
acoustic resistances. However their combination can 
produce absorption over two or three octave bands. 
Since the resulting MIU has the thickness of the first 
plate, it lacks the mechanical constraints of the 
equivalent MPP. 
 
The acoustic performance of a MIU is excellent and its 
use allows to convert any reflecting surface in 
absorptive. 
 
The concordance between the measured and calculated 
data is very encouraging especially for the impedance 
tube. 
 
Since slits can be assumed as alignments of circular or 
square pores, most of the perforation patterns can be 
implemented. In this case, it is only necessary to 
determine the width of the slit and the open area ratio. 
In this way, several geometries can be designed and 

calculated. So far, these designs were not easy to treat 
analytically and might be solved trough finite element 
modelling. 
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Figure 5. (Above) Large MIU. (Below) Experimental 
(blue) and theoretical (green) absorption coefficient 
versus frequency. 
 
 
The extrapolation from small test probes measured in 
impedance tube to large samples measured in free field 
gives reasonable similitude, but it is necessary to 
investigate on the origin of the small deviations 
between measured and calculated results in free field. 
This is under current research in our laboratory. A new 
panel of a larger size is been constructed to measure a 
sample larger than 10 m2 necessary for measuring 
absorption in a reverberation room. A great number of 
applications can be envisaged, both in room acoustics 
and industrial noise control.
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