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Abstract: The design of sound-insulation schemes requires the development of new materials and
structures while also paying attention to their laying order. If the sound-insulation performance of
the whole structure can be improved by simply changing the laying order of materials or structures, it
will bring great advantages to the implementation of the scheme and cost control. This paper studies
this problem. First, taking a simple sandwich composite plate as an example, a sound-insulation
prediction model for composite structures was established. The influence of different material laying
schemes on the overall sound-insulation characteristics was calculated and analyzed. Then, sound-
insulation tests were conducted on different samples in the acoustic laboratory. The accuracy of the
simulation model was verified through a comparative analysis of experimental results. Finally, based
on the sound-insulation influence law of the sandwich panel core layer materials obtained from
simulation analysis, the sound-insulation optimization design of the composite floor of a high-speed
train was carried out. The results show that when the sound absorption material is concentrated in
the middle, and the sound-insulation material is sandwiched from both sides of the laying scheme, it
represents a better effect on medium-frequency sound-insulation performance. When this method
is applied to the sound-insulation optimization of a high-speed train carbody, the sound-insulation
performance of the middle and low-frequency band of 125–315 Hz can be improved by 1–3 dB, and
the overall weighted sound reduction index can be improved by 0.9 dB without changing the type,
thickness or weight of the core layer materials.

Keywords: sound insulation; sound-insulation material; sound absorption material; laying scheme;
optimal design; high-speed train

1. Introduction

In the noise control of high-speed trains, sound-insulation design is always very im-
portant. A high-speed train’s body is a complex multilayer composite structure, which
includes the body profile, inner plate and core layer materials (all kinds of sound absorp-
tion/insulation materials and damping materials). Its acoustic properties are influenced by
its mass, structure and material [1–3].

In order to achieve higher acoustic insulation performance, many studies were pro-
posed. For example, from the perspective of optimizing acoustic structure, Yao et al. [4,5],
taking typical cross-section mass and average sound transmission loss in the 400 to 3150 Hz
frequency band as the optimization objectives, carried out lightweight sound-insulation
design for the aluminum profile of the floor of a high-speed train, which improved the
average sound insulation and weighted sound insulation by 0.8 dB and 1.0 dB, respec-
tively, in the aforementioned frequency band. They also proposed a modal adaptive
damping treatment optimization design method that effectively improved the acoustic
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and vibrational performance of the floor’s structure. Lin et al. [6] optimized the acoustic
and vibrational performance of aluminum profiles from the aspects of the acoustic bridge,
plate thickness, structural materials, etc., and obtained a structure with better acoustic and
vibrational performance. Zhang et al. [7] used the wavenumber finite element method and
the wavenumber boundary element method to study the influence of core sections of rectan-
gular, triangular and trapezoidal trusses on sound transmission loss of aluminum profiles
in detail. Jacek et al. [8] proposed the composite floor with a dry floating screed and a sus-
pended ceiling, which achieved satisfactory results in airborne and impact sound insulation.
Li et al. [9] proposed an orthogonally rib-stiffened honeycomb double sandwich structure
with periodic arrays of shunted piezoelectric patches, which can improve the low-frequency
sound insulation of the aircraft cabin and broaden the sound-insulation bandwidth.

There are also some studies from the perspective of new materials, such as by Hu et al. [10],
who analyzed the influence of honeycomb core specifications, panel materials and glass
bead modification on the sound-insulation performance of honeycomb sandwich panels by
using the hot-pressing method and the four-sensor impedance tube method, providing data
support for the selection of train body materials. Kim et al. [11,12] evaluated the sound-
insulation performance of honeycomb composite panels and discussed the feasibility of
replacing traditional corrugated steel plates with honeycomb composite panels in a car
body. They also improved the sound-insulation effect by placing polyurethane foam
in the aluminum cavity of a high-speed train’s body. Kaidouchi et al. [13] studied the
sound-insulation performance of an in-plane honeycomb sandwich structure in aerospace
applications and found that glass-fiber-reinforced polymer cores with fiber-reinforced
plastic facing materials have better vibro-acoustic and sound transmission characteristics.
Kang et al. [14] proposed an elastic layer with a low specific modulus in the middle of the
core layer, which can significantly improve the broadband sound-insulation performance
of the panel. Liu et al. [15] put forward the selection principle of aluminum profile surface
damping material, which can predict the sound-insulation performance of an aluminum
extrusion plate at the initial stage of design or put forward suggestions for improvement.
Zhang et al. [16] designed a lightweight, low-frequency acoustic metamaterial (beam-
like resonator) for low-frequency noise and vibration control based on the multiparameter
optimization method, which has an obvious effect on the low-frequency noise and vibration
control of a high-speed train’s floor structure.

To sum up, the existing research mainly improves the sound-insulation performance
through material modification and structural design. However, the laying order of different
materials and different structures also has an important effect on the sound insulation of
the whole structure, which was often ignored in the previous research. In addition, the
application of a new structure and new materials also involves a lot of new problems, such
as the need to redesign space and weight accounting, recheck the strength and recheck
the fire rating and insulation performance. This brings higher research, development
and verification costs. If the sound-insulation performance of the whole structure can be
improved simply by changing the placement sequence of materials or structures, it will
bring great advantages to the implementation of the scheme and cost control.

Compared with previous studies, the research in this paper is different in that it can
improve the sound-insulation performance by changing only the laying sequence of core
layer materials without changing the type, thickness and density of core layer materials
in the structure. Relatively speaking, this approach has almost no change to the space,
thickness, weight and material type of the structure. It will bring great advantages to
the implementation of the program and cost control and has a high engineering practical
significance. In Section 2, taking a simple sandwich composite board as an example, the
influence of changing the material laying order on the overall sound-insulation character-
istics is simulated and analyzed. In Section 3, experiments are carried out to verify the
simulation results of the previous section. In Section 4, the research results are applied to
the sound-insulation optimization design of a high-speed train’s floor structure, and the
optimization effect is evaluated.
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2. Simulation Study on the Effect of Core Layer Material Laying Order on Sandwich
Composite Panel Sound Insulation

In Figure 1, a section diagram of a high-speed train’s floor structure is provided. It
can be seen that the outside of the floor structure has an aluminum profile; the inside is
the inner floor; and the middle is the core layer material, which is similar to a sandwich
structure on the whole. Therefore, this paper first takes a simple sandwich composite board
as the object to explore the effect of the laying sequence of core layer materials on the
overall sound-insulation characteristics, which can provide guidance for the subsequent
sound-insulation design of high-speed train floor structures.
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Figure 1. Section of a high-speed train’s floor structure.

As shown in Figure 2, under the premise that the total thickness, weight and type of
core layer materials remain unchanged, there are four different laying sequences: (1) sound
insulation and absorption materials are uniformly stacked alternately; (2) sound-insulation
materials and sound-absorbing materials are stacked separately; (3) the sound-insulation
materials are concentrated in the middle, and the sound-absorbing material is distributed
on both sides; (4) sound-absorbing materials are concentrated in the middle, and sound-
insulation materials are distributed on both sides. In this section, corresponding compar-
ative calculation conditions are set for these four situations to explore their influence on
sound insulation.

2.1. Sound Insulation Prediction Model

Statistical energy analysis (SEA) is an effective method for acoustic modeling and
prediction [17] that is often used in the field of sound insulation [18–20]. The whole system
is composed of a number of statistical subsystems, and the external incentive is applied to
obtain a quick response from the system. This is realized by using the commercial software
VA One [21].

The sound cavity–sandwich plate–sound cavity insulation prediction model was
established in the software VA One, as shown in Figure 3. The dimensions of both cavities
are 1.0 m × 1.0 m × 1.0 m. A reverberation field is applied to one of the cavities to simulate
the source excitation and to the other cavity to simulate the receiving side. The length and
width of the sandwich plate are 1.0 m × 1.0 m, and it is composed of a skin substrate and
core layer material (sound insulation material and sound-absorbing material), which can
be realized by using the acoustic package [22–24] in the software, as shown in Figure 4.
Model verification was carried out before starting the model.
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The sound insulation of the plate structure is defined as follows:

TL = L1 − L2 + 10 log10
S
A

(1)

where L1 and L2 are the average sound pressure levels of the source chamber and the
receiving chamber; S is the area of the sample; and A is the sound absorption coefficient of
the receiving room, which can be obtained by testing the reverberation time of the receiving
room according to Equation (2).

A =
0.16V2

T
(2)

Here, V2 is the volume of the receiving chamber, and T is the reverberation time of
the receiving room. The relationship between the reverberation time and the damping loss
factor of the receiving chamber is as follows:

η =
2.2
T f

(3)

In SEA, the difference in sound pressure level between the external and internal
cavities is related to the energy density ratio of the two cavities:

L1 − L2 = 10 log10
E1/V1

E2/V2
(4)

By substituting Equations (2)–(4) into Equation (1), the sound insulation calculation
results can be obtained, as shown in Equation (5).

TL = 10 log10

(
E1

E2

27.5πS
ωV1η

)
(5)

After obtaining the calculation result of the sound-insulation frequency curve, the
weighted sound reduction index Rw is further calculated according to the standard [25],
which is used as the single value evaluation quantity to evaluate the overall sound-
insulation level of the sample.
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2.2. Research Schemes and Results Analysis

The hard rubber and light glass wool provided in the software are used as the sound-
insulation and absorption materials in the core layer, and a total of two comparison groups
are set. In comparison to Group #1 and #2, a 2 mm aluminum plate and 4 mm thick plywood
were used as the skin baseplate, respectively. Then, four samples with the same type of core
layer materials, equal weight and thickness were set as the comparison schemes for each
comparison group, and the difference was only in their laying order. Table 1 shows the basic
parameters of the skin and core materials involved in the model. Tables 2 and 3, respectively,
give the concrete laying schemes of the core layer materials of the two comparison groups.

Table 1. Basic parameters of materials in the model.

Parameters Aluminum Plate Plywood Hard Rubber Light Glass Wool

Density (kg/m3) 2700 700 1100 16
Elasticity modulus (GPa) 71.0 6.0 2.3 \

Poisson’s ratio 0.33 0.25 0.49 \
Porosity \ \ \ 0.99

Flow resistivity (N.s/m4) \ \ \ 9000

Table 2. Material composition of each research scheme in Group #1.

No. Sample #1-1 Sample #1-2 Sample #1-3 Sample #1-4

Core layer material
composition

10 mm light glass wool
4 mm hard rubber 15 mm light glass wool

2 mm hard rubber

2 mm hard rubber

30 mm light glass wool10 mm light glass wool

30 mm light glass wool

4 mm hard rubber

2 mm hard rubber
15 mm light glass wool

10 mm light glass wool 2 mm hard rubber

Table 3. Material composition of each research scheme in Group #2.

No. Sample #2-1 Sample #2-2 Sample #2-3 Sample #2-4

Core layer material
composition

20 mm light glass wool
2 mm hard rubber 30 mm light glass wool

1 mm hard rubber

1 mm hard rubber

60 mm light glass wool20 mm light glass wool

60 mm light glass wool

2 mm hard rubber

1 mm hard rubber
30 mm light glass wool

20 mm light glass wool 1 mm hard rubber

As can be seen from Tables 2 and 3, Samples #1-1 and #2-1 are laid alternately in the
core layer with sound-insulation materials and sound-absorbing materials. Sample #1-2 and
#2-2 are separated soundproof materials and sound-absorbing materials; Sample #1-3 and
#2-3 are soundproof materials placed in the middle of the core layer and sound-absorbing
materials placed on both sides; in both Samples #1-4 and #2-4, soundproof materials are
placed on both sides of the core layer, and sound-absorbing materials are concentrated in
the middle of the core layer.

Figure 5a,b, respectively, show the sound-insulation calculation results of the com-
parison Groups #1 and #2. As can be seen from Figure 5a, the four samples have little
difference at frequencies below 160 Hz and above 800 Hz, and the difference is mainly in
the middle-frequency band between 200 Hz and 630 Hz. Among them, Sample #1-1 has the
lowest intermediate frequency sound insulation; compared with Sample #1-1, the increase
in Sample #1-3 is 9–13 dB in the frequency band 400–630 Hz. Compared with Sample
#1-3, the increase in Sample #1-2 is 6–13 dB at 200–400 Hz, but a slight decrease occurs at
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630–800 Hz. Compared with Sample #1-2, Sample #1-4 has an increase of nearly 2 dB at
200–800 Hz. From the perspective of the overall weighted sound reduction index Rw, the
order of the four sample values is consistent with the quality of the intermediate frequency
sound-insulation level. The law in Figure 5b is basically similar to that in Figure 5a, and it
is not repeated.

Materials 2023, 16, x FOR PEER REVIEW 7 of 14 
 

 

10 mm light glass wool 
30 mm light glass wool 

4 mm hard rubber 
2 mm hard rubber 

15 mm light glass wool 
10 mm light glass wool 2 mm hard rubber 

Table 3. Material composition of each research scheme in Group #2. 

No. Sample #2-1 Sample #2-2 Sample #2-3 Sample #2-4 

Core layer material 
composition 

20 mm light glass wool 
2 mm hard rubber 30 mm light glass wool 

1 mm hard rubber 
1 mm hard rubber 

60 mm light glass wool 20 mm light glass wool 
60 mm light glass wool 

2 mm hard rubber 
1 mm hard rubber 

30 mm light glass wool 
20 mm light glass wool 1 mm hard rubber 

Figure 5a,b, respectively, show the sound-insulation calculation results of the com-
parison Groups #1 and #2. As can be seen from Figure 5a, the four samples have little 
difference at frequencies below 160 Hz and above 800 Hz, and the difference is mainly in 
the middle-frequency band between 200 Hz and 630 Hz. Among them, Sample #1-1 has 
the lowest intermediate frequency sound insulation; compared with Sample #1-1, the in-
crease in Sample #1-3 is 9–13 dB in the frequency band 400–630 Hz. Compared with 
Sample #1-3, the increase in Sample #1-2 is 6–13 dB at 200–400 Hz, but a slight decrease 
occurs at 630–800 Hz. Compared with Sample #1-2, Sample #1-4 has an increase of nearly 
2 dB at 200–800 Hz. From the perspective of the overall weighted sound reduction index 
Rw, the order of the four sample values is consistent with the quality of the intermediate 
frequency sound-insulation level. The law in Figure 5b is basically similar to that in Fig-
ure 5a, and it is not repeated. 

Furthermore, combined with the material composition of each sample, it can be 
found that the quality of intermediate frequency sound insulation has the greatest rela-
tionship with the concentration of sound-absorbing materials. The relationship is basi-
cally positive. Taking comparison Group #1 as an example, the total thickness of the 
sound-absorbing materials in 4 samples is 30 mm. Sample #1-1 is divided from 2 acoustic 
layers into 3 thin sound-absorbing layers with a thickness of 10 mm. Sample #1-3 is di-
vided by a soundproof layer into 2 thin sound-absorbing layers with a thickness of 15 
mm. The sound-absorbing layer of Sample #1-2 is not divided but placed separately from 
the sound-insulation layer without them crossing each other. The sound-absorbing layers 
of Sample #1-4 are also not divided but sandwiched between two soundproof layers. 

100 200 400 800 1600 3150 6300
0

10

20

30

40

50

60

70

80

 Sample #1-1    Rw = 32.2dB
 Sample #1-2    Rw = 39.2dB
 Sample #1-3    Rw = 33.0dB
 Sample #1-4    Rw = 39.9dB

So
un

d 
in

su
la

tio
n,

 d
B

Frequency, Hz  

100 200 400 800 1600 3150 6300
0

10

20

30

40

50

60

70

80

 Sample #2-1    Rw = 27.8dB
 Sample #2-2    Rw = 34.7dB
 Sample #2-3    Rw = 28.8dB
 Sample #2-4    Rw = 35.1dB

So
un

d 
in

su
la

tio
n,

 d
B

Frequency, Hz  
(a) (b) 

Figure 5. Calculation results of influence of material laying order on sandwich plate sound-insulation.
(a) Group #1; (b) Group #2.

Furthermore, combined with the material composition of each sample, it can be found
that the quality of intermediate frequency sound insulation has the greatest relationship
with the concentration of sound-absorbing materials. The relationship is basically positive.
Taking comparison Group #1 as an example, the total thickness of the sound-absorbing
materials in 4 samples is 30 mm. Sample #1-1 is divided from 2 acoustic layers into 3 thin
sound-absorbing layers with a thickness of 10 mm. Sample #1-3 is divided by a soundproof
layer into 2 thin sound-absorbing layers with a thickness of 15 mm. The sound-absorbing
layer of Sample #1-2 is not divided but placed separately from the sound-insulation layer
without them crossing each other. The sound-absorbing layers of Sample #1-4 are also not
divided but sandwiched between two soundproof layers.

The above calculation results show that for simple sandwich composite panels, the
sound-insulation characteristics of the whole structure are only affected if the laying
sequence is changed under the premise that the type, thickness and weight of the core layer
materials are unchanged. Among them, the sound absorption material is centrally placed,
significantly improving the intermediate frequency sound insulation’s performance. This
is caused by the variation in sound absorption properties of the material’s thickness. As
shown in Figure 6a,b, the measured results of the sound absorption coefficient with varying
thicknesses of two porous materials are provided. It can be seen that with the increase in
material thickness, the optimal frequency band of the sound absorption coefficient moves
in the low-frequency direction, and the frequency band with the largest increase in the
sound absorption coefficient happens to be located in the middle-frequency band of the
sound absorption curve. In addition, the sound-insulation material is divided and evenly
placed on both sides of the sound absorbing material, close to the skin substrate, which can
further improve the level of sound insulation, but the improvement is not large.



Materials 2023, 16, 3862 8 of 13

Materials 2023, 16, x FOR PEER REVIEW 8 of 14 
 

 

Figure 5. Calculation results of influence of material laying order on sandwich plate 
sound-insulation. (a) Group #1; (b) Group #2. 

The above calculation results show that for simple sandwich composite panels, the 
sound-insulation characteristics of the whole structure are only affected if the laying se-
quence is changed under the premise that the type, thickness and weight of the core layer 
materials are unchanged. Among them, the sound absorption material is centrally 
placed, significantly improving the intermediate frequency sound insulation’s perfor-
mance. This is caused by the variation in sound absorption properties of the material’s 
thickness. As shown in Figure 6a,b, the measured results of the sound absorption coeffi-
cient with varying thicknesses of two porous materials are provided. It can be seen that 
with the increase in material thickness, the optimal frequency band of the sound absorp-
tion coefficient moves in the low-frequency direction, and the frequency band with the 
largest increase in the sound absorption coefficient happens to be located in the mid-
dle-frequency band of the sound absorption curve. In addition, the sound-insulation 
material is divided and evenly placed on both sides of the sound absorbing material, 
close to the skin substrate, which can further improve the level of sound insulation, but 
the improvement is not large. 

 
(a) (b) 

Figure 6. Variation in sound absorption coefficient with the thickness of the porous material. (a) 
Superfine glass wool (Volume–weight 60 kg/m3); (b) Polyurethane foam (Volume–weight 10 
kg/m3). 

3. Test Verification 
Based on the double reverberation chamber method [26], the simulation calculation 

results in Section 2 were tested and verified. As shown in Figure 7, the test sample size 
was 1 m2, which was installed in the sound-insulation hole, and the surrounding area was 
sealed well with oil sludge. The sound source room and the receiving room were each 
equipped with 6 microphones. Before the test, a technical inspection of the number and 
positions of loudspeakers and microphones in the source room was completed. During 
the test, a diffused sound field of more than 100 dB was applied in the source room by 
using an undirected speaker, and the average sound pressure levels L1 and L2 of the 
source room and the receiving room were measured. The test frequency ranged from 100 
Hz to 5000 Hz. 

Figure 6. Variation in sound absorption coefficient with the thickness of the porous material.
(a) Superfine glass wool (Volume–weight 60 kg/m3); (b) Polyurethane foam (Volume–weight
10 kg/m3).

3. Test Verification

Based on the double reverberation chamber method [26], the simulation calculation
results in Section 2 were tested and verified. As shown in Figure 7, the test sample size
was 1 m2, which was installed in the sound-insulation hole, and the surrounding area was
sealed well with oil sludge. The sound source room and the receiving room were each
equipped with 6 microphones. Before the test, a technical inspection of the number and
positions of loudspeakers and microphones in the source room was completed. During the
test, a diffused sound field of more than 100 dB was applied in the source room by using
an undirected speaker, and the average sound pressure levels L1 and L2 of the source room
and the receiving room were measured. The test frequency ranged from 100 Hz to 5000 Hz.
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Two test comparison groups, #3 and #4, were set up, and two samples were set up
in each comparison group, as shown in Table 4. Figure 8 shows the section of the basic
sound-absorbing materials and sound-insulation materials involved. Melamine and carbon
fiber cotton are both soft and porous materials that are often used to fill the core layer of
train body structure and can play the role of thermal insulation and sound absorption.
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Soundproof pads are often used to increase the sound-insulation level for composite
structures. The two types of sound-insulation pads used in this paper have different
thicknesses and hardness.

Table 4. Material composition of each scheme for Groups #3 and #4.

No.
Group #3 Group #4

Sample #3-1 Sample #3-2 Sample #4-1 Sample #4-2

Core layer material
composition

10 mm melamine 2 mm A-type
soundproof pad 10 mm carbon fiber cotton 2 mm B-type soundproof

pad

2 mm A-type
soundproof pad 10 mm melamine 1 mm B-type soundproof

pad 10 mm carbon fiber cotton

10 mm melamine 10 mm melamine 10 mm carbon fiber cotton 10 mm carbon fiber cotton

2 mm A-type
soundproof pad 10 mm melamine 1 mm B-type soundproof

pad 10 mm carbon fiber cotton

10 mm melamine 2 mm A-type
soundproof pad 10 mm carbon fiber cotton 2 mm B-type soundproof

pad
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The cross-sections of the samples are shown in Figure 9. In terms of materials, the two
comparison groups had different skin baseplates, sound-insulation materials and sound-
absorbing materials. Among them, Group #3 was made with a 2 mm aluminum plate as
the skin baseplate and an A-type soundproof pad and melamine as sound-insulation and
sound-absorbing materials in the core layer. In Group #4, a 1 mm steel plate was used as
the skin baseplate, and a B-type soundproof pad and carbon fiber cotton were used as the
sound-insulation and sound-absorbing materials in the core layer. In terms of the laying
sequence of core layer materials, Sample #3-1 and Sample #4-1 were laid alternately with
sound-insulation materials and sound-absorbing materials. However, Sample #3-2 and
Sample #4-2 both concentrated sound-absorbing materials in the middle of the core layer
and sound-insulation materials on both sides of the core layer.

Figure 10 shows the test results of comparison Groups #3 and #4. As can be seen
from Figure 10a, compared with Sample #3-1, the sound insulation of Sample #3-2 is
significantly improved at 160–1000 Hz, and the improvement amount even reaches 12 dB in
the frequency band 400–500 Hz. Overall, the weighted sound reduction index Rw increased
by 4.8 dB. The law shown in Figure 10b is similar to that in Figure 10a, so it is not repeated.

The experimental results of the simple sandwich composite plate proved that the simu-
lation results of the previous section are correct. This indicates that, compared with “sound
insulation materials and sound absorbing materials alternately placed”, the material laying
scheme of “sound absorbing materials concentrated in the middle and sound insulation
materials placed on both sides” is more conducive to the sound-insulation performance’s
improvement in the middle-frequency band and is very beneficial to the overall weighted
sound reduction index’s improvement.
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4. Optimization Design of Floor Sound Insulation for High-Speed Train

With reference to the research conclusion of the simple sandwich composite plate
mentioned above, the floor structure of a high-speed train, shown in Figure 1, was taken as
an example for carrying out the sound-insulation optimization design.

As shown in Table 5, the first column provides the core layer material composition
of the original Structure #0 of the high-speed train’s floor. It can be seen that in the
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original structure, sound-insulation materials and sound absorbing materials are basically
in alternate laying form; then, the second column follows the principle of “sound-absorbing
materials are placed centrally in the middle and sound-isolating materials are placed
on both sides”, and the laying sequence of the core layer materials is adjusted to form
sound-insulation optimization Structure #1. The cross-section of each structure is shown in
Figure 11.
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Figure 12 shows the sound-insulation test results of each structure in Table 5. As can be
seen from the figure, compared with the original floor Structure #0, the type, thickness and
weight of the core layer materials of the floor optimization Structure #1 remain unchanged.
However, the change in the materials’ laying order causes the middle and low-frequency
of 125–315 Hz to increase by 1–3 dB and the overall weighted sound reduction index Rw to
increase by 0.9 dB.

According to the mass law, 9.9 kg of weight is needed to increase the sound insulation
of this floor structure (total weight 90.6 kg) by 0.9 dB. However, by adjusting the laying
sequence of the core materials, a 0.9 dB improvement in sound insulation can be achieved
without adding weight, which is the main contribution of this study.
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Table 5. Material composition of the original and optimized floor structure of a high-speed train.

No. Original Structure #0 Optimized Structure #1

Core layer material
composition

5 mm soundproof pad #1 5 mm soundproof pad #1
10 mm sound-absorbing material #1 10 mm sound-absorbing material #1

3 mm soundproof pad #2 20 mm sound-absorbing material #2
20 mm sound-absorbing material #2 15 mm sound-absorbing material #3

2 mm soundproof pad #3 3 mm soundproof pad #2
15 mm sound-absorbing material #3 2 mm soundproof pad #3

Weight (kg) 24.6 24.6
Thickness (mm) 55.0 55.0

5. Conclusions

In this study, traditional insulation and sound-absorbing materials in a sandwich
composite structure were taken as the object to study the influence of different material
laying orders on the overall sound-insulation characteristics, and a high-speed train’s body
structure was taken as an example to implement the sound-insulation design. The results
are summarized as follows:

1. For a simple sandwich composite structure, the core layer material laying strategy of
“laying sound-absorbing materials in the middle and sound-insulation materials on
both sides” has a better effect on sound insulation for low and medium frequencies,
and the increase is even more than 10 dB around 400 Hz, compared with “alternating
laying of sound-absorbing materials and sound-insulation materials”. Furthermore,
for the overall weighted sound reduction index Rw, it can be increased by more than
4 dB.

2. The core layer material laying strategy of “laying sound-absorbing materials in
the middle and sound-insulation materials on both sides” is applied to the sound-
insulation design of the high-speed train carbody. Under the premise of not changing
the type, thickness and weight of materials, the low and medium frequency sound
insulations of 125–315 Hz are improved by 1–3 dB, and the overall weighted sound
reduction index Rw is improved by 0.9 dB.

3. By changing the laying sequence of the core layer materials, the sound-insulation
performance of the composite structure can be improved without any change to the
space, thickness, weight and material type of the structure. It is easy to implement, is
low cost and has high engineering practical value.
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