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Research on Low-Frequency Vibration Isolation Performance of

Locally Resonant Floating Raft Vibration Isolation System”

Guo Peng Zhou Qizheng" Wang Deshi Luo Ziyin
(College of Weapon Engineering, Naval University of Engineering, Wuhan 430033, China)

Abstract In order to improve the low-frequency vibration isolation performance of the floating raft isola-
tion system, the design method of arranging locally resonant cells on the surface of the raft frame period-
ically is proposed, and the dynamics model of the locally resonant floating raft isolation system is con-
structed, and the influence of the resonant cells on the low-frequency vibration isolation performance of
the floating raft isolation system under single-frequency and multi-frequency vibration excitation is ana-
lyzed with the output power flow of the system as the evaluation index. Results shows the output power
flow of the system can be reduced by about 30% when the mass of the additional resonators is less than
10% of the raft mass; the output power flow of the system at multiple frequencies can be reduced simul-
taneously when the resonant cell contains resonators of different natural frequencies. The research results
can provide theoretical guidance for improving the low-frequency vibration isolation performance of the

{loating raft isolation system by using locally resonant structure.
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Fig.1 Dynamics model of locally resonant floating raft vibration isolation system
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Table 1 Structural parameters of the floating raft vibration isolation system
Subsystems Parameters Value
Machines X 2 Mass ma 120 kg
Upper vibration isolators X 4 Stiffness k3, Damping ratio {p 6>X10° N/m, 0.04
Size Lc XB¢e X He LmX 0.7mX 0.03
. m Lm LJom
Raft Youngs modulus Ec Density pc 2.09X10" Pa.7800 kg/m?. 0.3
Poisson’s ratio ve
Lower vibration isolators 6 Stiffness £p, Damping ratio {p 1.32X10° N/m, 0.04
Size Ly XBg X Hg
Foundati Voungs modulus Er - Demsit 1m>0.7m0.01m
ngs m us ) nsi :
oundation unes modutus i Uensily ok 2.09X 10" Pa, 7800 kg/m?, 0.3
Poisson’s ratio vg
® 2 EEMEMRAEFNE(Hz)
0.4 Table 2 The natural frequency of raft frame
03 and foundation plate
Order Raft frame Foundation plate
02 m
01 1 141.10 74.53
0 2 159.41 147.98
05 3 327.70 224.84
0.2
0 4 336.85 247.71
0
m 02 m 5 411.72 270.60
-0.5
K2 REERRIR RS R TR
Fig.2 Finite element model of floating raft vibration isolation system £33 EEBRZESZNBEAHRE
Table 3 The natural frequency of the floating raft
eV A IR 22 6 AT W TR B o 7528 vibsation isolation system
N N N N Order 1 2 3 4
H HT 5 A A A T S 3l kg e ] A 4R
N - Frequency /Hz 16.46 46.15 53.55 58.86
FEER AR AT B 0 A A B — I IR B AN I 3
N . Order 5 6 7 8
Jras A B AR AR 2 s ZEX B i
Frequency /Hz 74.81 147.98 158.44 170.11

1R AR AT RS AT B Z s T FLET 6 B R 0 1
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Fig.3 (a) First-order modal vibration pattern of (a) {ree boundary

raft frame and (b) simply supported boundary
foundation plate
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Table 4 Parameters of the three types of resonators

Type Mass Stiffness  Damping Natural
/kg N/m Ns/m  frequency /Hz
Resonatorl 0.3413 3650 0.0005 16.46
Resonato2 0.3413 28693 0.0005 46.15
Resonato3 0.3413 38632 0.0005 53.55
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Fig.5 (a) Comparison of input and output power flow of floating
raft vibration isolation system without resonators
(b) Comparison of output power flow of the system without

resonators and the system with resonator2
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Table 5 Output power flow amplitude of locally resonant

floating raft isolation system at three excitation frequencies

Output power flow amplitude /dB
Frequency /Hz -
No-cells Resonator I  Resonato 2 Resonato 3

16.46 138.10 98.92 134.02 134.17
46.15 117.32 116.49 67.27 100.58
53.55 94.67 97.46 112.04 64.39
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Table 6 Output power flow amplitude of locally resonant

floating raft isolation system at three excitation frequencies

Output power flow amplitude /dB

Frequency /Hz Resonator Resonato Resonato

1+2 2+3 1+3
16.46 138.10 103.33 134.10 102.34
46.15 117.32 77.28 76.54 104.92
53.55 94.67 101.29 68.86 68.89
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