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2 Introduction

Noise pollution in the living and working
environment seriously affects people’s
physical and psychological health, and
the prevention and control of noise pol-
lution has become an important global
issue nowadays [1, 2]. In recent years
domestic and overseas scholars have had
many important achievements in the re-
search and development of sound insula-
tion composites. The company of Julius
Heywinkel in Germany [3] developed
a kind of sound insulation fabric used
for roads and courtyards which has hol-
low sandwich structures that are usually
filled with thermal insulation materials,
such as quartz sand and so on. Narang [4]
filled polyester fibres into the cavity of
light walls manufactured from integrated
sandwich composites and studied the re-
lationship between the surface density,
fibre type and cripe index of polyester fi-
bres and the mechanical properties of the
composites. The SNIA Fibre company in
Italy [5] developed compound sound in-
sulation composites composed of viscos-
ity non-woven fabrics in the middle lay-
ers and PVC (polrvinyl chloride) in the
upper and lower layers. Gao [6] devel-
oped compound composites composed of
waste rubber powder, glass fibre fabrics
and PVC, and tested their sound insula-
tion property. Fu [7] prepared composites
composed of glass fibre fabrics and PVC
by the constant press pouring process,
and the results showed that the com-
posites had a notable effect on cutting
off noise of middle and low frequency.
Jiang [8] analysed the sound insulation
principle of foamed composites based on
polymers, and the results showed that the
composites had excellent sound insula-
tion properties.
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Abstract

Three-dimensional spacer fabric composites (3D composites) are new sandwich structure
composites which not only have high specific strength, high specific stiffness, light weight,
better integrity, and good designability but also have an excellent sound insulation property
and heat-proof performance owing to special sandwich structures. Some 3D composites
with different pile heights, face-sheet thicknesses and pile structures were manufactured in
order to discuss the relationship between the sound insulation properties and structures of
the 3D composites in the paper. Different reverberation-anechoic chamber methods were
used to study the sound insulation property. The results showed that three-dimension spacer
fabric composites had excellent sound insulation properties, increasing with an increase in
pile height and face-sheet thickness, and the sound insulation property of “8” -shaped pile
structures were better than that of “88”-shaped ones. The results would offer important
guidance for structure optimisation and property analysis of three-dimensional spacer fab-
ric composites.
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Three-dimensional spacer fabric compos-
ites not only have high specific strength,
high specific stiffness, light weight, bet-

the paper, and the influence of structure
parameters, such as pile height, pile den-
sity, and face-sheet thickness were also

ter integrity, and good designing perfor-
mance, but they also have an excellent
sound insulation property and heat-proof
performance owing to the special hollow
structure [9, 10]. Nowadays the mechani-
cal properties of 3D composites have
been mostly defined [11 - 13], but stud-
ies of the sound insulation property have
not yet been undertaken thoroughly. Re-
verberation-anechoic chamber methods
were used to study the sound insulation
property of spacer fabric composites in

analysed, which would provide a theory
basis for the structure optimisation and
application of the 3D composites.

B Experiment

Specimen preparation

Three-dimensional spacer fabric compos-
ites were prepared by the standard hand
lay-up technique with a mixture of epoxy
resin (WSR618), hardener (polyamide

Figure 1. Structural diagram of three-dimension spacer fabric composites; a) “8 "-shaped,
b) “88"-shaped pile structure.

Table 1. Basic parameters of three-dimensional spacer fabric composites.

Face-sheet Warp density, ends/cm
thickness, mm | Face-sheet Pile

Pile
structure

Pile height,
mm

Weft density,
ends/cm

z
o

“8"-shaped 6 0.5 15 8 5

“88"-shaped 6 0.5 15 8 5
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651), and diluents (propylene oxide tert-
butyl ether 660). The mass ratio of the
mixture is 100 of epoxy resin, 20 of hard-
ener, and 10 of diluents [13]. Two types of
structural diagram of the 3D composites
are shown in Figure 1 “8’-shaped pile
structure and “88”-shaped pile structure.

Basic parameters of the three-dimension-
al spacer fabric composites are shown in
Table 1.

Sound insulation property test

Testing of sound insulation properties of
the three-dimension spacer fabric com-
posites was done by the reverberation-
anechoic chamber method [14, 15] in this
paper. The test system used was a BSWA
VS302USB double track acoustic ana-
lyser, as shown in Figure 2.

The sound transmission loss was used to
characterise the sound insulation prop-
erty of the three-dimension spacer fab-
ric composites in the test, which namely
equals the subtraction of the power level
of the incidence sound from that of the
transmission sound, also known as the
sound transmission loss (STL). Refer-
encing ISOR140-1 and ISORI40-170,
measurement standards of sound insula-
tion used in building and construction
components, an A-weighting network of
80 dB sound pressure level (SPL) and
with a pink background noise source was
selected. The size of the static voice box
was 1000 mm length, 1000 mm width
and 1000 mm height, the sound sam-
pling frequency 48,000, and the sample
number of fast fourier transform (FFT)
was 4096. The size of test samples was
250 mm length and 250 mm width.
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Figure 2. Reverberation-anechoic chambers measuring system.

For the same sound insulation compos-
ites, different frequencies have different
sound insulation. Therefore one third oc-
tave of testing was used and 16 center fre-
quencies chosen, including 100, 125, 160,
200, 250, 315, 400, 500, 630, 800, 1000,
1250, 1600, 2000, 2500 and 3150 Hz. At
the same time, curves of sound insulation
of the 3D composites were made which
can reflect the sound insulation property
comprehensively. However, it is complex
and not ocular to express the sound insu-
lation property owing to a great value of
the test. To put it simply, the arithmetic
mean value of sound insulation at each
frenquency band, namely the average
sound transmission loss (STL), was used
to evaluate the ability of sound insulation
of the composites in the paper. The aver-

age value [17] of sound insulation can be
calculated as formula (1).

_ 1 N
L==3>r, (D
o Nag,
Where, L' is the average value of sound
transmis7Lj loss (dB), TL; the sound
transmission loss of one third octave (dB),
N; the number of measuring sound insula-
tion frequency bands, and 7 equals 1 to 16.

I Results and discussion

Influence of pile height on the sound
insulation property

Curves of the relationship between fre-
quency and transmission loss in the con-
dition of different pile heights are shown
in Figure 3. It can be seen that the com-
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Figure 3. Relationship between frequency and transmission loss in the condition of different pile height; a) “8 "-shaped, b) “88"-shaped

pile structure.
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Figure 4. Influence of pile height on sound insulation property of  Figure 6. Influence of pile height on sound insulation property of
3D spacer fabric composites.

posites have certain sound insulation
properties at different frequencies and
the difference is great. The sound insula-
tion effects are worst when the frequency
is under 800 Hz, and the sound insula-
tion effects are best when it is between
800 and 1600 Hz. The sound insulation
properties are better and sound trans-
mission loss has small fluctuation when
the frequency is over 1600 Hz. What is
more the sound insulation properties vary
greatly with an increase in pile height.

The relationship between the pile height
and sound insulation properties of the
composites is shown in Figure 4.

1) The sound insulation properties of

the three-dimensional spacer fabric
composites increased gradually with
an increase in the pile height. When
the pile height was increased from 2
to 10 mm, the average value of sound
transmission loss of “8”-shaped spac-
er fabric composites increased from
12 to 18 dB, while that of “88”-shaped
ones increased from 10 to 16 dB, the
reason for which being variation in the
thickness of the air layer resulting in a
change in the sound insulation proper-

3D spacer fabric composites.

ties [16]. Elastic deformation of the air
layer provides a vibration damping for
the acoustic wave. The air layer thick-
ness between the upper and lower
face-sheet increased and the vibration
that passed to the down face-sheet de-
creased greatly with an increase in the
pile height of the composites, which
increased the total sound transmission
loss of the three-dimensional spacer
fabric composites.

2) The average value of sound transmis-

sion loss of the “8”-shaped structure
was higher than that of the “88”-shaped
one in the three-dimensional spacer
fabric composites, which indicated
that the sound insulation properties of
“8”-shaped structures was better than
that of “88”-shaped ones. The reason
is that when the sound waves reached
the hollow parts of the composites, the
times and paths of reflection, scatter-
ing, refraction and diffraction of the
sound wave happening in them were
different owing to the varied arrange-
ment of the law of the piles, which re-
sulted in a different depletion degree
of the sound wave. At the same time,

Table 2. Structural parameters of 3D spacer fabric composites.

the fabric density of the “8”-shaped
structures was higher than that of the
“88”-shaped ones, which also resulted
in different sound insulation proper-
ties of the two types of spacer fabric
composites.

3) The average value of sound transmis-
sion loss increased obviously when
the pile height of the three-dimension
spacer fabric composites was in-
creased from 8 to 10 mm, which can
be explained by the fact that the sound
insulation effects of the 3D compos-
ites enhanced significantly when the
pile height of the composites was in-
creased to a certain degree. The rea-
son for this can be that the compos-
ites with the a pile height of 10 mm
increased not only the value of sound
transmission loss, ranging between
800 and 1600 Hz, but also that of
sound transmission loss under 800 Hz.

Influence of face-sheet thickness
on the sound insulation property

The three-dimensional spacer fabric com-
posites of “8”-shaped and “88”-shaped
structure with a pile height of 6 mm were

No Pile structure Pile height, Face-sheet Warp density, ends/cm Weft density,
' mm thickness, mm Face-sheet Pile ends/cm
1 “8”-shaped 05
(face-sheet covered with no additional fabric) ’
“8”-shaped
2 (face-sheet covered with one-layer of fabric) 6 1.0 15 8 5
3 “8"-shaped 15
(face-sheet covered with two-layers of fabrics) )
4 “88"-shaped 05
(face-sheet covered with no additional fabric) ’
“88”-shaped
5 (face-sheet covered with one-layer of fabric) 6 1.0 15 8 5
6 “88"-shaped 15
(face-sheet covered with two-layers of fabrics) '
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Figure 5. Relationship between frequency and transmission loss in the condition of different face-sheet status; a) “8”-shaped,

b) “88”-shaped pile structure.

chosen to study the influence of face-sheet
thickness on the sound insulation proper-
ties, as shown in Table 2 (see page 65).

Curves of the relationship between fre-
quency and transmission loss in the con-
dition of different face-sheet statuses are
shown in Figure 5. It can be seen that
the composites have certain sound insu-
lation properties at different frequencies
and the difference is great, as expressed
in Figure 3. What is more, the sound in-
sulation properties vary slightly with a
change in the face-sheet status.

The relationship between the face-sheet
thickness and average value of sound
transmission loss is shown in Figure 6.

1) The average transmission loss clearly
increased when the three-dimensional
spacer fabric composites were cov-
ered with a layer of fabric skins, and
the sound insulation properties of the
composites covered with two layer
fabric skins were better than of those
with one layer. According to the law
of mass action [17], the quality of the
composites per unit area and the prop-
agation path and energy consumption
of the sound wave in the composites
would both increase with an increase
in the face-sheet thickness. Therefore
an increases in face-sheet thickness
could enhance the sound insulation
properties of the three-dimensional
spacer fabric composites significantly.

2) The sound insulation properties of
“8”-shaped structures would increase
faster than that of “88”-shaped ones
when the three-dimensional spacer
fabric composites are covered with a
layer of fabric skins. The reason for
this can be that on the one hand the
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density of ,,8”-shaped structures is
higher than that of ,,88”-shaped ones.
According to the law of mass action
[18], the sound insulation properties
of ,,8”-shaped structures are better
than those of ,,88”-shaped ones. But
on the other hand the combined ac-
tions of the face-sheet thickness and
pile density lead to an increased range
of the sound insulation properties of
.8 -shaped pile structures faster than
for ,,8”-shaped ones.

@ Conclusion

Three-dimensional spacer fabric com-
posites are new sandwich structure com-
posites, which not only have high spe-
cific strength and stiffness, light weight,
better integrity, and good designability,
but also have an excellent sound insula-
tion property and heat-proof performance
owing to special sandwich structures.
The work revealed the relationship be-
tween the sound insulation properties
and structures of the 3D composites. The
results showed that three-dimensional
spacer fabric composites have excellent
sound insulation properties, especially
for a sound wave range between 800
and 1600 Hz. The sound insulation prop-
erty increased with an increase in pile
height and face-sheet thickness, and the
sound insulation property of “8”-shaped
pile structures were better than that of
“88”-shaped ones. The results represent
an important guidance function for struc-
ture optimisation and property analysis
of the 3D composites.
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