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Abstract; The vibration and noise performance of gear reducer directly affects the comfort and safety of
ships, but the commonly used means of vibration and noise reduction has entered a bottleneck period. To
solve this problem, this paper studies the vibration reduction method of acoustic metamaterials on the gear
reducer box. The vibration characteristics of the gear reducer box under different excitations are ana-
lyzed, the metamaterial monomer structure and the box scaled model with similar vibration characteristics
are designed, and the influences of the mass ratio, damping ratio and the number of monomer structures
of metamaterials on the vibration reduction effect are systematically analyzed. For the scaled model, the
metamaterial vibration reduction scheme I in which the natural frequencies of the monomer structures are
2 690 Hz, 2 790 Hz and 2 970 Hz respectively, and the metamaterial vibration reduction scheme Il in
which the natural frequency of the monomer structure is increased by 4 000 Hz compared with
scheme I, are designed. Through analysis, the vibration reduction effect at the main peak frequency of
the scaled model is not less than 7 dB in scheme I . The calculation results are verified by experiments.
The vibration reduction frequency band error is less than 4. 0% , and the vibration reduction amplitude

error is not more than 10.3% , which proves the effectiveness of the metamaterial scheme.
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VAR IS AR AR IR A 4 AU &, B Rh r
BT AR R, 7E COMSOL Xt i
TR BRICTHA. , 25 i 3] 4 %0 ol 25 A4 1R 1) S s £ 3¢
L, R FH b D AR A 5 A 900 R e 1 ARl S PR
ENE O, R A AR R ARE B0 12 1 H A2 A
FLHE N A I AT 0T, AR R 2 PR,

2 MmhrE

Fig. 2 Measuring point location



<172 - woBe 3

A N 2022 4F

FEATE] AT 5 AN L, SR A0 A 32 2
SO I BRI L W O, PSR S A0 AT R 3
TR AR R BN BE G, A RN 2% AF T /Y
s B AnIE 3 Frs

150 |
130 -
110 -
90
70 F
50
30 L L L 1 L 1 1 1

100 200 300 400 500 600 700 800 9001 000

B2 /Hz
(a) [ )

PR B hn s 4 /dB

P 5l % B 4% /dB

100 200 300 400 500 600 700 800 9001 000
JiZR/Hz
(b) B 1A
B3 %R i AR AR A A 12 U T HR 3 Wi Bz Xof L
Fig. 3 Comparison of vibration responses of gear

reducer box under different excitation
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Fig. 4 Schematic diagram of scaled model structure
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model under different excitation
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after the change of metamaterial mass ratio
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