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Abstract: Plates known as sound absorbing materials: textiles recovered fabrics plus
polyethylene are made layered composite material intended to be used to encapsulate
industrial engines, as sources of noise in the production departments. Influence of thickness
sound-absorbing material can be supported by the values obtained for the absorption
coefficient, but it can be studied as a study case in the anechoic chamber, where the sound
pressure level is measured with a sound level meter. Cases captured: a free engine; the engine
placed in a metallic cube and motor inserted; metal cube that was doubled separately with
one material and then with the composite material proposed. For each situation are eight
determinations on the perimeter of a circle with a radius of one meter from the source of the
noise. Plot a graph of experimental results that support the idea: greater thickness of the layer
of material will cause a better absorption of noise.
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1. INTRODUCTION

The study of acoustics refers to the generation, propagation and reception of mechanical waves and vibrations.
The wave of sound propagation consists of alternating compressions and rarefactions that are detected as changes
in the sound pressure level by a receiver. Noise is a complex sound, a mix of different frequencies. Generally,
people can hear the acoustic waves between 20 and 20,000 Hz. Under 20 Hz they are infrasonic and over 20,000
Hz they are ultrasonic. Noise is a risk factor that has harmful effects on the human body [1], which can lead to:
disorders of the auditory organ; disorders of various organs and body apparatuses; the reduction of labor
productivity; the reduction of intelligibility of speech [2].

Human development amply illustrated the continuing desire to find solutions and products that meet the
requirements of use and safety. Practical manifestation conditions could be satisfied through the use of advanced
materials. Natural resources are not inexhaustible, so are present natural ways to find new compositions, drawing
on and combining the pure - the primary recyclable, but that ensure both strength and aesthetics. Since ancient
times, natural and/ or artificial composites have gained importance; it is at the same time, an old concept, but also
new and very topical.
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In the study of composite materials, there is highlighted the interest in using recycled materials [3-7]. It studies the
contribution that can have recycled textiles and other materials that can be merged to form a layered composite
can be used for sound insulation or noise sources encapsulation. It is often mentioned the important role of various
types of fiber insertions, for which reason their impact was monitored, both for textile fibers - bamboo, jute [8-11]
and for other types of fibers, for example, wood fiber or tea ones [7, 12]. The composite materials to be made are
intended to be used as materials to carry out the proofing of noise sources; references to this area of interest are to
be found in [13-15] works.

Studying textile plates recovered and polyethylene plates in order subsequently to achieve the layered composite
materials containing these plates. Study of plates is made from the point of influence of the thickness of the material
used to encapsulation on sound-absorbing properties.

2. PRESENTATION OF THE TYPES OF MATERIALS AND THE MEASURING SYSTEM

First it analyzes the sound pressure level due to engine operation in an anechoic chamber - PO; Figure 1a. Carry
out determinations in metallic cube with a side of 65 cm and the thickness of 7 mm - PI; Figure 1b. It then studies
the situation when the metallic cube is doubled with a plate fabric recovered textile material with the thickness of
10 mm - PII; Figure 1c. The anechoic room has been designed and manufactured according to ISO 3745 [16].

c) d)
Fig. 1. The cases studied in the anechoic chamber (a-c) and the portable analyzer Bruel&Kjaer type 2270 (d).

The anechoic room is a laboratory environment structured to minimize the reflection of acoustic signals by
chamber walls. The absorption coefficient o= 99 % of the walls in the frequency band from 150 Hz to 20,000 Hz.
The used frequency band were 1/3 octave (2 Hz - 16 kHz).

For the experiment were necessary following appliances and devices: Bruel&Kjaer portable analyzers type 2270
plus a set of internal software modules, including frequency analysis and signal recording (logging) and sound to
his playing — Figure 1d.
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Sound Level Meter Type 2270 is a versatile, modular platform with multiple modules optional applications such
as frequency analysis, FFT, advanced logging (profiling) and sound recording. Sound Level Meter Type 2270 two-
channel measurement allows measurements: sound intensity, in accordance with IEC 61043, sound power
measurements and acoustic measurements on two channels enclosure buildings.

Using the appliance:
- Real-time frequency analysis in octave and 1/3 octave bands;
- Documentation of measurements by recording sound to playback signal.

3. SOUND ABSORBING MATERIAL CHARACTERISTIC VALUES

Determination of sound power and directivity are full characteristic of sound sources. In the case of free acoustic
field, conducted in anechoic chamber, representing Lwa, weighted sound power level is calculated from Lpm, the
average sound pressure level on measurement surface S, using the relationship [17- 20]:

L\NA = me +1010g[sij+ K, [dB(A)] )
0
where:
1 8
me zgg Lpi . (2)

So = 1 m? is the area of the reference surface;
S =nr? = 3.14 m? if it studied the situation whenr =1 m;
K is the correction coefficient of the ambient pressure and temperature reference conditions of 20°C and 1000 Pa;

it choose K = 0.
Lya = Lom +10l0g3.14 = Ly, +4.97 (3)

Weighted sound pressure level is calculated using relationship [20]:
LD 0.1Lp
Loma =10-log (H Y107 PA j [dB(A)] @)
i=l
where: L piA is the A weighted sound pressure level, in dB(A), for the N measurement points.

Determination directivity curve: the sound field corresponding to a directional sound sources can be
characterized by a directivity factor Dy; source, or a directivity index Dq. For omnidirectional source located in the
open field there is the following relationship linking the sound pressure level and power level [20]:

Lo =Lw —20-logd —11, [dB(A)] 5)

where d — source-receiver distance, [m]; d =1 m.
For omnidirectional source located in the open field, each doubling of the distance the sound level decreases by

6 dB. In the case of free acoustic field, conducted in anechoic chamber, sound pressure level measured in the eight-
point lead directivity factor calculation with formula [20]:

DgiZLpi—L\N+2O'10gd+11 (6)
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where: D; are directivity factor, dimensionless unit.

4. EXPERIMENTAL RESULTS

In the experiment, four situations are monitored to determine the sound pressure level in the 8 point determination,
treated at 45° from one another. The results are summarized in Table 1.

Table 1. Experimental results of sound pressure level.

Sample | L7t Lo Lps Lps Los Los Ly7 Lo Lom

[dB(A)] | [dB(A)] | [dB(A)] | [dB(A)] | [dB(A)] | [dB(A)] | [dB(A)] | [dB(A)] | [dB(A)]
PO 55.84 56.11 51.76 55.79 54.86 56.34 56.33 51.77 54.85
PI 46.13 43.84 45.85 44.80 46.62 47.07 47.44 45.99 45.97
PII 34.50 32.08 35.22 34.08 3691 34.65 38.67 34.08 35.02

The value for sound power, Lwa are: for PO is 59.82 dB(A); for PI is 50.94 dB(A) and for PII is 39.99 dB(A).
Determine the source height of 40 cm, as having a value of 73.8 dB(A).

After calculating the sound, power goes directivity factor calculation (Table 2 for sample PO; Table 3 for sample
PI; Table 4 for sample PII), which is then plotted (Figure 2 for sample PO; Figure 3 for sample PI and Figure 4 for
sample PII) and interpreted. In these figures is plotted the plan distribution of sound pressure level and directivity
factor in the 8 points P1-P8, positioned around the noise source from 0° to 315°. As can be seen in the figure
legends, the two curves have different scales of representation, and they are differentiated by color. In Figure 2 the
blue represents the variation in sound pressure level between 48-58 level dB, and with red is represented the
variation of in plan directivity factor from 0 to 8 (dimensionless unit).

Table 2. Calculation of directivity for sample PO - engine in the anechoic chamber.

Measuring point P1 P2 P3 P4 P5 P6 P7 P8
0; [degree] 0° 45° 90° 135° 180° 225° 270° 315°
Lyi [dB(A)] 55.84 56.11 51.76 55.79 54.86 56.34 56.33 51.77

D 7.02 7.29 2.94 6.97 6.04 7.52 7.51 2.95

In all the graphs Dy; is represented with red continuous line.

—Lpi [dB(A)]

Fig. 2. Sound pressure level and directivity factor for sample PO.

As can be seen, the geometric shape of the curve of sound pressure level is not circular, if noise source does not
produce the same level of noise in all directions, due to geometrical shape of the electric motor and the position of
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the respective components of the electric drive (position shaft, bearing position, the position of the cooling fan,
engine mounting position etc.).

In case PO, when the sound pressure level determinations are made in the eight set points are obtained graphics for
sound pressure level and directivity factor with the same form, with minimum values in the points P3 and P8
corresponding to the angles of 90° and 315°. The maximum values are in points P6 and P7 corresponding to the
angles of 225° and 270°. The average value of measured sound pressure level is 54.85 dB(A) and calculate sound
power level are Lwa= 59.82 dB(A).

Table 3. Calculation of directivity for sample P I - engine in the metallic cube.

Measuring point P1 P2 P3 P4 PS5 P6 P7 P8
0; [degree] 0° 45° 90° 135° 180° 225° 270° 315°
Ly [dB(A)] 46.13 43.84 45.85 44.80 46.62 47.07 47.44 45.99
Dy; 6.19 3.90 591 4.86 6.68 7.13 7.50 6.05

—Lpi [dB(A)]

180°

Fig. 3. Sound pressure level and directivity factor for sample PI.

After entering the engine in the metallic cube, determinations are made in the same measurement points. The
minimum amount of sound pressure level and directivity factor is in point P2 corresponding angle of 45° and
obtain the maximum value at the point P7 on 270°. The average value of measured sound pressure level is 45.97
dB(A) and calculate sound power level are Lwa= 50.94 dB(A).

By placing within a housing of an electric motor, initially thought the noise source, the housing itself will become
a source of noise that includes the electric motor and air inside.

Also, in this case the IP by simply encapsulation with sheet metal with a thickness of 1.5 mm, there is a noticeable
change in sound pressure level variation, with relatively lower than the previous power value PO influencing sound
by decreasing from 59.82 dB to 50.94 dB, 8.88 dB difference appeared.

Table 4. Calculation of directivity for sample P II - engine in metallic cube + Plate fabric textile recovered.

Measuring point P1 P2 P3 P4 PS5 P6 P7 P8
0; [degree] 0° 45° 90° 135° 180° 225° 270° 315°
Lyi [dB(A)] 34.50 32.08 35.22 34.08 36.91 34.65 38.67 34.08
D 5.51 3.09 6.23 5.09 7.92 5.66 9.68 5.09

For sample PII - engine in metallic cube + Plate fabric textile recovered is observed as minimum are maintained
point P2 corresponding angle of 45° and as maximum point P7 on 270°. The average value of measured sound
pressure level is 35.02 dB(A) and the calculate sound power level are Lwa= 39.99 dB(A).
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Is observed as the thickness of absorbing layer increases: PI - 7 mm, PII - 7 mm + 10 mm sound power values
reach increasingly lower.

From here emerges the idea noteworthy, according to which the engine encapsulation would be a solution for noise
reduction in the production departments. The more sound-absorbing material whereas the layer is thicker, the

sound power that is transmitted in the environment is lower.

At the end of determination measured background noise, which have a value of 17.2 dB(A).

Fig. 4. Sound pressure level and directivity factor for sample PII.

In Figure 4, due to the use of sound-absorbing material, even if directivity factor has an irregular distribution, it
can be seen a considerable reduction of the noise level emitted by the acoustic source and uniformity of sound
pressure level curve around the noise source.

5. CONCLUSIONS

The importance of sound-absorbing material thickness used for encapsulation of electric motors is clear from
evolving directivity factor inversely proportional to material thickness.

Note that there is a correlation between the directivity factor and sound pressure level curves measured. Directivity
curve has lower levels as the degree of isolation of sound-absorbing material increases. This situation is
encountered with increasing thickness of the insulation. To reduce noise from such sources - electric motors, it is
recommended encapsulation solutions like those shown.

The experimental results are found as a simple solution encapsulation with sheet metal, such as the PI has a
beneficial influence on noise emissions, lowering acoustic power level from PO situation - without encapsulation
with 8.88 dB.

Depending on the insulation material used for encapsulation noise source, it is observed that the addition of sound
absorbing material attached to the walls of the housing (housing lining) obtain a signification reduction of acoustic
power emitted from 50.94 dB to 39.99 dB between PI and PII cases.

By comparison, considering the sound power noise source without encapsulation (PO case, worst case) and
combined encapsulation situation (where PII) with 1.5 mm sheet metal and sound-absorbing and sound-insulating
material consists of material recyclable textile, differences can be seen very high sound pressure level measured
around the source, and a sharp decline of nearly 20 dB of acoustic power emitted from 59.82 dB to 39.99 dB.
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Thus, may conclude that the use of these materials with high absorption properties for designing and building
carcasses have a beneficial effect in reducing noise pollution due to noise sources, as exemplified in this paper, if
encapsulation of an electric motor.

In other types of electric motors or heating, which in the normal operation occurs heat release considerably high,
the material type sound absorbing felt in encapsulation to reduce noise levels outside must take into account the
resistance properties fire coefficient of thermal conductivity etc.

It still studying behavior and other sound-absorbing material, even composite laminates made from layers of
material originally studied.
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