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Abstract. The acoustic black hole has the ability to gather and manipulate the flexural wave in
the structure, and can be used to achieve vibration suppression of the structure. A group of FEM
models for the vibration analysis of the rectangular plate embedded with acoustic black holes were
established in this paper. Four monitoring points on the ABH plate were selected to calculate their
vibration velocity response in 100 Hz-3 kHz frequency interval. In order to study the effects of
acoustic black hole geometric parameters and damping layer geometric parameters on the
vibration response of the ABH plate, 15 combinations of different parameters of the maximum
ABH diameter, the truncated thickness of the ABH, the power index of the ABH, and the damping
layer thickness, the maximum diameter of the damping layer were selected to calculate the
vibration velocity response of the four monitoring points. The calculation result can help us
understand the effects of acoustic black hole geometric parameters and damping layer geometric
parameters on the vibration suppression of rectangular plate.
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1. Introduction

In recent years, due to the convergence and manipulation of flexural waves in the structure,
the acoustic black hole (ABH) has become a new type of vibration and noise reduction technology.
The characteristics of the acoustic black hole are that the local thickness of the solid structure
gradually decreases in the form of a power index and finally approaches zero, then this region can
gather the flexural waves spreading in the structure here, thereby reducing the vibration of other
regions of the structure [1]. Different researchers have carried out many researches on the spread
of flexural waves, vibration characteristics, and acoustic characteristics of acoustic black hole
structures [2]-[4]. The acoustic black hole is becoming an important research direction in the field
of sound and vibration, and it is expected to play an important role in the vibration and noise
reduction of various mechanical structures in engineering.

The research on vibration reduction applications of the acoustic black hole in different
engineering fields mainly includes: Bowyer et al. [5] studied the vibration suppression effect of
one-dimensional ABH on engine turbine blades under excitation of mechanical force and airflow
through experiments. He et al. designed a new type of box-type acoustic black hole structure for
the beam structure of the aircraft wing and studied the vibration reduction effect within the
broadband range through the FEM simulation and experiments [6].

In our previous research, the vibration suppression effect of the acoustic black hole on the
refrigerator rectangular support plate has been analyzed [7]. On this basis, the effects of different
acoustic black hole parameters and damping layer parameters on the vibration reduction effect of
the rectangular support plate of the refrigerator were further analyzed in this paper. The research
results can be used to analyze the effects of different acoustic black holes and damping layer
geometric parameters, and provide data support for subsequent optimal design.
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2. FEM simulation of the rectangular plate embedded with ABHs

The rectangular plate embedded with 8 two-dimensional acoustic black holes is shown in
Fig. 1, and the size of the rectangular plate is 901%300 mm. The upper and lower rows of ABHs
are symmetrical about the middle line of the rectangular plate, and the distance between the centres
of the two row ABHs is 182.2 mm. For the single ABH in Fig. 1 (a), Fig. (b) shows its profile
view. The thickness of the uniform region of the rectangular plate is h,, = 1.8 mm, the relationship
between the thickness and radius of the ABH region is:

h(x) = ex™ — b, €))

where ¢ is a constant, and m is the power exponent of the thickness change of the ABH region
(m = 2), b is the distance between the center of the ABH region and the coordinate origin in
y-axis direction. However, due to the manufacturing technology, there will always be a truncation
existing in the actual ABH structure. The thickness of the truncated region can be expressed as:

h
he =~ =b. )
When the flexural wave propagates from the uniform region of the ABH plate to the ABH
region, as the thickness of the plate decreases sharply with a power exponent, the velocity of the
flexural wave will also gradually decrease, so as to achieve the concentration effect of the flexural
wave. Utilizing the aggregation effect of the ABHs on the flexural wave, the vibration suppression
of the rectangular plate can be achieved [8].
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Fig. 1. Schematic diagram of the rectangular plate embedded with ABHs:
a) geometry parameters of the ABH plate, b) profile view of the ABH plate

The second-order tetrahedral unit C3D10 is used to mesh the damping ABH support plate. The
grid size of the ABH regions and damping layers is 1 mm, and the mesh in the small curved area
of the ABH regions and damping layers is encrypted to ensure a smooth transition from small cells
to large cells and the minimum cell size is 0.2 mm during encryption. The curve equation of the

ISSN PRINT 2345-0533, ISSN ONLINE 2538-8479 23



EFFECT OF ACOUSTIC BLACK HOLE PARAMETERS ON VIBRATION SUPPRESSION OF RECTANGULAR PLATE.
XIAOFEI DU, QING GU

acoustic black hole region of the model in Fig. 2 is: y = 7.12020964467906e-10xx° — 0.48. It can
be calculated from the Eq. (1) and (2), the truncation thickness of the ABH is h, = 0.42 mm, and
the maximum diameter of the ABH region is 70.62 mm. The contour curve of the damping layers
is the same as the curve of the acoustic black hole region. Therefore, the damping layer can be
fully attached on the acoustic black holes. The thickness of the damping layer is 0.89 mm, and the
maximum diameter of the damping layer is 33.14 mm. The material parameters of the rectangular
plate and the damping layer are shown in Table 1.
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Fig. 2. The FEM model of the damping ABH plate

Table 1. Material parameters of the rectangular plate and the damping layer

Material Young’s modulus (Pa) Density (kg/m®) | Poisson’s ratio | Loss factor
Viscoelastic material 9x10° 1812 0.45 0.4
Steel 2.1x10" 7800 0.3 0.005

The boundary condition of the rectangular plate is that: the left and right faces are clamped,
and the rest faces and edges are free. The force of 6 N is applied at the exciting points 1-4,
respectively, and the frequency of the excitation force is 1 Hz-3 kHz (for 1 Hz interval). The
vibration velocity responses of the four monitoring points on the damping ABH plate were
obtained through calculations in the commercial FEM software LMS Virtual. Lab, which is shown
in Fig. 3. It can be seen from Fig. 3 that the frequencies of peak values of the monitoring points
1-4 in the 100 Hz-2 kHz domain are basically the same, and the frequencies of peak values of the
monitoring points 1-4 in the 2 kHz-3 kHz domain have some differences. The maximum value of
Fig. 3 is the vibration velocity of the monitoring point 3 at 2600 Hz, and the amplitude is
0.137 m/s.
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Fig. 3. The vibration velocity responses of the four monitoring points on the damping ABH plate
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3. Effects of the ABH and damping layer geometric parameters

Fig. 4 shows a schematic diagram of the maximum diameter of the ABH D5y, the truncation
thickness of the ABH h;, the maximum diameter of the damping layer Dggmping and the thickness
of the damping layer hygmping. Considering the power index m of the acoustic black hole region,
the above five parameters are set as variables. The values of the above five parameters were
changed respectively, and then different CAD models of the damping ABH plates were
established. The CAD models were meshed with the same sizes of grids in Section 2, and then the
meshes were imported into the LMS Virtual. Lab to set the material properties and boundary
conditions. The material properties and boundary conditions are the same as the FEM model in
Section 2. In addition, the position, amplitude value of the excitation force and position of the
monitoring points remain unchanged. Fifteen combinations of different parameters of the
maximum ABH diameter, the truncated thickness of the ABH, the power index of the ABH, and
the damping layer thickness, the maximum diameter of the damping layer were selected to
calculate the vibration velocity response of the four monitoring points. After the FEM calculation
was performed, the vibration velocity responses of the four monitoring points around 600 Hz is
shown in Table 2. It can be seen from Table 2 that the vibration velocities of the third group is
minimal. At this time, the geometric parameters of the acoustic black hole and the damping layer
are: hy =0.61 mm, m =5.5, Dypy = 90.18 mm, hygmping = 0.99 mm, Dyamping = 27.65 mm.
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Fig. 4. Schematic diagram of the rectangular plate embedded with ABHs

Table 2. The vibration velocities of the four monitoring points under
different acoustic black hole parameters and damping layer parameters

No. | he | m Dasy haamping Paanping) st | | ey
1 0375 |85.19] 1.15 20.61 0.018769 0.024649 0.021316 0.023104
2 1056 4 [5026] 1.54 43.22 0.003364 0.001296 0.013225 0.009604
3 10.61]5.5/90.18 | 0.99 27.65 0.002209 0.001369 0.0004 0.000441
4 103 |35] 78.6 1.47 35.77 0.017424 0.0256 0.026896 0.0289

5 10.95]4.5]|41.37 1.4 47.78 0.003136 0.004489 0.015129 0.012544
6 |0.884.5/95.01 | 0.85 53.92 0.004624 0.005329 0.014161 0.010609
7 1025]2.5/98.62 | 0.92 38.13 0.0169 0.024649 0.013225 0.015876
8 10.69] 4 | 66.8 1 44.85 0.002025 0.000784 0.010404 0.008464
9 10.11|55]63.17| 1.27 23.29 0.0225 0.018225 0.030276 0.0225

10 10.76 | 2 |42.93 1.2 25.45 0.0036 0.005184 0.012321 0.0121

11 | 04 |3.5] 52.7 1.24 34.04 0.005041 0.004761 0.003025 0.002704
12 10.73] 3 | 7458 | 0.82 41.31 0.003844 0.000361 0.012769 0.0049

13 10333 | 775 0.87 29.09 0.019321 0.021316 0.025281 0.024336
14 10.79 3.5/ 5586 | 1.38 31.6 0.0025 0.005184 0.013456 0.013689
15 1048 5.5] 86.97 1.5 56.8 0.005625 0.007225 0.022801 0.021025

4. Conclusions

In this paper, a group of FEM models for the vibration analysis of the rectangular plate
embedded with acoustic black holes were established, and four monitoring points on the ABH
plate were selected to calculate their vibration velocity response in 100 Hz-3 kHz frequency
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interval. The maximum value is the vibration velocity of the monitoring point 3 at 2600 Hz, and
the amplitude is 0.137 m/s. In order to study the effects of acoustic black hole geometric
parameters and damping layer geometric parameters on the vibration response of the ABH plate,
15 combinations of different parameters of the maximum ABH diameter, the truncated thickness
of the ABH, the power index of the ABH, and the damping layer thickness, the maximum diameter
of the damping layer were selected to calculate the vibration velocity response of the four
monitoring points. The calculation result can help us understand the effects of acoustic black hole
geometric parameters and damping layer geometric parameters on the vibration suppression of
rectangular plate, and provide data support for subsequent optimal design.
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