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ABSTRACT

In this study, the sandwich plank consisted of 7D PET, TPU honeycomb grid,
and PU foam. 7D PET and 4D low melting polyester fibers were needle-punched and
thermal-treated so as to form the PET nonwoven layer. The PU foam was foamed with
different density in the mold so to form the PU foam layer with different thickness.
Finally, PET nonwoven layer, TPU honeycomb grid and PU foam layer comprised the
PET/TPU/PU sandwich plank. The results indicated that the sound absorption
coefficients of the specimens were over 0.93 on the frequencies ranging between 2000
and 4000 Hz.
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INTRODUCTION

Since the industrial revolution in England in 18" century, technologies
have progressed constantly. Exquisite mechanical products bring humans
more pleasures; on the other hand, the rumbles of machines from factories
represent the prosperity of the society and the modernization of a country.
Though the rumbles caused by the industrial manufacture bring the times to
the higher civilization and industrialization, they also jeopardize the
workmen’s hearing, cause the occupational disease and spoil the tranquility
of the citizens [1]. Industrial textile is also one of the major goals in
application for the current textile industry [2-11], technology to control
noise is necessary. At present, most technologies applied in noise control
are passive noise control, which can be divided into improving the
mechanical structure around the noise source or placing the absorption
materials and bafflers around the machine so as to change or block the
noise transmission path and decrease the noise amount. For instance, when
the noise waves pass through porous absorption materials, an energetic
vibration is caused thus attenuating the noise energy. This simply means

that the noise signal frequency which can be handled by passive noise
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control is dependent on the thickness of the absorption materials [12].

In 1952, the experiment conducted by Callaway and Ramer proved the
significance to increase the density of the backing materials [13] while
Attenborough (1983) discovered the sound characteristics of rigid fibrous
materials and granular materials for sound absorption were both influenced
by porosity, airflow resistance, curvature and foam factor [14]. Moreover,
Olek reported in 2004 that four factors were related to the sound absorption
of the road and they included the following: a) the porosity of the surface
layer, b) airflow resistance of surface layer, c) the curvature of the pore
connectivity, and d) the thickness of the porous layer. In particular, the
porosity of the surface layer and the thickness of the porous layer had the
most influence on the sound absorption of the road [15]. In 2008, Chu et al.
explored the influence of the sound absorbent material with a side cover
which vibrated to absorb the noise from the noise source. They concluded
that sound waves were transmitted in the form of planar waves through the
air medium and porous sound absorbent materials. The characteristic
impendence and complex wave counts of the foam absorption materials

were yielded using Two-chamber method. Based on the results of their
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research, when the vibration speed was positive, both the real characteristic
impedance and image characteristic impedance increased. In contrast, when
the vibration speed was negative, both of them decreased [16]. However,
there has been little research exploring the material characters of fibrous
plank. This study was conducted to explore the sound absorption
characteristic of fibrous materials to manufacture an optimum sound
absorption composite plank. This present study devised the composite
sandwich plank with PET nonwoven layer, TPU honeycomb grid, and PU
foam layer. PET nonwoven layer is for the sound waves to enter the interior
with the aid of the air vibration. TPU honeycomb grid offered a space for
PET nonwoven layer and PU foam layer to resonate and it also prevented
the composite plank from deforming. PU foam layer has a closed porous

structure and helped insulate the sound energy.

EXPERIMENT
Preparation of specimens
In this study, the sandwich plank was composed of PET nonwoven

layer (PET), TPU honeycomb grid (TPU), and PU foam layer (PU). 7D
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three dimensional crimp hollow polyester fiber (7D PET) and 4D low
melting polyester fiber (low-Tm fiber) were provided by Far Eastern New
Century Cooperation. First, the PET nonwoven layer was made of 7D PET
and low-Tm fiber with a weight ratio as 7:3 and processed into PET
nonwoven layer. Afterward a total of 6 to 10 laminates PET nonwoven
were thermal treated in a mould at 150°C for twenty minutes and then
cooled at room temperature so as to form the 10-mm-PET nonwoven layer.
9 laminates were the optimum parameter for the PET nonwoven layer.
Second, the thickness of the TPU honeycomb grid varied from 2 to 10 mm
and 10 mm was the optimum manufacture parameter for the TPU
honeycomb grid. Third, foam reagent A and hardener reagent B were
blended in the volume ratio 1:1 and then placed in a mould to foam and
harden for two days until the PU foam layer was formed. And the optimum
thickness and density of the PU foam layer were 10 mm and 1.0 kg/m’.
Finally, we fabricated the PET nonwoven layer, the TPU honeycomb grid
and the PU foam layer into the PET/TPU/PU sandwich plank with a

thickness of 40 mm.
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Testing Method

The test of sound absorption coefficient was according to ASTM
E1050-07 employing Two-Microphone Impedance Tube. The test was
carried out under the conditions: the relative humidity was 65+2 % and the
room temperature was 20£1°C. Two-Microphone Impedance Tube Method
is also called Transfer Function Method. Sample was placed at the opposite
end to the sound source. The sound source produced white noise. The noise
went through the sample and was reflected by the rigid wall. Two
microphones in different positions within the impedance tube detect and
collect the energy of the incident waves and reflected waves. The signal
from each microphone system is connected to an individual channel of the

analyzer (see Figures 1, 2)
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RESULTS AND DISCUSSION

The PET Nonwoven Layer

The influences of the laminated counts of the PET nonwoven layer on the
sound absorption coefficient of the PET nonwoven layer.

The PET nonwoven layer was made of 7D PET and 4D low-Tm fibers
with the weight ratio 7:3 first. The laminated counts of the PET nonwoven
layer were from 6 to 10 but the thickness of the PET nonwoven layer was
stationary as 10 mm. Figure 3 presents the sound absorption coefficient of
the PET nonwoven layer at various frequencies. The results showed that the
density of the PET nonwoven layer changed when PET nonwoven layers
with different laminated counts were pressed into the same thickness. The
PET nonwoven layer contained fewer pores with the increase of its density.
When the laminated counts increased from 6 to 10, the average sound
absorption coefficient was promoted with the increase of the nonwoven
airflow resistance. 9-laminate PET nonwoven layer had the optimum
density and optimum sound absorption. When the laminated counts were
10, the nonwoven airflow resistance was so high that the sound waves

could not enter the interior with the aid of the air vibration. Hence, while
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abraded with the fibers, the sound waves failed in processing the viscous
flow to abrade the sound energy. The sound absorption coefficient for
10-laminate PET nonwoven layer was not as good as that of 9-laminate one.
Therefore, laminated counts of 9 was the optimum manufacture parameter
for the PET nonwoven layer and the sound absorption coefficient was
between 0.79 and 0.93 at the frequencies between 2000 and 4000 Hz.
Figure 4 shows the illustration of the thermal bonding points and net

structure of the PET nonwoven layer.
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Figure 3 PET nonwoven layer is made of low-Tm fiber and 7D PET (3:7);

with its thickness fixed as 10 mm. The laminated counts of the PET nonwoven layer are
set as 6 to 10 laminates in order to determine their influences on the sound absorption

coefficient of the PET nonwoven layer.
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and net structure

Figure 4 The illustration is taken with an optical microscope and shows the thermal
bonding points and the net structure inside the PET nonwoven layer. The PET

nonwoven layer contains 30 wt% of low-Tm fiber and 70 wt% of 7D PET.

The influences of the weight ration of the 7D PET and low-Tm fiber on the
sound absorption coefficient of the PET nonwoven layer

Figure 5 shows the sound absorption coefficient of the PET nonwoven
layer containing low-Tm fibers at 10 to 50 wt%. The thickness of the PET
nonwoven layer was fixed as 10 mm and the laminated counts of the PET
nonwoven layer were set as 9. When the low-Tm fiber received the thermal
treatment, its surface melted and had net structure bond with the 7D PET.
The structural complexity was heightened and had an influence on the
sound absorption coefficient as shown in Figure 6. Compared to 8:2 or 9:1

(7D PET/low-Tm fiber), the PET nonwoven layer of 7:3 had more thermal

10

http://mc.manuscriptcentral.com/jcm

Page 10 of 23

thermal bonding points



Page 11 of 23 Journal of Composite Materials

bonding points jointing 7D PET and low-Tm fiber and the sound energy

©CoO~NOUTA,WNPE

was abraded by the porous net structure. However, when the weight ratio
12 was 6:4 or 5:5, there were fewer 7D PET and too many bonding points so
15 the porous structure was blocked by the molten materials. As a result, the
18 air mobility became worse and the sound absorption ability went down
21 slightly. Therefore, the weight ratio of 7:3 (7D PET/low-Tm fiber) was the
24 optimum manufacture parameter for the PET nonwoven layer; the sound
27 absorption coefficient of the PET nonwoven layer was between 0.81 and

30 0.93 on the frequencies from 2000 to 4000 Hz.
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Figure 5 The PET nonwoven layer is made from 7D PET and low-Tm fiber. The
thickness of the PET nonwoven layer is set as 10 mm and laminated counts are set as 9.
The content of the low-Tm fiber is changed from 10 to 50 wt% in order to determine its

influence on the sound absorption coefficient of the PET nonwoven layer

The surface of the
low-Tm fiber melts
and forms the thermal
bonding points and
net structure jointing
the 7D PET and

low-Tm fiber.

Figure 6 The thermal bonding points and net structure jointing 7D PET and low-Tm

fiber are shown in the illustration taken by an optical microscope.

The TPU Honeycomb Grid

We fabricated the PET/TPU/PU sandwich plank according to the
manufacture parameters as follows. The thickness of the PET nonwoven
layer is 10 mm; the thickness of the TPU honeycomb grid (TPU) varies
from 2 to 10 mm; and the thickness and the density of the PU foam layer
are 20 mm and 1.0 kg/m’. TPU was equal to the air layer where the sound
waves entered and it offered a space for PET nonwoven layer and PU

12
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foam layer to resonate. In addition, it could also substitute the porous

material and offered the composite plank a certain elastic compression

stress to prevent the composite plank from deforming. Figure 7 shows the

sound absorption coefficient which becomes better with the thickness of

the TPU and Figure 8 (a) and (b) show the structure of the optimum

sandwich plank. The top layer was the PET nonwoven layer, the insert

layer was the TPU honeycomb grid, and the bottom layer was the PU

foam layer. 10 mm was the optimum parameter for the thickness of the

TPU; the sound absorption coefficient fell on 0.88 to 0.94 on the

frequencies between 2000 and 4000 Hz.
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Figure 7 The sound absorption coefficient of the PET/TPU/PU sandwich plank. The
top layer is the PET nonwoven layer made from 7D PET and low-Tm fiber (7:3). The
bottom layer is the PU foam layer with a thickness of 20mm and a density of 1.0
kg/m3. The thickness of the TPU honeycomb grid (insert layer) varies from 2 to

10mm in order to determine its influence on the sound absorption coefficient.

The 9-laminate PET
nonwoven layer is made
of 7D PET/low-Tm
fiber (7:3) and its

thickness is 10 mm.

The TPU honeycomb
grid is with a thickness

ranging from 2 to 10 mm.

The PU foam layer is
with a thickness of 20

mm and a density of 1.0

kg/m’.
(a)

Top layer

Insert layer

Bottom layer

lem :

(b)
Figure 8 (a) is the cubic cross-section of the PET/TPU/PU sandwich plank and (b) is
the illustration of the PET/TPU/PU sandwich plank taken by an optical microscope.

The top layer is the 9-laminate PET nonwoven layer which is made of 7D

14
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PET/low-Tm fiber (7:3) and then compressed in a thickness of 10mm. The insert layer
is TPU honeycomb grid with a thickness ranging from 2 to 10mm. And the bottom
layer is the PU foam layer which is with a thickness of 20mm and a density of 1.0
kg/m’.

The PU Foam Layer
The optimum thickness of the PU foam

The PET/TPU/PU sandwich plank was fabricated according to the
following parameters: the top layer was 9-laminate PET nonwoven layer
with a thickness of 10 mm; the insert layer was TPU honeycomb grid
with a thickness of 10 mm; and the bottom layer was PU foam with a
density of 1.0 kg/m’. The PU foam was formulated with foam reagent A
and hardener reagent B blended in the volume ratio 1:1. Figures 9 and 10
show the sound absorption coefficient when the thickness of the PU foam
layer varied from 10 to 30 mm. The PU foam layer had closed pore and
the resonance over its surface helped prevent the sound energy from
penetrating. However, PU foam layer with a thickness of 10 mm was not
thick enough for low frequencies; meanwhile, some sound waves still
penetrated the sound absorption materials and were reflected by the rigid
wall so the sound absorption ability was not good. With a thickness of 20
mm or of 30 mm, the PU foam layer was good enough to prevent the

sound energy from penetrating and thus engendered vibration for sound
15
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absorption. Hence, the optimum thickness of the PU foam was
determined as 20 mm and the sound absorption coefficient was between

0.89 and 0.95 on the frequencies from 2000 to 4000 Hz.

The 9-laminate PET nonwoven
layer is made of 7D PET/low-Tm
fiber (7:3) and with a thickness of
10 mm.

The TPU honeycomb grid is
with a thickness of 10 mm.

The PU foam layer is with a
density of 1.0 kg/m’. Its
thickness varies from 10 to 30

mim.

Figure 9 The cubic cross-section of the PET/TPU/PU sandwich plank. The top layer is
the 9-laminate PET nonwoven layer which is made of 7D PET and low-Tm fiber (7:3)
and further compressed in a thickness of 10mm. The insert layer is the TPU
honeycomb grid with a thickness of 10mm. The bottom layer is the PU foam layer
which is with a thickness varying from 10 to 30 mm and a density of 1.0 kg/m3 .

16
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27 Figure 10 The sandwich plank is composed of PET/TPU/PU layers. The PET
ég nonwoven layer, top layer, is made from 7D PET and low-Tm fiber (7:3). The TPU
30 honeycomb grid, insert layer, is with a thickness of 10 mm. And the PU foam layer,
g; bottom layer, is with a density of 1.0 kg/m3; furthermore, the thickness of the PU
33 foam is altered from 10 to 30 mm in order to determine its influence on the sound
34 ) ..

35 absorption coefficient.
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j; The sandwich composite plank was consisted of 1) PET nonwoven
43

jg sheet comprising 9 laminates and with a thickness of 10 mm, 2) the TPU
46

47 : : : :
48 honeycomb grid with a thickness of 10mm and 3) the PU foam which
49

50 :

51 was formed by blending foam reagent A and hardener reagent B (blended)
52

53 ) ) . ) .

54 in the volume ratio 1:1 and with a thickness of 20 mm. The density of the
55

56 .

57 PU foam was changed from 0.5, 1.0, 1.5, 2.0, and 2.5 kg/m’ in order to
58

59 . . . . . . .

60 see its influence on the sound absorption coefficient as shown in Figure
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11 and 12.

When the PU foam reached a certain density, its sound absorption
performance became better. In particular, its foam structure was complete
to insulate the sound waves when the density of the PU foam sheet was
1.0 kg/m’. However, when PU foam layer was with a density of 0.5 kg/m’,
its structure was not even comparatively. During the process of foaming,
the stress PU foam layer took was lower, thus there were uneven pore
diameters. When sound waves transformed into mechanical energy and
were transmitted into the PET/TPU/PU sandwich plank, the PU foam
layer with uneven pore diameters failed in dispersing the vibration energy
thus the average sound absorption coefficient was lower. Figure 13 shows
the PU foam layer contains different pore diameters and a closed porous
structure. Therefore, 1.0 kg/m’ was the optimum density of PU foam
layer and the sound absorption efficient was between 0.91 and 0.95 on the

frequencies from 2000 to 4000 Hz.

18
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The 9—-laminate PET
nonwoven sheet is made of 7D
PET/low-Tm fiber (7:3) and
with a thickness of 10 mm.

©CoO~NOUTA,WNPE

The TPU honeycomb grid is
with a thickness of 10mm.

The PU foam layer is with a
thickness of 20 mm and its
density varies from 0.5 to 2.5
kg/m’.

38 Figure 11 The cubic cross-section of the PET/TPU/PU sandwich plank. The top layer
39 is the 9-laminate PET nonwoven layer which is made of 7D PET and low-Tm fiber
41 (7:3) and then compressed in a thickness of 10mm. The insert layer is the TPU
42 honeycomb grid with a thickness of 10mm. And the bottom layer is the PU foam layer
44 which is with a thickness of 20 mm and its density varies from 0.5 to 2.5 kg/m’.
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Figure 12 The sandwich plank is composed of PET/TPU/PU layers. The PET
nonwoven sheet, top layer, is made from 7D PET and low-Tm fiber (7:3). The
honeycomb grid, insert layer, is with a thickness of 10mm. And the PU foam sheet,
bottom layer, is with a thickness of 20mm and various densities. The density of the

PU foam is altered from 0.5 to 2.5 kg/m3 in order to determine its influence on the

sound absorption coefficient.

different pore
diameters and closed

porous structure

Figure 13 The illustration of the porous structure of the PU foam taken by optical

microscope.
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CONCLUSIONS

According to the results of this experiment, a sandwich composite
plank with high sound absorption coefficient in fibrous conformation was
successfully manufactured. The PET/TPU/PU sandwich plank displayed
the average sound absorption coefficient as 0.77 on the frequencies from
0 to 4000 Hz based on the following optimum parameters for three layers
of the sandwich plank. For PET nonwoven layer, its optimum laminated
counts, weight ratio (7D PET/ low-Tm fiber), and thickness were 9 layers,
7:3, and 10 mm. For TPU honeycomb grid, the optimum thickness was
10 mm. For the PU foam layer, its optimum thickness and density were
20 mm and 1.0 kg/m’. In particular, the sound absorption coefficient of

the PET/TPU/PU sandwich plank was 0.95 on the frequency of 3000 Hz.
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