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Geometric model of floating raft isolation system
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Table 1 Dimensions of various parts of raft frame
AR HIMRE
B L/mm 1200
B8 B W/mm 600
BB H/mm 100
TR R E dy/mm 10
N IR R dy/mm 10
i) o AR S FE dy/mm 10
1 9 0 P A /i 10
il i o () AR ds/mm 10
Bl P S AR 5 BE d/mm 10
EERRR )T B dy/mm 15
TERRIR & R dy/mm 15
B SMUAE AR T AL 1 s /mm 60
1] RS AR T AL i s,/ mm 60
A SRR L L sy/mm 60
Y1) Y FB AR T AL 1 A s,/ mm 60
BRSNS T AL 58 L ss/mm 270
B N ERTHEIAR T AL 58 L sg/mm 170
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Fig. 2 Layout of vibration isolator (Unit: mm)
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Fig. 3 Geometric model of floating raft vibration isolation system
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Table 2 Performance parameters of vibration isolator

FRIE/(N-mm™)  #ERE/(N-mm™)

X y z X y z

MaiRas M5 FHE Lt

L BE-40 148 387 161 296 774 322 0.1
TJE BE-120 445 1280 483 890 2560 966 0.1
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Fig. 4 Time domain curve of impact load
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Fig. 5 FE model of floating raft vibration isolation system
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Table 3 Numerical simulation results of the original scheme

Ly, 1B Acqui /g Uequi /mm

TR 4527 19.42 4125
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Fig. 6 Test bench of floating raft vibration isolation system
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Table 4 Comparison table of vibration level between experi-

ment and simulation
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Table 5 Training sample test design scheme
IG5 d dy d3 dy de d7 ds Ly Uequ Acqu
1 5 6 10 12 13 16 18 47.43 40.82 19.24
2 6 8 16 7 9 13 17 47.21 41.16 19.40
3 7 10 9 15 5 10 16 45.64 41.46 19.43
4 8 12 15 10 14 7 15 47.11 41.56 19.45
5 9 14 8 5 10 17 14 47.09 41.72 19.47
6 10 16 14 13 6 14 13 47.03 42.05 19.40
7 11 5 7 8 15 11 12 47.21 41.09 19.42
8 12 7 13 16 11 8 11 47.08 41.47 19.42
9 13 9 6 11 7 18 10 46.92 41.65 19.47
10 14 11 12 6 16 15 9 46.50 4191 19.44
11 15 13 5 14 12 12 7 46.28 42.07 19.39
12 16 15 11 9 8 9 8 46.47 42.26 19.28
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Table 7 Optimized design parameters
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Fig. 13 Comparison of domain curves before and after optimization
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Table 8 Comparison of results before and after optimization
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Performance optimization and lightweight design of floating
raft vibration isolation system based on RBF-PSO algorithm

XU Mingcheng', XIAO Shaoyu’, WANG Ruhang’, ZHANG Guanjun’

1 School of Naval Architecture, Ocean and Energy Power Engineering, Wuhan University of Technology,
‘Wuhan 430063, China
2 China Ship Development and Design Center, Wuhan 430064, China

Abstract: [ Objective ] To address the challenges of heavy workload and long iterative cycles in the
lightweight design of floating raft vibration isolation system in engineering applications, this study proposes a
lightweight design method based on RBF-PSO multi-objective optimization algorithm. [ Method ] Taking
the plate-frame floating raft vibration isolation system as the research object, a finite element model was estab-
lished using ANSYS APDL. The vibration isolation performance and impact resistance were evaluated
through numerical simulation. Experimental tests were conducted to assess the vibration isolation perfor-
mance of the floating raft. The accuracy of the numerical simulation was validated by comparing it with the
experimental results. A full finite difference method was employed to analyze the parameter sensitivity of the
floating raft vibration isolation system. Appropriate design variables were selected based on the sensitivity
analysis. The lightweight design of the floating raft vibration isolation system was carried out using the RBF-
PSO multi-objective optimization algorithm. [ Results | The results show that after optimization, the mass of
the raft is 63.03 kg. Compared with the original design, the weight of the lightweight raft is reduced by
31.92%. The vibration isolation performance of the floating raft system improves by 2.48 dB. The impact re-
sistance of the equipment is also improved. The discrepancy between the optimized result obtained by the
RBF-PSO algorithm and the numerical simulation calculation is less than 1%. [ Conclusion ] Therefore, the
RBF-PSO multi-objective optimization algorithm can be effectively applied to the lightweight design of the
floating raft vibration isolation system.

Key words: floating raft vibration isolation system; vibration isolation; sensitivity analysis; RBF neural
network; particle swarm optimization algorithm; lightweight design
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