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Abstract

In recent years, acoustic black hole (ABH) structures have attracted much attention due to their
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excellent performance in controlling structural vibration and noise. The combination of Dynamic
Vibration Absorber (DVA) and acoustic black hole theory can effectively suppress the vibration
response over a wide frequency band, including low frequencies. Firstly, the DVA is designed and
tested for the second resonance frequency of the ABH beam, and the vibration damping effect of
the additional DVA (ABH + DVA) and the damping layer (ABH + Damp) of the ABH beam was tested
by vibration experiments. Then, the finite element model is developed and verified through the
experimental results. Finally, the wide-band vibration damping characteristic of ABH + DVA and
the influence of DVA parameters on the vibration damping effect are studied by finite element
calculation. The results show that ABH + DVA has vibration attenuation advantages near the target
frequency and also can achieve vibration reduction at other higher and non-target resonant fre-
quencies.
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Figure 1. Model of damped dynamic vibration absorber
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Figure 2. Test of natural frequency
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Figure 3. Frequency response curve of DVA
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Figure 4. Beam model embedded with ABH and DVA. (a) Top-view of beam embedded with
ABH and DVA, (b) Front-view of beam embedded with ABH and DVA
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Table 1. Parameter values for the numerical models

%% 1. ABH SRS EAMM RS

ABH ZE -2 M KL S5

p (gem™) E (MPa) Ny

2.75 68,900 0.33
ABH 45 RS 4L

ho (mm) hy (mm) m & Lagn (Mm)
0.5 55 2 0.0005 100
P A EH 24
pa (gem®) Eq (MPa) d mq (9)
2.69 300 0.8 10.668
HEN S
ps (grem™) dy (mm) d (mm) n ks (N/mm)
7.93 5 0.8 6 8.13

PRI S =4 1) ABH Z5#32(ABH); 2) ABH + DVA 4 &%(ABH + DVA); 3) ABH-[JE 241
A YE(ABH + Damp). HH, DVA F L ERT R JE 2 A AF R4 8 T FAE IR BEJE , BB JZ /0 i = A1 DVA
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Figure 5. Experimental setup
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Figure 6. Result of vibration response
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Figure 7. Comparison of experiments and simulations. (a) Comparison of experiments and simulations of
beam embedded with ABH, (b) Comparison of experiments and simulations of beam embedded with ABH
and DVA, (c) Comparison of experiments and simulations of beam embedded with ABH and damp layer
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Figure 8. Average acceleration response comparison among ABH, ABH + Damp and ABH + DVA
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Table 2. Average acceleration response at the first three resonant frequencies (unit: dB)

2. B 3 MrAARINK AL TR E N B (AL dB)

FEHRIERN IR ABH ABH + Damp ABH + DVA
1 49.40 4323 27.17
2 56.60 37.79 31.51
3 59.05 31.17 45.79

4.3. DVA £33} ABH + DVA 4H4 BRSNS

AT S DVA X ABH + DVA &3R4, FET AR e, £%F ABH 5%
FETS — B JLHR A2 (326 Hz), %R T W5/ DVA K ditS4r, B & HABHJE tbidkiT 0 4. DVA 2
B 4E 206 A& (6) i, aneE 3 B, o, N[FIBH JE bh sz 241 A 78 AH H) i & e rR Bt B JE EE R 0.2,

Table 3. DVA parameters under different mass ratio and damping ratio

% 3. TRIRSLUZERE TH DVA 24

AFFE =L TH DVA 25

JRE L u it m, (g) WL Kk, (N/mm) FHJE kb
0.05 0.0950 0.41 0.11
0.1 0.1919 0.82 0.13
0.2 0.3837 1.60 0.21
ANHEFHEL T DVA 251
0.05 0.0950 0.41 0.01
0.05 0.0950 0.41 0.05
0.05 0.0950 0.41 0.1
0.05 0.0950 0.41 0.2
0.05 0.0950 0.41 0.3
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Figure 9. Influence of DV A parameters on vibration characteristics. (a) The average acceleration
response curve of ABH + DVA beam with various damping ratio, (b) The average acceleration
response curve of ABH + DVA beam with various damping ratio
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