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Research on the Widening Method of Bandgap with Graded

Arrangement for Elastic Wave Metamaterial in Cylindrical Shells”
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Abstract The problem of bending wave band gap widening of cylindrical shell elastic wave Metamaterial
restricts it to meet the requirements of wide frequency vibration isolation in practical engineering. Aiming
at this problem, this paper first studies the characteristics of bending wave band gap of cylindrical shell
elastic wave Metamaterial based on local resonance mechanism, studies the relationship between local re-
sonator mass and spring stiffness coefficient, and then applies the combination of periodic hierarchical ar-
rangement to the band gap widening of cylindrical shell elastic wave Metamaterial, the finite element
method is used to calculate the Electronic band structure and vibration transmission characteristics. The
research results show that this method can achieve widening of the bending wave bandgap; The elastic
wave Metamaterial of axially periodic graded cylindrical shells constructed by the combination method
can achieve efficient attenuation of bending waves in the frequency range of 705Hz~1226Hz, and the
band gap is widened to 2.55 times of that of a single resonator, which shows that the method has obvious

advantages in broadband vibration reduction and has broad application prospects.
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Fig.1 Cylindrical shell elastic wave metamaterial based

on local resonance mechanism
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Table 1 Geometric and material parameters of cylindrical
shell-like elastic wave metamaterials
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Fig.2 Cylindrical shell metamaterial based on local resonance mechanism and its geometrical parameters
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Table 2 Geometric parameters information in different cell
R BAERE (m) RFEB(m®) - 35 54T T o
A 0.5 1.3150n X107 0.6088
B 0.5 1.6437n X107 0.6148
C 0.5 1.9725n X107 0.6141
D 0.5 2.9586n X107 0.6423
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Fig.5 Energy band of A, B, C and D cells obtained
by finite element method
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Fig.6 Cylindrical shell elastic wave metamaterials
with combined method

A BR oG i 3t 58 45 ity iple 7 25 4 vh (9 1% # 15
0 LA S SIE AT 0P S 9F 5 % el o JR) 0 5 HE 30 1 T A
FC S TR IR MR T IR B0 A% i R R A BT T SRR
RUGNEL 7 JF 7. e 0 i 10 ) T SR AT A S A il
W SE VL2 (PML) 7 FH T 48 b4 R 75 31

B 8(b) 4 Lk e 7 &5 48 b i A% 3 5 0, A
R LR B . T AR 6 Bl v S DD 43 G HE B 1B A S 2

A I A RHAE 705 Hz~ 1226 Hz 1Y 55 45 31 6] 1 %
il AT R RSO B R R 68dB,
-4 S A 34dB DAL 4 PR T RE R R A CHE IR
B BE WY 2.55 A B KA 40 T8 T A5l I8 A A B Y R
K 8 (a) Sl i K ALBLC.D PUASES il 9 45 BR
P — A B AR AS 1 e 45 44 181, T DL HE Gl
JE3 43 G AR 3 ) T AT DUAR G B4 4 0O A R A
e B R AT A P L I 4 GCHE B B R e 2 i
V2 R MR 1 25 i e B 695 Hz~ 1226 Hz iR 3))
A8 B R P Y8 ) S B T 6 L R Y 45 4 1 S B R
1 30Hz, S HUH BR 58 BE 45 /N T 30Hz, iy T A &
T8 L PN 32 45 A X 25 T 982 194 e U A AR /N T A AT BR S
HAZE A8 v TR R R L AT S D b A B )R
2 A 1 A AN A B SO A S I B
TG BELJR) 1 25 R 11 BB 25 4 4 BT L) A R A

P 7 b A 30 43 9 R 2 B A e % g A 0 A R

Fig.7 Axial periodic graded arrangement of cylindrical

shell-like elastic wave metamaterials
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Fig.8 Energy band and transmission characteristics: (a) Energy band; (b) Transmission characteristic
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