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Fig.1 Unit cell configurations of liquid-solid metamaterial

and solid-solid metamaterial

1.2 HEEE

H i % 8 BB RE A 45 R 0 15 2 R T EOE T
2, A RO 8 F COMSOL Multiphysics 5.4 4 1
BT RE HE AT 0H 5, oA D R sk sh i fE . M
IS HRCT A Ay 5 4 T S s, R [ A g 2 A e, i
FEA T B I R
ulr,t)

ar’

At w=(u, u,, u JREABRE ;r=(2,y,2)8
RAOLE R ;AR5 C(r ) o (r )43 50 R #1 k
F4) L i R R

P B A R 8 A WA i R [ R 2
JE 3PS 2B e BB AN 25 ISR, 0 S A B 1Y I8 Bl
73‘*5‘5?‘7:

v( !
o(r)

b p R 5 0 IR 5 oo NP R

F TR AR B0 SR BE AT 45 A B T H AT LA 4
Wl g FE — AR Y S R R AT o X T [ R 5
R, R A BR TR A IS 8 HOR 30 R A (E D7 O

(1)

Ve[ [C(r):Vulr,t)]=p(r)

1

= - 2
V‘D) ot

N

(5 ] e
=S, MJLP

w
K5=JBWXr)Bde (4)
ALzzLMr)NTNHVk (5)

A U p 4350 oy [ 44375 B0 015 s 00 0 % R B A
T AR BT A5 R ) AR B 5 KR K A3 SR SR TR
FRITIAL AR 1 T 8 6 B 5 MR ML, 1) Ay T4 R 3 1R 1
JoT i W 5 B Ol LR R [ N ORI RO [ VAR
B R A DX S FR 7 T R R I DL S SRR
R A
HR A 7t [ #8519 30 ) 2% - A 05 A2 5K (3) |, B ap
SRAT AL [ R A5 25 K PR30 T A4 3 1) e 5k A B [k 37 1Y
(DA ¥iE 7/ES o
P Sy 56 A [ S I A B Ih B B 1 R
B FHAEAE T BT 5 R
(K,— &M, )U=0 (6)
U 5 S I A G v A2 B I A A HIOG R I, 46
A Jal 0P 45 7 v % B 19 Bloch a2 B, H BRI AR B
7 1 /2 Floquet PR3 B 568, ] RoR Hy
u,=u.e ™ (7)
A w, Ry R M B CH AR 89 067 7% ) &
w, SRy BRI JEL IO PE i S CUR T ) 9 6 8 1) o 5 140 3R R 4K
BT 3k R TR LIS s a AR O B o
A3 5K (3) R (6) 52 (7) B AL W U K & ki Ty
25 KB XTIV AN AT 24 A BLUK X, 3K A AR I A 48 i R[]
N AT = 7l i <1 o S N s R 4 S O e
5.

2 HERHFEFR

2.1 &-E.E-E8#E RS EN

A5 B B 5 U — 4 D) HE A 2H R 6 R g
A A R O O SR U e ), HOME DX R
[0, /a], Horfa Sy B fy 5 A% o 80, % X A BF 5
% a W 60 mm, /, B 40 mm, /. B 36 mm, A, B
0.34 mm. 4 N FR RS AR WS B BUE A T
1R 1Y [ E A ORS8O By e 45 I RE
M E 2 froR . BA A A S0 HUT
Sl X R = 5 1w i % 25 Hh 3 Ly T 1) e 4 2 il Dk L4
BT YIS o J7 o) AR B, R A B 52 DX B RE
RN BRI E . B 3G T B 2 AW
SO R AH R R Y iR B AR X, H i Sk O e A R AR
LR JT W .

w3 Fras B A 32 IR PR A AT
A 55 40 7 2 1) A8 8 1 Jy Bl AR BT X ot e R A R



o5 3

HOBE, S ORISR R R B R 20 AT 827

x1 BURRBRZASHRSH
Tab.1 Material parameters of each component of meta-

material unit cell
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Fig.2 Band structure of liquid-solid metamaterial
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Fig.3 Vibration modes of corresponding points of different

types of elastic waves
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Fig.4 Band structure of solid-solid metamaterial
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Analysis of band gap characteristics of metamaterials in the solid-liquid
state of scatterers

JIANG Xuan"**, CHAI Yi-jun"*’, GENG Qian'**, YANG Xiong-wei"**, LI Yue-ming"**®
(1.School of Aerospace Engineering, Xi’an Jiaotong University, Xi’an 710049, China;
2.State Key Laboratory for Strength and Vibration of Mechanical Structures, Xi’an 710049, China;
3.Shaanxi Key Laboratory of Environment and Control for Flight Vehicle, Xi’an 710049, China)

Abstract: Elastic metamaterials can be used for vibration and noise reduction, waveguide, stealth and other special elastic wave
control functions, which have broad engineering application prospects. In this paper, solid-liquid phase change materials are intro-
duced as the scatterer to compare the band gap characteristics and vibration isolation performance of the scatterer under the two
forms of solid and liquid. The numerical method is used to calculate the band structure and the dynamic effective mass of unit cells,
the factors affecting the band gap characteristics of metamaterials are studied, and the vibration isolation performance of two forms
of metamaterials is verified by experiments. The results show that the liquid scatterer metamaterial can generate local resonant band
gap to achieve low frequency vibration isolation, and the solid scatterer metamaterial can generate Bragg band gap to achieve wide
frequency vibration isolation. At the same time, the band gap of the two design forms can be well regulated by changing the exter-
nal conditions. Therefore, the transformation of the two design states of the metamaterial scatterers realizes the transformation of
the band gap type and the adjustment of the vibration isolation band, which can provide a reference for the configuration design and
the regulation of the vibration isolation characteristics of the phase change scatterers metamaterial adapted to the thermal environ-

ment.
Key words: metamaterial ; solid-liquid phase transition;band structure ;dynamic effective mass; performance of vibration isolation
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