Study of structural elements influence on acoustic absorption
coefficient in the case of sandwich composite panels
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The article presents the variation of acoustic absorption coefficient when the honeycomb cells
dimensional parameters are modified in the case of sandwich composite panels. Multifactorial
mathematical models defined with the aid of response surface method applied on a group of acoustic
absorption coefficient experimental values, are destined to establish the optimal specific dimensions

attenuation of the incident sound wave.

1. INTRODUCTION

The urban and the extra-urban traffic is an
important noise source. That is why the living
areas in the neighbourhood of road transport must
be sound proofed. The most used protection
systems for the noise of urban and extraurban
traffic are made of panels with metallic, plastic, or
wood faces and with a noise insulated core of the
rigid foam type (polyurethanes or polystyrenes). In
the manufacturing process of rigid polyurethane
foams hydro - chloro - fluoro - carbon HCFC
compounds appear which destroy the ozone layer.
In many countries there are laws or regulations that
limit or forbid their manufacturing.

Under these circumstances the necessity of
finding out some environmentally friendly
materials, with a high capacity of phonic
insulation, appeared. Composite sandwich panels
with paper honeycomb core and with the faces of
composite materials glass/epoxy can make a viable
solution. They have: high capacity of noise
diminishing, a long lasting life with environment
factors (humidity, ear, U.V., wind, temperature
changes, etc.); good mechanical properties
(bending, compression, impact), low weight,
different shapes (flat, curved, with a complex
geometry) and a pleasant aspect. They are
fireproof, and they are not hygroscopic, they are
not oxidizable, they can be assembled easily and
fast and they fulfil every environment standard.

At its meeting with the sound barriers, a part
of the sound wave is reflected and the other part is
absorbed. Only that part of the incidental acoustic
energy can be absorbed that it is not reflected.
From the point of view of noise protection in urban
and extra-urban traffic, the reflected component is

not wished. It can suffer a second reflection (at its
meeting with the road surface or with the vehicles
in the traffic) at an angle that can lead to avoiding
(going round) the sound barrier placed on the road
side. This component can overlap on the sound
waves emitted by the primary sources and this can
thus give noises with a greater acoustic energy.

The acoustic energy of the absorbed
component must be dissipated inside the barrier.
The energy which is not dissipated either goes
back to the primary sources, overlapping with the
reflected acoustic energy, or gets through the
barrier. The barrier must be thick enough to avoid
this phenomenon.

The absorption capacity of the sound waves
in the case of flat acoustic barriers is estimated by
the absorption coefficient <a> which is defined by
this equation:
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In which: W,,,. - the non-reflected acoustic

power; va . - the incident acoustic power
The absorption coefficient can be calculated

with this equation:
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In which: R = - the reflection factor,
inc

W, - the reflected acoustic energy.
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2. ELEMENTS THAT INFLUENCE THE
ABSORPTION CAPACITY OF
COMPOSITE — SANDWICH PANELS

The absorption coefficient of the composite
sandwich panels with honeycomb paper core and
the faces of glass/epoxy composite materials
depends on many factors. The most important are:

- The frequency of the incident sound waves
<f>.The same material has different absorption
coefficients according to the frequency of the
incident waves. Some materials absorb better the
high frequency waves, other absorb better the low
frequency waves. The measurements done show
that the sounds in the road traffic - on the flat,
ramp or on the slope part no matter the range of the
road — have dominant frequencies within the
interval (1600 — 2800) Hz;

- The panel thickness <g>. The normal thicknesses
are within the interval (32 — 70) mm.

- The type of composite sandwich panel (fig.1).
The panel can be with a simple core - made of one
honeycomb structure, or with a multiple core -
made up of two or more honeycomb structures
overlapped and separated by an interior layer [10].

a - simple core panel
b - multiple core panel
1- face of glass/epoxy composite material;
2 - honeycomb structure;
3 - interior layer with holes (porous) made of
glass/epoxy composite material.
Figure 1. Types of composite - sandwich panels

- The filling material in the honeycomb cells. In
the honeycomb cells we can introduce different
materials under the form of powder, flakes or short
(crushed) fibres. This way the panel absorption
coefficient gets better on a certain frequency
interval;

- The filling factor <u> is given by the equation:

Vi 100 [%] 3)
ch

In which: V, - the volume of the filling
material from one cell, V- the honeycomb cell
volume.
- The dimension of the honeycomb cell. The cells
are hexagonal. The cell dimension is the diameter
of the biggest circle inside the hexagon;

u=

- The interior layer porosity. It must be related
with the honeycomb cell dimension;

- The type of the exterior surfaces of the panel. The
panel exterior surfaces must have the smallest
reflection factor. Absorbent and rugged surfaces
are recommended.

3. THE MATHEMATIC MODEL OF THE
ABSORPTION COEFFICIENT
BY RESPONSE SURFACE METHOD

The absorption coefficient was experimentally
found out in Kundt tube for the frequencies field
(80-6300) Hz, at intervals of 1/3 of an octave.

Initially a group of preliminary estimations
aiming to establish the independent variables of
main interest for the wished application (the panels
used as barriers against the road traffic noise). We
have tested panels of different thicknesses, with
simple or multiple cores and with several types of
exterior surfaces. We have used honeycombs with
the cell dimensions between 9 mm and 30 mm.
The honeycomb cells were filled with air (empty
cells), colloidal silica (aerosil), calcium carbonate,
aluminum. The panels faces and the interior layers
had thicknesses between (0,5 - 2) mm.

We found out that it is of much interest for
the given application the multiple core panel,
which has the faces with the thickness of 0,5 mm
and the interior layer of 1 mm. The “aerosil” gives
a better absorption inside the frequency interval of
1600-2800 Hz.

The other filling materials increase the
absorption for other frequency intervals. We
obtained very good results, within the followed
frequency interval, with the rugged absorbing
surface got through the application over the
composite material of a rugged layer of quartz sand
with the granulation of (2-3) mm and then a thin
layer of white, mat washable paint.

The independent variables of special interest
proved to be: the frequency of the incident sound
waves <f>, the panel thickness <g> and the filling
factor <u>.
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For the mathematic model, to the response
surfaces method, of the absorption coefficient <o>
at the above mentioned panel, we did a factorial
experiment at three levels. The experiment was
done for the 3 quantity independent wvariables
above.

For the mathematic model of the acoustic

absorption coefficient <o> we suggest an
experimental function of this form:
a(f,gu)=C,-f* g"-u[%] 4

In which:
C, - the model coefficient, f - the frequency of the

a - the objective function [%],

incident sound waves [Hz], g - the panel thickness
[mm], u - the filling factor [%], a — the frequency
exponent, b - the thickness exponent, ¢ — the
exponent of the filling factor.

The function can be written in a line through
logarithm and it gives as a result the linear model
of the absorption coefficient <o>, which is given
by the equation:

y =by +bx, + byx, +byx,

)

In which: b(’);bi ;b’z ;bé - the coefficients of
the linear model:

y=lna;x;=lnf;x'2=lng;x;=lnu (6)

In order to underline the interactions between
the process parameters taken into account, it is
necessary to increase the degree of linear model.
We consider a quadratic polynomial model of this
form:

1 ' ' " 1 1
y=>b"y+b/x, +byx, +b'y x; +b', x;x, +b'}5 x;x; + (7)

(] ] " 2 0 2 0 2
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Through the exponential function we pass to
the non-linear model.

The experimental curves of the absorption
coefficient have different characteristics within the
frequency intervals: (80-630) Hz; (630-2000) Hz
and (2000-6300) Hz, consequently it is necessary a
distinct mathematic model of these intervals. The
variation levels of the independent variables have
different values inside these three intervals.

The experiment done is one of a complete
factorial kind of type 3° . The natural variation
levels, logarithmic and coded of the three variables
on each frequency interval are shown in tab. 1.

Table 1. The natural levels, logarithmic and coded, of
the independent variables.

Code | Natural and logarithmic levels
Variable | levels
80- 630- 2000-
630 2000 6300
Hz Hz Hz
Frequency -1 80; 630; 2000;
f [Hz] {4.38}* | {6.44} {7.61}
{In(f)} 0 355; 1315; 4150;
{5.87} {7.18} {8.33}
+1 630; 2000; 6300;
{6.44} {7.61} {8.74}
Thickness -1 32;
g [mm] {3.46}
{In(g)} 0 515
{3.93}
+1 70;
{4.24}
Filling -1 0.01;
factor {-4.60}
u [%]; 0 0.5;
{In(u)} {-0.69}
+1 0.99;
{-0.01}

* the logarithmic values are in parentheses{....}.

Table 2. The Structure of the complete factorial

programme.

Coded Measured values [Ina]

values 80- 630- 2000-
7 g u 630 Hz | 2000 Hz | 6300 Hz
-1 -1 -1 | 2.5659 | 3.5553 1.9459
-1 -1 0 3.2189 | 2.3979 | 3.6109
-1 -1 | +1 | 2.0794 | 3.4012 | 2.079%4
-1 0 -1 | 2.7081 | 2.7726 | 2.7726
-1 0 0 3.2189 | 3.5553 | 3.7612
-1 0 +1 | 1.3863 | 4.2047 | 2.9957
-1 | +1 | -1 | 27081 | 3.6376 | 3.5553
-1 | +1 | +1 | 2.8332 | 3.1781 | 3.9890
-1 | 41 0 3.0910 | 3.7842 | 4.5850
0 -1 -1 3.5264 | 2.9444 | 2.079%4
0 -1 0 3.2581 | 2.7081 | 4.4427
0 -1 | +1 | 3.2958 | 2.7726 | 2.1972
0 0 -1 27081 | 3.2958 | 2.7726
0 0 0 3.6889 | 3.8712 | 4.3041
0 0 +1 | 3.1570 | 3.3673 | 2.9957
0 +1 | -1 3.3673 | 3.8501 | 3.0445
0 +1 0 4.0431 | 39318 | 3.2958
0 +1 | -1 3.6109 | 3.9220 | 3.6376
+1 | -1 0 3.5553 | 1.9459 | 2.1972
+1 | -1 | +1 | 2.7726 | 3.6109 | 1.9459
+1 | -1 -1 3.4012 | 2.0794 | 2.5649
+1 0 0 27726 | 2.7726 | 3.0445
+1 0 +1 | 3.5553 | 3.9703 | 4.3175
+1 0 -1 | 4.2047 | 2.9957 | 3.0445
+1 | +1 0 3.6376 | 3.5553 | 3.4012
+1 | +1 | +1 | 3.1781 | 3.9890 | 3.4340
+1 | +1 | -1 3.8918 | 4.5850 | 3.4657
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The structure of the complete factorial
programme of the type 3° with the logarithmic
values of the absorption coefficient experimentally
got are shown in tab. 2.

To find out the experimental errors we did 8
further determinations in the center of the
experimental area (0, 0, 0)

The model coefficients were determined with the
following equation (8).

—1
B:(XTX) xTy

)
N b,
y2 bz
Y = ’B = N
Y, b,
X=(x x x,) ©)
WhereY - the column matrix of the

measured values of the object function, B - the
column matrix of the model terms coefficients, X
- the matrix of the independent variables, n - the
number of the measured responses. The values are
shown in tab. 3.

Table 3. The coefficients of the linear model

Model The values of the coefficients
coeffi- 80- 630- 2000-
cient 630Hz | 2000 Hz | 6300Hz
b’y 8.4007 4.3325 | -92.7837
b’ 2.9196 1.2137 | 13.4115
b’, -8.0994 | -4.1141 | 20.8139
b’s -0.0958 | -4.9760 | -1.9164
b’y, 0.1700 0.8994 | -0.4645
b’y -0.1546 | 1.1102 0.3073
b’i3 -0.1631 | 0.6409 0.0904
b’ 123 0.0547 | -0.1428 | -0.0423
b’ -0.2869 | -0.3308 | -0.7291
b’5 1.0112 | -0.1029 | -2.0400
b’s; -0.0941 | -0.0262 | -0.3024
The relative error is predicting the

experimental response <&> can be calculated

with the equation:

EZM-IOO [%]

The trust intervals 95% have been
determined on the basis of t-Student distribution.
The relative errors of models prediction are shown
in tab.4

Table 4. The relative predicting error

%p Pexp &
No. [%]
Interval (80 — 630) Hz
1 15.76 15 -5.10
2 27.76 29 4.26
3 36.73 35 -4.95
4 44.65 49 8.87
5 36.36 35 -3.88
Interval (630 — 2000) Hz
6 32.97 35 5.79
7 40.72 44 7.46
8 25.74 27 4.68
9 36.42 35 -4.06
10 37.84 41 7.71
Interval (2000 — 6300) Hz
11 6.65 7 4.88
12 71.97 74 2.81
13 21.70 21 -3.35
14 51.53 50 -2.97
15 96.31 98 1.71

The general form of the linear (logarithmic)
models is quadratic with all the interactions taken
into account.

Ina=by+b/Inf+biIng+biInu+
+b,Inflng+b;InfIng+b);Inglnu+
+byyIn fInglnu+5] (In f) +b5,(Ing)
+bl(Inu)

(11
+

If we apply the function e* to the equation
(11) the exponential model form of the absorption
coefficient <a = a (f, g, u)> comes out:

o= eb(') _fbl’+b1'11nf+b'121ng+bl'3 Inu+bi;Inglhu

(12)

by +by Ing+bisInu u by+by; Inu

By introducing the number values of the

(10) model coefficients (tab. 3) in the equation (12), we
Yp get the final expressions of the absorption
] . coefficient o for three frequency intervals as
Where: y p - the values predicted by the follows bellow:
mathematic  model,  yexp the  values
. For (80-630) Hz:
experimentally measured.
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8.4007
a=e :

.f2.9196-0.28691nf+0.171ng-0.1631lnu+0.0547lnglnu .

(13) [ ol
.g-8.0994+1.01121ng-0.1546lnu 'u-0.0958-0.094llnu

For (630-2000) Hz:

o = et .
_fl.2137-0.33081nf+0.8994lng+0.64091nu-0.14281ng1nu - (13Y)
) g—4.1141—0.10291n g+l 1102nu  -4.9760-0.0262Inu
For (2000-6300)Hz:
o = 2787 i
) f13.41 15-0.72911n £-0.4645In g+0.0904In4-0.0423In g Inur _ (13") Figure 4. The response surface o = a(f, g, u)
S =(80-630)Hz; g=70 mm.
20.8139-2.04001n g+0.30731nu __ -1.9164-0.3024Inu
g u
The response surfaces of the absorption coefficient o] |
<a = o(f, g, u)> for the 3 frequency intervals are “
shown in the fig. 2 - fig.10 |
a[%] ‘ 30
40
20 4
30 —
10
20 0
6;’88__ \ \ \ \ o
%4 0.2 0.4 0.6 0.8 1
10 4 00
f[Hz]
0 Figure 5. The response surface a = a(f, g, u)
o > 02 04 06 0. Lu f =1(630-2000)Hz; g=32 mm.
600
f[Hz]
Figure 2. The response surface o = a(f, g, u)
f=(80-630)Hz; g=32mm. a1l |

30

o [%]

f[Hz]

u Figure 6. The response surface o = a(f, g, u)
f =(630-2000)Hz; g=51 mm

f[Hz]

Figure 3. The response surface o = a(f, g, u)
f=(80-630)Hz; g=51 mm.
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Figure 7. The response surface o = a(f, g, u)
f =(630-2000)Hz; g="70 mm.
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Figure 8. The response surface o = a(f, g, u)
f =(630-2000)Hz; g=32mm.
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Figure 9. The response surface o = a(f, g, u)
f =(630-2000)Hz; g=151 mm.
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Figure 10. The response surface o, = aff, g, u)
f=(2000 - 6300)Hz; g =70 mm.

4. CONCLUSIONS

The response surface o, = o..f, g, u) on the interval
f = (2000 — 6300) Hz and g = 70 mm has a
maximum in which the absorption coefficient takes
the value o = 98 %. The maximum is obtained for
f=2000Hz, g=70 mm and u = 0.5.

It is the case of the panel with the core made
of two honeycomb structures, with the honeycomb
thickness of 34 mm, overlapped and separated by
an interior porous layer with the thickness of 1
mm. One of the honeycomb structures with the
cells filled with “aerosil” and the other having the
cells empty (air). The panel faces have the
thickness of 0.5 mm and have a rugged absorbing
surface got through applying over the composite
material of a rugged quartz sand layer with the
granulation of 2 - 3 mm and after that a thin layer
of washable paint.

Repeating (5 times) the experiment at this
point we obtained each time equal values or very
near to o = 98 %.
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