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Description

[0001] The present application claims priority to Chinese Patent Application No. 201811359437.9, titled "LOW-FRE-
QUENCY COUPLING SOUND-ABSORBING STRUCTURE", filed with the China National Intellectual Property Admin-
istration on November 15, 2018 which is incorporated herein by reference in its entirety.

FIELD

[0002] The embodiments of the present application relate to the technical field of noise reduction, and in particular to
a low-frequency coupling sound-absorbing structure.

BACKGROUND

[0003] At present, sound-absorbing materials can be roughly divided into porous sound-absorbing materials and
resonance sound-absorbing materials according to the principle of sound absorption, wherein the thin-plate resonance
sound-absorbing structure, the thin-film resonance sound-absorbing structure, the micro-perforated-plate resonance
sound-absorbing structure, and the micro-perforated-plate and micro-slitted-plate sound-absorbing structure all belong
to resonance sound absorption-structure. Compared with the porous sound-absorption materials, the micro-perforated-
plate resonance, the micro-perforated-plate sound-absorbing structure, and the double-layer micro-perforated-plate
sound-absorbing structure have many advantages in terms of sound-absorption characteristics, flow resistance, moisture
resistance, corrosion resistance, sanitation, and so on. However, these structures still cannot meet some practical needs
of noise control especially in the occasions where the sound-absorbing space is strictly limited, and can hardly control
low-frequency noise.

[0004] Since sound waves with large wavelengths in the low-frequency range cannot be effectively controlled, and
low-frequency sound waves are not easily attenuated in the air, have a long propagation distance, and have a large
influence range, the thickness of the sound-absorption material or the depth of the chamber of the sound-absorbing
structure must be greatly increased to effectively reduce the low-frequency noise according to the prior art, which
increases the volume of the sound-absorbing structure and is not conducive to the miniaturization of the product. In
addition, the increase in the depth of the chamber of the sound-absorbing structure may further narrow the sound-
absorption frequency band to a certain extent, reducing the product performance.

[0005] In view of this, how to provide a low-frequency coupling sound-absorbing structure that solves the above
technical problems has become a problem that those skilled in the art need to solve.

SUMMARY

[0006] An object of the embodiments of the present application is to provide a low-frequency coupling sound-absorbing
structure, which improves the sound-absorption coefficient, widens the sound-absorption frequency band during usage,
and shifts the sound-absorption frequency band to the low frequency, thereby realizing low-frequency sound absorption
and improving the product performance.

[0007] To solve the above technical problems, a low-frequency coupling sound-absorbing structure is provided ac-
cording to the embodiments of the present application, which includes:

aperipheral chamber, aresonance chamber arranged inside the peripheral chamber, and an extension tube structure
arranged inside the resonance chamber, wherein one end of the extension tube structure is connected to a chamber
wall of the resonance chamber through a corresponding through hole; and

the peripheral chamber includes a micro-perforated plate, a back plate, a first side plate, and a second side plate,
wherein the micro-perforated plate is provided with multiple micro-hole structures, the micro-perforated plate is
opposite to the back plate, and the first side plate is opposite to the second side plate.

[0008] Optionally, multiple resonance chambers are provided, and each of the resonance chambers is arranged on
the back plate.

[0009] Optionally, the extension tube structures on the resonance chambers direct toward the same direction.
[0010] Optionally, the extension tube structure on each of the resonance chamber includes multiple extension tubes.
[0011] Optionally, lengths of the extension tube structures on the resonance chambers are different.

[0012] Optionally, the low-frequency coupling sound-absorbing structure further includes an isolation layer arranged
between two adjacent resonance chambers.

[0013] Optionally, the isolation layer is made of melamine foam.
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[0014] Optionally, the isolation layer is made of metal.

[0015] Optionally, the resonance chamber is spherical.

[0016] Optionally, the parameters of the low-frequency coupling sound-absorbing structure are set according to a
preset method. The preset method includes:

establishing an objective function according to parameters of the low-frequency coupling sound-absorbing structure;

optimizing the objective function by a simulated annealing optimization algorithm to obtain an optimal solution of
the objective function; and

taking each element in the optimal solution as the corresponding parameter.

[0017] The low-frequency coupling sound-absorbing structure provided by the embodiments of the present application
includes the peripheral chamber, the resonance chamber arranged inside the peripheral chamber, and the extension
tube structure arranged inside the resonance chamber, wherein one end of the extension tube structure is connected
to the chamber wall of the resonance chamber through the corresponding through hole; and the peripheral chamber
includes the micro-perforated plate, the back plate, the first side plate, and the second side plate, wherein the micro-
perforated plate is provided with multiple micro-hole structures, the micro-perforated plate is opposite to the back plate,
and the first side plate is opposite to the second side plate.

[0018] It can be seen that the low-frequency coupling sound-absorbing structure in this application can increase the
acoustic impedance of the sound-absorbing structure by providing the resonance chamber with the extension tube
structure in the peripheral chamber with the micro-hole structure, which increases the acoustic impedance of the sound-
absorbing structure, improves the sound-absorption coefficient, widens the sound-absorption frequency band, and shifts
the sound-absorption frequency band to the low frequency, thereby realizing low-frequency sound absorption and im-
proving the product performance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Toillustrate the technical solutions in the embodiments of the present application more clearly, drawings required
in description of the conventional technology and embodiments will be introduced simply in the following. It is obvious
that the drawings in the following description are only some embodiments of the present application, and other drawings
may be obtained by those skilled in the art based on the drawings without creative efforts.

Figure 1 is a schematic structural view of a low-frequency coupling sound-absorbing structure according to a first
embodiment of the present application;

Figure 2 is a schematic structural view of the low-frequency coupling sound-absorbing structure according to a
second embodiment of the present application;

Figure 3 is a schematic structural view of the low-frequency coupling sound-absorbing structure according to a third
embodiment of the present application;

Figure 4 is a schematic structural view of the low-frequency coupling sound-absorbing structure according to a fourth
embodiment of the present application;

Figure 5 is a schemaitic structural view of the low-frequency coupling sound-absorbing structure according to a fifth
embodiment of the present application;

Figure 6 is a schematic flowchart of a simulated annealing optimization algorithm according to an embodiment of
the present application;

Figure 7 is a curve diagram of frequency - sound-absorption coefficient corresponding to a conventional micro-
perforated plate sound-absorbing structure and the low-frequency coupling sound-absorbing structure provided by
an embodiment of the present application;

Figure 8 is a curve diagram of frequency - sound-absorption coefficient corresponding to the conventional micro-
perforated plate sound-absorbing structure and the low-frequency coupling sound-absorbing structure provided by
another embodiment of the present application; and
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Figure 9is a curve diagram of frequency - sound-absorption coefficient corresponding to the low-frequency coupling
sound-absorbing structure provided by yet another embodiment of the present application.

DETAILED DESCRIPTION OF EMBODIMENTS

[0020] A low-frequency coupling sound-absorbing structure is provided according to the embodiments of the present
application, which improves the sound-absorption coefficient, widens the sound-absorption frequency band during usage,
and shifts the sound-absorption frequency band to the low frequency, thereby realizing low-frequency sound absorption
and improving the product performance.

[0021] In order to make the objectives, technical solutions and advantages of embodiments of the present application
clearer, the technical solutions according to the embodiments of the present application will be described clearly and
completely as follows in conjunction with the drawings. It is apparent that the described embodiments are only a few
rather than all of the embodiments according to the present application. Based on the embodiments of the present
application, all other embodiments, made by those skilled in the art without any creative efforts, fall into the scope of the
present application.

[0022] Referring to Figure 1, Figure 1 is a schematic structural view of a low-frequency coupling sound-absorbing
structure according to a first embodiment of the present application.

[0023] The low-frequency coupling sound-absorbing structure includes:

a peripheral chamber 1, a resonance chamber 2 arranged inside the peripheral chamber 1, and an extension tube
structure 3 arranged inside the resonance chamber 2, wherein one end of the extension tube structure 3 is connected
to a chamber wall of the resonance chamber 2 through a corresponding through hole; and

the peripheral chamber 1 includes a micro-perforated plate 11, a back plate 12, a first side plate 13, and a second
side plate 14, wherein the micro-perforated plate 11 is provided with multiple micro-hole structures 111, the micro-
perforated plate 11 is opposite to the back plate 12, and the first side plate 13 is opposite to the second side plate 14.

[0024] It should be noted that, according to the embodiments of the present application, the acoustic impedance of
an empty chamber is optimized by arranging the resonance chamber 2 in the empty chamber surrounded by the peripheral
chamber 1 and arranging the extension tube structure 3 on the resonance chamber 2, such that the low-frequency
coupling sound-absorbing structure in the present application can realize the absorption of low-frequency sound waves.
In the present application, the space behind the micro-perforated plate 11 is fully used, and low-frequency sound waves
can be absorbed without increasing the length of the peripheral chamber or the thickness of the material. Specifically,
by adjusting parameters such as the tube length, tube diameter, and perforation ratio of the extension tube in the extension
tube structure, the acoustic impedance of the sound-absorbing structure in the present application can be increased,
the sound-absorption coefficient can be improved, the sound-absorption frequency band can be widened and shifted to
the low frequency, thereby realizing low-frequency sound absorption.

[0025] The combination of the resonance chamber 2 and the extension tube structure 3 is referred to as an extension-
tube resonance structure. The extension tube structure 3 is provided with an extension tube, and one end of the extension
tube passes through the through hole of the resonance chamber 2 and is connected to the chamber wall of the resonance
chamber 2. The micro-perforated plate 11, the back plate 12, the first side plate 13 and the second side plate 14 in the
embodiments of the present application may all be made of stainless steel, aluminum plate, plastic plate and other
materials, which is not particularly limited in the present application. Further, multiple resonance chambers 2 are provided,
and each of the resonance chambers 2 is arranged on the back plate 12.

[0026] It is conceivable that, multiple resonance chambers 2 with the extension tube structure 3 are provided in the
peripheral chamber 1. As shown in Figures 1 to 3, four resonance chambers 2 are provided, that is, multiple extension-
tube resonance structures are provided in the peripheral chamber 1, so that the empty chamber is divided into multiple
extension-tube resonance systems to further improve the absorption efficiency for the low frequency sounds. In the
embodiments of the present application, the micro-perforated plate 11 and the multiple extension-tube resonance struc-
tures together form coupling resonance. From the equivalent circuit of "electricity-force-sound", it can be determined
that the arrangement of the micro-perforated plate 11 and the extension-tube resonance structure belongs to series-
connection noise reduction, achieving noise reduction with a double-layer structure. The multiple extension tube struc-
tures form a parallel resonance circuit. The low-frequency coupling sound-absorbing structure in the embodiments of
the present application adopts a composite sound-absorbing structure of parallel-connection and series-connection,
thereby realizing the control of wide frequency noise. In addition, specific parameters of the resonance chamber 2 and
the extension tube structure 3 in the embodiments of the present application can be set according to the frequency of
the noise source, so as to achieve accurate noise reduction.

[0027] Specifically, based on the micro-perforated plate 11 and the extension-tube resonance structure, a sound-
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absorbing matching layer of the micro-perforated plate 11 allows medium and low frequency sound waves to enter the
extension-tube resonance structure without reflection. Due to the sound scattering by the surface of the resonance
chamber 2, sound waves can reach the resonance chamber 2 of each extension tube structure 3, and can push the air
column in the extension tube to perform reciprocating vibration, and in the process of reciprocating vibration, low-
frequency resonance sound absorption is achieved via viscous damping dissipation. Moreover, the micro-perforated
plate 11 and the multiple extension-tube resonance structures further widen the dissipation of medium and high frequency
sound waves in the combined structure.

[0028] That is, when the sound wave is radiated into the low-frequency coupling sound-absorbing structure in the
present embodiment, the sound wave first reaches the surface of the micro-perforated plate 11, and pushes the air
columns in the holes on the peripheral chamber 1 to perform reciprocating vibration. Due to the viscous damping effect
of the micro-hole structures 111, part of the sound energy is converted into heat energy and consumed when passing
through the micro-hole structures 111. Then, the sound wave continues to propagate along the empty chamber to form
sound scattering on the surface of the extension-tube resonance structure, the air column in the extension-tube resonance
structure also performs reciprocating vibration under the excitation of the sound wave, and the composite structure can
efficiently absorb low-frequency sound waves by optimizing the acoustic impedance of the extension-tube resonance
structure.

[0029] Furthermore, the extension tube structures 3 on the resonance chambers 2 direct toward the same direction.
[0030] Specifically, as shown in Figures 1 to 3, the extension tube structures 3 on the resonance chambers 2 of the
embodiments direct toward the same direction. Apparently, the specific orientation of the extension tube structure 3 on
each resonance chamber 2 can be designed according to the incident direction of sound wave in practical applications,
which is not specifically limited in the present application.

[0031] For example, as shown in Figure 1 and Figure 2, the extension tube structures 3 of the resonance chambers
2 right face the through holes of the micro-perforated plate 11. As shown in Figure 3, the extension tube structures 3 of
the resonance chambers 2 are parallel to the micro-perforated plate 11.

[0032] Furthermore, the extension tube structure 3 on each resonance chamber 2 includes multiple extension tubes.
[0033] As shown in Figure 1, the extension tube structure 3 on each resonance chamber 2 includes two extension
tubes. Each extension tube structure 3 in Figure 2 has different numbers of extension tubes. The extension tube structure
3 in the third resonance chamber 2 includes three extension tubes. The length of the extension tube in each extension
tube structure 3 may be identical or not, which can be set according to practical needs.

[0034] Specifically, the diameter of the resonance chamber 2 in the embodiments of the present application may be
60mm, the hole diameter of the extension tube may be 2mm to 8mm, and the perforation ratio of the extension tube
may be 1% to 5%. Apparently, specific parameters of the extension tube can be set according to the practical situation,
which is not particularly limited in the present application.

[0035] Apparently, lengths of the extension tube structures 3 on the resonance chambers 2 are different. For example,
for a sound-absorbing structure including four resonance chambers 2, lengths of the extension tube structures of the
first resonance chamber, the second resonance chamber, and the third resonance chamber may be different from each
other. Apparently, lengths of the extension tubes in the extension tube structure of a single resonance chamber may be
the same or not. As shown in Figure 2, the length of the extension tube structure 3 in the first resonance chamber and
the length of the extension tube structure 3 in the third resonance chamber may be 3cm, and the lengths of the extension
tube structures 3 in the other two resonance chambers may be 2cm. In practical applications, the length of the extension
tube structure should be determined according to the practical situation, and the specific value thereof is not particularly
limited in the present application.

[0036] Further, the low-frequency coupling sound-absorbing structure in the embodiments of the present application
may further include an isolation layer provided between two adjacent resonance chambers.

[0037] Specifically, in order to further improve the absorption of high-frequency sound waves, the isolation layer in the
embodiments of the present application may be made of melamine foam.

[0038] As shown in Figure 4, a melamine foam layer 41 with a thickness of 10mm is provided between two adjacent
resonance chambers 2 to separate the two adjacent resonance chambers 2.

[0039] In addition, in order to further improve the absorption efficiency of low-frequency sound waves and effectively
absorb irregularly incident sound waves, the isolation layer in the embodiments of the present application may be made
of metal to separate the resonance chambers 2 from each other, forming multiple independent working units.

[0040] As shown in Figure 5, a metal partition plate 42 with a thickness of 2mm is provided between two adjacent
resonance chambers 2 to separate the two adjacent resonance chambers 2 to form a pair of independent working units.
The resonance chamber 2 in each working unit works independently and does not interfere with each other.

[0041] Apparently, the thickness oftheisolation layer in the embodiments of the present application can be setaccording
to the practical situation, which is not particularly limited in the present application.

[0042] Further, the resonance chamber 2 is spherical.

[0043] Specifically, the diameter of the resonance chamber 2 may be 60mm, and the thickness of the chamber wall
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of the resonance chamber 2 may be 1mm. Apparently, the specific parameters should be set according to the practical
situation, which are not particularly limited in the present application.

[0044] Further, the micro-hole structures 11 are uniformly distributed.

[0045] Specifically, the depth of the peripheral chamber 1 (that is, the distance between the micro-perforated plate 11
and the back plate 2) in the embodiments of the present application may be 70mm, the micro-perforated plate 11 may
be a square with a side length of 100mm and the thickness of the micro-perforated plate 11 may be 0.5mm to 1mm, the
diameter of the micro-hole structure 111 may be 0.4mm to 0.9mm, the perforation ratio of the micro-hole structure 111
is 1% to 4%, and the micro-hole structures 111 on the micro-perforated plate 11 may be distributed uniformly, for example,
distributed in a regular square, which is conducive to improving the absorption efficiency of sound waves.

[0046] Furthermore, the parameters of the low-frequency coupling sound-absorbing structure are set according to a
preset method. The preset method includes:

establishing an objective function according to parameters of the low-frequency coupling sound-absorbing structure;

optimizing the objective function by a simulated annealing optimization algorithm to obtain an optimal solution of
the objective function; and

taking each element in the optimal solution as the corresponding parameter.

[0047] It should be noted that the process of optimizing the objective function by the simulated annealing optimization
algorithm is shown in Figure 6, wherein f(X) is the objective function and X is the variable. After the algorithm starts, the
initial temperature is set to T=0, the initial solution is set to X. During each iteration, a set of possible solutions X’ is
randomly generated in the current domain X. If the condition Af = f(X) - f(X) < 0 is met, the new solution X’ is accepted
as the current solution. Otherwise, if the condition Af = f(X’) - f(X) > 0 is met, the new solution X’ may be accepted as
the new current solution with a certain probability Pb(X’) = exp(-Af/ CT) > ¢. C and T respectively are the Boltzmann
constant and the temperature value of the current iteration, and the ¢ = rand(0,1) is a random number between 0 and
1. That is, if the condition Af = (X’) - fiX) > 0 is true, it is judged whether this condition rand(0,1) < esp(-Af/ CT) is true,
and when it is true, the X’ is accepted as the new current solution. In the simulated annealing process, temperature T
is an important parameter for controlling iterations to find the optimal solution. If T= 0 and Af= f(X’) - f(X) > 0, then Pb(X’)
= exp(-Af/ CT) = 0, and the probability is always less than ¢, so the new solution will never be accepted. If Af< 0, the
new solution X’ is always accepted, while Af> 0 can prevent the objective function from being limited to the local optimal
value. The termination condition of the inner loop of the algorithm is to go through L routines of iteration, and after each
inner loop ends, it will be accompanied by a cooling process T;,4=¢T; where ¢ € (0,1) is a cooling constant, and the
termination condition of the algorithm is that the termination temperature T,,,;, has been reached and another new solution
has not been found through the outer loop after «,,,, routines of iteration search, thereby finding the optimal solution X
of the objective function.

[0048] Thelow-frequency coupling sound-absorbing structure in the embodiment of the present application is described
in detail by way of an example and with reference to Figure 2.

[0049] Parameters of the low-frequency coupling sound-absorbing structure in Figure 2 are optimized by the simulated
annealing optimization algorithm shown in Figure 6. First, an objective function corresponding to the parameters of the
low-frequency coupling sound-absorbing structure is established, wherein, in the case of normal incidence of the sound
wave, the Helmholtz equation of the sound wave propagating inside the low-frequency coupling sound-absorbing struc-
ture is established:

Ap +o° —pﬁp =0 , Wherein p represents the sound pressure on the surface of the structure,  represents the
eq
angular frequency, Pegrepresents the equivalent density of the structure, and Keq represents the equivalent bulk modulus
of the structure.

[0050] Accordingto the sound wave equation, the acoustic impedance Z
is obtained, Zp,,, = pc(r, + jomp).

mpp Of @ single layer of the micro-hole structure

32nt 21
r, =k kr:(l+k—)2+£ki' 4
32 8 t

t k2
m ——1k - Z )2
pped” " » ms k, =1+(9+ 2) +0.85
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wherein, the micro-perforated plate constantis t = /2 27Z'f0,0 / n , rrepresents the relative specific acoustic

resistance, m represents the relative acoustic mass, pc represents the specific acoustic resistance of air, @ represents
the angular frequency, t represents the thickness of the micro-perforated plate, d represents the diameter of the perfo-
ration, p represents the perforation ratio, and f; represents the frequency of the sound wave.

[0051] The sound wave equation inside the extension-tube resonance structure can also be solved, and the surface
acoustic resistances of the four extension tube resonators in Figure 2, that is Zpy, Zpy, Zp3, and Zp,, can further be
obtained. According to the theory of the equivalent circuit of the parallel structure, the surface specific acoustic resistance
of the parallel composite structure of the four extension-tube resonance structures and the surrounding air layer is:

-1
b, b
Z Z

Z = ¢1+¢2+¢3
P zZ zZ zZ

+

rl p2 p3 P4 al

wherein ¢4, ¢, 3, ¢4, ¢5 represent the ratio of the area occupied by each unit, and Z,, represents the acoustic impedance
of the air layer surrounding the extension-tube resonance structure. According to the impedance transfer theory, the

impedance transfer value ZP' from the surface of the extension-tube resonance structure to the surface of the micro-
perforated plate can be obtained:
, Z,+JZ, tan(kat

ZP =7 ) , Where Z,=pc represents the characteristic acoustic impedance of the air, k, rep-

" Z,+jz, tan (k,t

resents the propagation constant of the sound wave in the air, and t represents the thickness of the air layer between
the resonator and the micro-perforated plate.
[0052] Then the total surface specific acoustic resistance of the low-frequency coupling sound-absorbing structure in

Figure 2is zZ=Z,, +ZP/ , and the reflection coefficient of the material according to the surface specific acoustic resistance

Z—pc

Z+pc’

[0053] Therefore, the sound-absorption coefficient of the low-frequency coupling sound-absorbing structure in Figure
2 is obtained, @ = 1 - |R|2, which is the objective function corresponding to the parameters of the low-frequency coupling
sound-absorbing structure.

[0054] The sound-absorption coefficient is determined by the parameters of the micro-perforated plate layer, the air
layer, and the resonance structure. Combined with the simulated annealing optimization algorithm, the approximate
global optimization parameters of the low-frequency coupling sound-absorbing structure can be found, thereby realizing
the optimal design of the composite structure. In the low-frequency coupling sound-absorbing structure shown in Figure
2, a sound-absorbing layer of the micro-perforated plate 11 has (d, t, D, p) four parameters (D represents the depth of
the peripheral chamber 1, that is, the thickness of the low-frequency coupling sound-absorbing structure), and each
extension-tube resonance structure has four variables, and the four extension-tube resonance structures have a total
of sixteen variables, so the objective functionincludes twenty variables. After obtaining the optimal solution of the objective
function by the simulated annealing optimization algorithm, the parameters of the variables are determined according
to the optimal solution, that is, the specific values corresponding to the parameters are determined, and the low-frequency
coupling sound-absorbing structure is configured according to the specific values of the parameters. The objective
function in the practical optimization problem is to obtain a set of parameter solutions which maximize the average sound-
absorption coefficient of the objective function in the frequency range of 80HZ to 2000Hz:

of the material is R =

N
2 alfi X)
Max:(a)zi:lT,i =1,2.3,.N

[0055] «inthe aboveformularepresentsthe sound-absorption coefficient, («) represents the average sound-absorption
coefficient, N represents the number of different sound wave frequencies in the frequency interval to be optimized, i is
the subscript of the sound wave frequency, and f, represents the jth sound wave frequency.

[0056] It should be noted that, other low-frequency coupling sound-absorbing structures in the embodiments of the
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present application (as shown in Figures 3 to 5) can also use the above method to calculate the sound-absorption
coefficient relationship equation (that is, the objective function) corresponding to each low-frequency coupling sound-
absorbing structure, and the optimize the objective function by the simulated annealing optimization algorithm to find
out the optimal parameters corresponding to the corresponding low-frequency coupling sound-absorbing structure, and
then the low-frequency coupling sound-absorbing structure with the best sound-absorption effect can be obtained.
[0057] It should be further noted that, the above structural parameter optimization algorithm in the embodiments of
the present application allows the low-frequency coupling sound-absorbing structure to have a low-frequency broad-
band noise reduction effect in the low-frequency band of 80HZ to 2000Hz and realize the efficient reduction of low-
frequency broad-band noise of rail transportation equipment and high-speed delivery platforms.

[0058] In addition, with reference to Figures 7 to 9, the curve 61 in Figure 7 represents a frequency - sound-absorption
coefficient curve corresponding to a conventional micro-perforated plate sound-absorbing structure, and the curve 62
represents a frequency - sound-absorption coefficient curve corresponding to the low-frequency coupling sound-absorb-
ing structure in an embodiment of the present application, that is, a frequency - sound-absorption coefficient curve
corresponding to the sound-absorbing structure with the extension-tube resonance structure provided in the peripheral
chamber. As can be seen from Figure 7, under the same limitation of the chamber depth (that is, the depth of the
peripheral chamber 1) of 70mm, the sound-absorption coefficient of the conventional micro-perforated plate structure
is not greater than 0.15 in the frequency range of 100HZ to 250Hz, and the sound-absorption effect is poor, while the
sound-absorption coefficient of the formant of the sound-absorbing structure with the extension-tube resonance structure
provided in the peripheral chamber according to the embodiment of the present application reaches 0.91 at 170Hz, and
the sound-absorption coefficient keeps beyond 0.5 in the frequency range of 150HZ to 200Hz. Apparently, the sound-
absorption effect of the sound-absorbing structure provided in the present application is obviously superior to that of the
conventional sound-absorbing structure.

[0059] In addition, the curve 71 in Figure 8 represents a frequency-sound-absorption coefficient curve corresponding
to a conventional micro-perforated plate sound-absorbing structure with a chamber depth of 150mm, and the curve 72
represents afrequency-sound-absorption coefficient curve corresponding to the low-frequency coupling sound-absorbing
structure with a chamber depth of 150mm according to an embodiment of the present application. As shown in the figure,
the sound-absorption effect of the sound-absorbing structure in the embodiment of the present application is obviously
superior to that of the conventional sound-absorbing structure, and as can been seen from Figures 7 and 8, the size of
the entire sound-absorbing structure in the embodiment of the present application is only 1/28 of the wavelength of the
control sound wave.

[0060] When the depth of the chamber of the low-frequency coupling sound-absorbing structure is fixed, the sound-
absorption effect varies according to the number of the extension-tube resonance structures inside the low-frequency-
coupling sound-absorbing structure. Referring to Figure 9, the curve 81 represents a frequency-sound-absorption co-
efficient curve corresponding to a sound-absorbing structure with four extension-tube resonance structures provided in
the peripheral wall, and the curve 82 represents a frequency-sound-absorption coefficient curve corresponding to a
sound-absorbing structure with three extension-tube resonance structures provided in the peripheral wall. Specifically,
the chamber depths of the two sound-absorbing structures are both 150mm. As can be seen from Figure 8, the sound-
absorption frequency band of the sound-absorbing structure with four extension-tube resonance structures is wider than
that of the sound-absorbing structure with three extension-tube resonance structures, and the sound-absorption coef-
ficients at the formants of the sound-absorbing structure with four extension-tube resonance structures all exceed 0.8,
which shows that the more the extension-tube resonance structures provided in the peripheral chamber 1, the better
the low-frequency and broad-band sound-absorption performance of the entire sound-absorbing structure.

[0061] The low-frequency coupling sound-absorbing structure provided by the embodiments of the present application
includes the peripheral chamber, the resonance chamber arranged inside the peripheral chamber, and the extension
tube structure arranged inside the resonance chamber, wherein one end of the extension tube structure is connected
to the chamber wall of the resonance chamber through the corresponding through hole; and the peripheral chamber
includes the micro-perforated plate, the back plate, the first side plate, and the second side plate, wherein the micro-
perforated plate is provided with multiple micro-hole structures, the micro-perforated plate is opposite to the back plate,
and the first side plate is opposite to the second side plate.

[0062] It can be seen that the low-frequency coupling sound-absorbing structure in the embodiments of the present
application can increase the acoustic impedance of the sound-absorbing structure by providing the resonance chamber
with the extension tube structure in the peripheral chamber with the micro-hole structure, which increases the acoustic
impedance of the sound-absorbing structure, improves the sound-absorption coefficient, widens the sound-absorption
frequency band, and shifts the sound-absorption frequency band to the low frequency, thereby realizing low-frequency
sound absorption and improving the product performance.

[0063] It should be noted that the relationship terminologies such as "first", "second" and the like are only used herein
to distinguish one entity or operation from another, rather than to necessitate or imply that a practical relationship or
order exists between the entities or operations. Moreover, terms such as "include", "have" or any other variants thereof
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are meant to cover non-exclusive inclusion, so that the process, method, item or apparatus including a series of elements
is not limited to those elements, and may include other elements that are not specifically listed or that are inherent in
the process, method, item or apparatus. With no other limitations, an element restricted by the phrase "include a ..."
does not exclude the existence of other identical elements in the process, method, item or apparatus including the element.
[0064] Based on the above description of the disclosed embodiments, those skilled in the art can implement or deploy
the present application. Various modifications to these embodiments are obvious to a person skilled in the art. The
general principles defined herein may be implemented in other embodiments without departing from the spirit and scope
of the present application. Therefore, the present application is not limited to these embodiments illustrated herein, but
should be defined by the broadest scope consistent with the principles and novel features disclosed herein.

Claims
1. Alow-frequency coupling sound-absorbing structure, comprising:

a peripheral chamber,

a resonance chamber arranged inside the peripheral chamber, and

an extension tube structure arranged inside the resonance chamber, wherein

one end of the extension tube structure is connected to a chamber wall of the resonance chamber through a
corresponding through hole; and

the peripheral chamber comprises a micro-perforated plate, a back plate, a first side plate, and a second side
plate, wherein the micro-perforated plate is provided with a plurality of micro-hole structures, the micro-perforated
plate is opposite to the back plate, and the first side plate is opposite to the second side plate.

2. Thelow-frequency coupling sound-absorbing structure according to claim 1, wherein a plurality of resonance cham-
bers is provided, and each of the resonance chambers is arranged on the back plate.

3. The low-frequency coupling sound-absorbing structure according to claim 2, wherein the extension tube structures
on the plurality of resonance chambers direct toward a same direction.

4. The low-frequency coupling sound-absorbing structure according to claim 3, wherein each extension tube structure
on the corresponding resonance chamber comprises a plurality of extension tubes.

5. The low-frequency coupling sound-absorbing structure according to claim 3, wherein lengths of the extension tube
structures on the plurality of resonance chambers are different.

6. The low-frequency coupling sound-absorbing structure according to any one of claims 2 to 5, further comprising an
isolation layer arranged between two adjacent resonance chambers.

7. The low-frequency coupling sound-absorbing structure according to claim 6, wherein the isolation layer is made of
melamine foam.

8. The low-frequency coupling sound-absorbing structure according to claim 6, wherein the isolation layer is made of
metal.

9. Thelow-frequency coupling sound-absorbing structure according to any one of claims 1 to 5, wherein the resonance
chamber is spherical.

10. The low-frequency coupling sound-absorbing structure according to claim 9, wherein parameters of the low-fre-
quency coupling sound-absorbing structure are set according to a preset method which comprises:

establishing an objective function according to parameters of the low-frequency coupling sound-absorbing
structure;

optimizing the objective function by a simulated annealing optimization algorithm to obtain an optimal solution
of the objective function; and

taking each element in the optimal solution as the corresponding parameter.

10
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