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Abstract: The suppression of vibration and noise has always been an important issue in engineering, and metamate-
rials have shown significant application value in vibration and noise reduction. In this paper, a novel hollow star-
shaped chiral metamaterial is designed by incorporating chiral structural characteristics into traditional hollow star—
shaped metamaterials and further evolves it into a solid star—shaped chiral metamaterial. The bandgap formation
mechanism is analyzed through vibration mode analysis, and the effects of different structural parameters on the
bandgap are studied. The propagation characteristics of elastic waves in the structure are investigated through dis-
persion surfaces, wave propagation direction, group velocity, and phase velocity. Finally, the transmission charac-
teristics of finite periodic structures are studied. The results show that the solid star-shaped chiral metamaterial can
generate an ultra-wide bandgap with a width of 5 116 Hz. The bandgap formation is mainly due to the rotational vi-
brations of the concave stars and ligaments dissipating the energy of elastic waves. Additionally, a decrease in the
inner concave angle a and an increase in the angle ¢ between the ligaments and the horizontal direction result in a
wider largest bandgap. The finite periodic structure can generate significant displacement amplitude attenuation
within the bandgap range. This novel metamaterial has excellent vibration isolation performance.
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Fig.1 Star—shaped chiral metamaterial geometric structure
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Table 1  Geometric parameters and material (photo-

polymer) parameters of metamaterials
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Fig.3 Band structure diagram of star—shaped
chiral metamaterials
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Fig. 10 Phase velocity diagram of solid
star—shaped chiral metamaterials
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Fig. 11 Solid star—shaped chiral structures
with finite periodicity

N 20 B R 5 R 2 R B A BRI R A
A% A A IS (39 403 S B L 45 4R Sl 1 RE D, Sk
A [ B Be 9 AR AR FEATWE TS o 0F TS0 2 B R T
AR, T8 A PN 8 O R O 150 Ha, 76271 Bt N
WO A0y 2 140 Hzo A7 BRJE 0 B9 5200 28 22 0 T+ 1k
SERTEA [RUR T (L% 2 AN 18T 12 FT s o

f2%%/mm

150 Hz
&4

S
'S

A

4
=3
%)

(a) A WA 4549 150 Hz G B8 [ 2 48 (258 = &

A7 F%/mm

2 140 Hz

e
'S

S

(b) A7 BRJE 4548 2 140 HzCHF BTS2 ) 1 7 = &

P12 A7 RS 0Ty 520 2 B2 T PR S5 A 7
AR LR =
Fig. 12 Displacement cloud diagrams of solid star-shaped
chiral structures with finite periodicity at different frequencies

M 12(a) AT LU A 28 W3 k3 /Y
e 2l 1A 454 5 AT 12(b) T LA i
AR FEAL S Az AE AT BRST ) 39 A% B0 380l i 5 B
UM o8 AR e LT AR~ R VA e e
VLM 7R T 2 R 2l B ) OR o TR S A
IR Bl A4 32 R BRI AT BT A B S0 28 B R TR 25 A A
ol AR 3 M 75 T B AT A

5 & &

1) EFABRICEE T4 AN B, 202K R
RIFME AR AT LU 42 5 000 Hz DL _E A9 H S BT .

2) PR A A BT T A B AE AL 1
FRVBIIHT B T8 A e 0 A 0 1 D 1 e R TR, TR U L

3) WHFE T NI o LA K 171 5 7K 57 5 1) 1 92
i1 O X S0 28 B A TP S5 AR BR A SE I, R R o 1
NP DN EES & IS .

4) ARSCHFE T Bl AT 5T 1A R B LR
R PR DA P A4 T . SRR SR P S A
R LA S S0 250 PRl 2 A AR AR T o) b 30 T 0

5) VFR T SR Uk 7E A B JE U 25 A A A B
N o 255 R B A0 B BN A BR R 0 25 4 A
THEMMBIREEZW . BMiE s BB ERT
G5 K % I 2 5L AT B 0 40 s R

& % 3

(1] vl om . I e oK 7 g 2 P A ) 0 225 A4 1 AV M08 41 e 1
WFFE[D]. KH: KR, 2022.
GAO Haogiang. Study on low frequency vibration reduction
characteristics of single—phase periodic structures with Archime-
des helix[ D]. Tianjin: Tianjin University, 2022. (in Chinese)

(2] B8, AineE, g8 5, 4. (R R AR Y 25 T E R
[J]. Ji%fdi, 2022, 54(10) : 2678-2694.
WANG Kai, ZHOU Jiaxi, CAI Changqi, et al. Review of
low-frequency elastic wave metamaterials[J]. Chinese Jour-
nal of Theoretical and Applied Mechanics, 2022, 54 (10) :
2678-2694. (in Chinese)

(3] F&IK, 401, Jrag, . Ji~F bR 9T ik e 5 00l 4 e 1t
RiFILT]. Fr2ak e, 2022, 52(3): 508-586.
YIN Jianfei, CAI Li, FANG Xin, et al. Review on re-
search progress of mechanical metamaterials and their appli-
cations in vibration and noise control [J]. Advances in Me-
chanics, 2022, 52(3): 508-586. (in Chinese)

(4] WM B, EW, BN, 55 Iy 4 R R R v 7 27 A b
RBIWFFEHERELT]. AU TR 2240, 2023, 59(19): 277-298
XIAO Yong, WANG Yang, ZHAO Honggang, et al. Re-

search progress of acoustic metamaterials for vibration and



190 ot s TRk 5015 %
noise reduction applications[J]. Journal of Mechanical Engi- phononic band gaps generated by a compliant axial to rotary
neering, 2023, 59(19): 277-298. (in Chinese) motion conversion mechanism[J]. Journal of Sound and Vi-

(5] X, AL, sKEL, 45 . SRS ART BRI SO £ bration, 2019, 439: 329-343.

WHELT]. shh2 Sl # 4, 2023, 21(7): 5-11. [15] ZHAO P C, ZHANG K, HONG F, et al. Tacticity-based
LIU Hong, YU Jiang, ZHANG Kai, et al. Multi-stable one—dimensional chiral equilateral lattice for tailored wave
mechanical mematerials for band gap tuning [J]. Journal of propagation and design of elastic wave logic gate[J]. Journal
Dynamics and Control, 2023, 21(7): 5-11. (in Chinese) of Sound and Vibration, 2022, 521: 116671.

(6] Xk, B, #ilte, 5. G5 % 75 25 AR SR [16] AP B A0 S5 b (Y IR B M Rr M I 5T [ D] R K
Z AN [T]. B, 2017, 66(2) . 208-212. HEOR 2, 2020
LIU Song, LUO Chunrong, ZHAT Shilong, et al. Inverse DU Chaoping. Study on vibration and noise reduction charac-
Doppler effect of acoustic metamaterial with negative mass teristics of star honeycomb structure [D]. Tianjin: Tianjin
density [J]. Acta Physica Sinica, 2017, 66 (2) : 208-212. University, 2020. (in Chinese)

(in Chinese) [17] AEw . 28 B ALRR U7 3 AT B 1 R 98 47 i F 52

(7] BRI, BREAS, S, 4. TSR 0 2540 88 b RH B 45 [D]. K wde Tk K4, 2022.

B A E 3 [J/OL]. PR 3h TR 24, 1-11[2024-06-17]. REN Fuguang. Study on band gap characteristics and control
http: / kns. cnki. net/kems/detail/32. 1349. TB. 20240607. methods of star-like lightweight acoustic metamaterials [D].
1119. 002. html. Tianjin: Hebei University of Technology, 2022. (in Chinese)
ZHAO Chunfeng, CHEN Qingjie, ZENG Chao, et al. Band [18] YURH, RUIST, WANG X Z, etal. An integrated load—
gap analysis and adjustment of single-particle periodic struc- bearing and vibration—isolation supporter with decorated
ture metamaterials[ J/OL]. Journal of Vibration Engineering, metamaterial absorbers[ J]. International Journal of Mechani-
1-11[2024-06-17]. http: / kns. cnki. net/kems/detail/32. cal Sciences, 2023, 253: 108406.

1349. TB. 20240607. 1119. 002. html. (in Chinese) [19] WANG X Z, ZHANG C, RUIS T, et al. Multi-scale ma-

[8] LIUZ, ZHANG X, MAO Y, et al. Locally resonant sonic terial/structure integrated elastic metamaterial for broadband
materials[ J]. Science, 2000, 289: 1734-1736. vibration absorbing [J]. Materials &. Design, 2024, 238:

[9] SPADONI A, RUZZENE M. Structural and acoustic be- 112705.
havior of chiral truss—core beams [J]. Journal of Vibration [20] M. 2F4E4E G 0K 09 45 M R AR R LW s PR RE M€ (D). |
and Acoustics, 2006, 128(5): 616-626. g RARRA, 2010

[10] SPADONI A, RUZZENE M, GONELLA S, et al. Pho- YANG Shu. Study on structural characteristics and sound
nonic properties of hexagonal chiral lattices[J]. Wave Mo- absorption performance of fiber aggregate [D]. Shanghai:
tion, 2009, 46(7): 435-450. Donghua University, 2011. (in Chinese)

[11] LIU X N, HU G K, SUN C T, et al. Wave propagation [21] URESER, WEOH, B, & A FakIM]. dbar: B
characterization and design of two-dimensional elastic chiral Tolk HE iR AL, 2009.
metacomposite [ J]. Journal of Sound and Vibration, 2011, WEN Xisen, WEN lJihong, YU Dianlong, et al. Phononic
330(11): 2536-2553. crystals [M]. Beijing: National Defense Industry Press,

[12] CHENL Y, GUO Y J, YI H. Optimization study of band- 2009. (in Chinese)
gaps properties for two-dimensional chiral phononic crystals [22] RS, GBI, TR, &5 MECIR TR SUTATE RS 45 b v st D
base on lightweight design [J]. Physics Letters A, 2021, AR GELT]. PB4, 2007, 56(4): 2298-2304.
388: 127054. WEN lJihong, YU Dianlong, WANG Gang, et al. The

[13] QIDX, YUH B, HU W X, et al. Bandgap and wave at- characteristics of wave propagation in laminated grid structure
tenuation mechanisms of innovative reentrant and anti—chiral [J]. Acta Physica Sinica, 2007, 56 (4) : 2298-2304. (in
hybrid auxetic metastructure [J]. Extreme Mechanics Let Chinese)
ters, 2019, 28: 58-68.

[14] ORTA A H, YILMAZ C. Inertial amplification induced (4348 : B XX#R)



