% 53 %5 11 ] R N O 1 Vol. 53, No. 11

1L

2025 4 11 A JOURNAL OF THE CHINESE CERAMIC SOCIETY November, 2025

http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20250036

AP S R S5 A4 Y TGRS 1 R SE U B AL ER

RE Y FREL BERL BIR? #KHL GnE°

(1. PVTITTE e TR 2408, PUJII P9YT 641000; 2. fEg Kt AR TR, Kb 410000;
3. MR RFAEALL, WO 570100)

O SIS IR TR B0, A TR AR S A RIS S, BT REOURE I, R T MR
R AR B A BRI AR I RE T A L IR A HEAT TS, SRR T R A LR, IR 7L
IS HOS BRI . S5 5RR . AL 7 R ATE 0~1000 Hz F=2E T 1 &SRR I, 11T 294~944 Hz, i B o &
N 650 Hz, [ i R 9 65%. fF B Ah A 5 B el HUN AR A P AR R kg, T AR LE A2 U R I 25 S5 4 7 A7 PR B 1A
BIRSE o HEIN/ANBETR IR e T CABR ety SR A AR P, IR AR 1) 9 52 T LA Bty K A e, R BB I 1 vt B U T 52
M I 98 P

KEEIR]: Wk B AR AR, R dER
hE4EE: 0735; TB535  MEkFEM: A  XEHS: 0454-5648(2025)11-3352-10
4% iR ATiE) : 2025-09-30

TEVARMERATS, 75 T ik S U R B A4 OSSR 2 R A B 02 v A IO 5 e 0 40
(b S0 T T SRS, T A ey BB T, R EEOD TS TR IR
ZRPRIR, BRI, URRE RIS, FRAR I BT L.

PR DR AR L. 7 T SRR A AN S 7 4 B3 T B0 1 98 S SR LA 0
I, ER A RO A R B A SR INRE, SREIFTRII A TR R TR,
4%, R FVF B AR T P E A RS, OB E RO B T T R B R R OK
R 75 F SR HORE B, AT LR b s i . IR RSN T — MR R T ik,
SO PR . R, PRI CAR, TR IATE 0~1000 Hz A A RIBERHER . Ik
R BRI 7, ARSI AR R AR R R HT RS SRI g 55 A5 10 R e, Mk T —
BT T LA BT R LA 20 TR U0 4 0 55 465 10 7 T o

IR IR, ATaAmTis s k. FRIBESMISEIE TR, wit T —Fgiis
A U TSR R R 0101, M a i TR, BEUSTE 183.35~245.14 Hz B = A L
AR BT 2 () 2 R ORI, BES 7 AEAihkky Brendel SEUSURIR T — K RE I T AER S 1 &
B, TR IR U R IS IR TR R . Li SEOSE T 2 A R BR A = 4T
1. DL, ZEVETARLMG O R AR, ks T RIK, 7B 0~5000 Hz PO IRHFBRE o R IA ) T
HHRR IS PR L R BN %, T 78.2% Bao SEUTHR H 1 — ik AR 11 75 7 4k
PR A JR S R B A4 O A AN B A R B i TR A AR SRS T R R
B, BT LLET RS IR A AR, MA@ IR, % TR IATE 120~153 Hz £EAETRR, fiENs

ek H . 2025-01-15. BT H#: 2025-03-11, Received date: 2025-01-15.  Revised date: 2025-03-11.
HEWH: B XK E S KT (2023YFB2604300);  [F %X H AR 23 4 First author: CHEN Junhao (1993-), male, Ph.D., Lecturer.
(52078490) ; PN YL T 3% fili WF 9¢ 5 B A 3 Al 0F T 0 B E-mail: 359622670@qq.com
(2024NJICYIN-ISYO014); PV 7 27 5 R 22 26 1) Gk ) Correspondent author: ZENG Xiaohui (1982-), male, Ph.D., Professor.
iR B0 H (X2024009; X2024072). E-mail: zxhzlh@126.com

W WRRZEWA993 ), 5, L, Y.
RS W82 ), B, i+, R



E53LE 11

Mrfiase &5 AR 7oA RIR S KRR 7S 1 R o8 A5 [ L2 - 3353 -

2 AR S A IR 5

7 27 SR (ABH) 25 4 & — b R i 3 s ok
SEHL A S R R AR T AR TR BTSSR, B
LA B 2R 5 b 0 SRR R P 4% . SRR BT
J5 JE B LA T2 AR B B A2 A0 (0 X 38, 5 4n 4 7 i
%k . ABH S5 IR HAE PR P M 7 i AT Jee
DL SRR, DR TN, IR
HR SR BT T R BRAR S5 0OUR] ] ABH 2514
MR T8t AN 2 SR, SR T — R G
ABH S5k [FF R AR i S 1 4K . Zhao S 1200F ]
ABH Z5FBETE 7 — Rl R R 1 AR PR R G, %4
FIRELE 200 Hz LU A4E T 3 56 B PR
T AR 7 S BRI FE A A RS TR AR IE
T ABH Z5HyrIXE AR AT M 2. X iR W
ABH S5 F R AL A T SR et AT 2%
ST A B o

SR TE AT B RS 1 R et R A
ih5 ABH S5 &, T REOHRE ISR N T
— PR RS T A . R BR o X FLAE A 4
Hy s PR S A R AT RS, dER
TR AN, IR T LTS HO0 R A
FAIPRE

1 ARG E 7 %

11 riREsE

P&t B B iR AR s RIECRIE TR,
SR A AR R ] 1 Flros, 43 B A A A B g~ Xof
MR BER B BT g, R— AN
T 5y [FR, [ESDSEHARE, S5FEg R
PP AR ZO VTR R BUHA . R
GERY 3 AR, Herbih 2t Ky HE R E AU ABH
SERIF R o

ot ) Resonator
oft coating e — e — —
—“ FT’\ . Short board ‘ BH Structure |
éij@ o I P i
b R h1 - ‘| . ||
h

(a) Front view

(b) Top view

’
a, a, a, il e el

(c) Section view (d) Detail view

Bl1 QAR RS T R R S ) A A
Fig. 1 Analysis model of the flying saucer shaped phononic crystal
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Table 1 Geometric parameter of the cell analysis model

Parameter Value/mm

a 9.43

ar 2

as 1

as 0.732
N 1

hy 3

ha 1

hs 0.5

ha 0.01
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Table 2 Material parameter of the cell analysis model i(kr—ot) 9
Parameter Resonator Soft coating Edge structure u ( r 't) =¢€ Uy (I’) ( )

Elastic modulus/Pa  3.54x101  1.175x10° 4.35x10° u (r+a)=e*u, () ©)]
i .m-3 N N NN = dig NN

Density/kg-m 19100 1300 1180 :T:QEF' a jﬂa%*%f%’ﬁ; U, (r) j\j&%—{ma, Kk j\jlﬂif’i,

Poisson’s ratio 0.35 0.469 0.37
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Fig. 2 Finite element model of the cell
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Fig. 3 Irreducible Brillouin zone of the cell analysis model
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Fig. 4 Band structure of the flying saucer shaped phononic
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Fig. 5 Vibration modes of the flying saucer shaped phononic crystal at feature points A1 and A2
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Fig. 6 Vibration modes of the flying saucer shaped phononic crystal at feature points B1 and B2
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Fig. 7 Calculation model of attenuation characteristics
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Fig. 8 Frequency response function curve of the flying saucer
shaped phononic crystal
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Fig. 9 Acceleration field distribution of the calculation model
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Table 3 Geometric parameter and level of the phononic

crystal
Geometric parameter  Level 1 Level 2 Level 3 Level4 Level5
a 0.6 0.8 1 1.2 14
as 0.3 05 0.732 1.0 1.2
hy 2 25 3 35 4

a, is height of the large trapezoid; as is height of small trapezoid; h; is width
of the rectangle.
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Fig. 12 Influence of the height of large trapezoid on bandgap
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Extended Abstract

Introduction In the field of vibration and noise reduction, phononic crystals and their ability to regulate elastic wave propagation
have attracted significant attention. Leveraging the bandgap characteristics of phononic crystals, researchers can precisely control
elastic wave transmission within specific frequency ranges. To this end, numerous scholars have dedicated efforts to designing and
optimizing novel phononic crystals while investigating their bandgap formation mechanisms. Biomimetic design, which innovates
engineering solutions by emulating forms, structures, and functions from nature or existing systems, has emerged as a vital source of
inspiration for developing advanced phononic crystals in recent years. Furthermore, the acoustic black hole (ABH) structure, an
engineered design that leverages wave manipulation characteristics to achieve energy focusing and absorption of acoustic waves, has
been demonstrated to effectively optimize phononic crystal configurations, thereby significantly enhancing their bandgap properties.
Aiming to achieve broad bandgap implementation in phononic crystal design, this study integrates biomimetic concepts with the ABH
structures and proposes a flying saucer shaped phononic crystal configuration based on local resonance theory.

Methods Currently, the bandgaps of phononic crystals are primarily determined through plane wave expansion (PWE),
finite-difference time-domain (FDTD), lumped mass methods, and finite element method (FEM). The FEM demonstrates distinct
advantages in calculating unit cell bandgaps and has been widely adopted. The fundamental principle of bandgap computation using
FEM involves three key stages: First, the unit cell analytical model is discretized into finite elements, where the continuous field
within each element is characterized by nodal forces and displacements. Subsequently, finite element equations are established based
on equilibrium conditions, incorporating Bloch-Floguet periodic boundary conditions to derive an eigenvalue equation containing
wavevector—frequency relationships. Ultimately, solving this eigenvalue equation yields the dispersion relations of the equivalent
model. This study employs the COMSOL Multiphysics finite element analysis platform to solve the eigenvalue problem, thereby
obtaining the band structure of the phononic crystal while simultaneously acquiring its vibration modes.

Results and discussion The flying saucer shaped phononic crystal proposed in this study exhibits pronounced bandgap
characteristics, generating a local resonance bandgap within the 0-1000 Hz frequency range. Specifically, the bandgap spans from
294 Hz to 944 Hz with a width of 650 Hz, exhibiting a relative coverage ratio of 65% over the target frequency spectrum.

The parametric analysis reveals significant geometric sensitivity of bandgap characteristics: 1) With the rectangular width h,
increasing from 2 mm to 4 mm, the bandgap starting frequency decreases from 352 Hz to 280 Hz while the cut-off frequency elevates
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from 845 Hz to 961 Hz, resulting in a 38.1% bandwidth enhancement from 493 Hz to 681 Hz; 2) As the large trapezoidal height a.
grows from 0.6 mm to 1.4 mm, the bandgap shifts downward from 402-1312 Hz to 248-734 Hz, accompanied by a 46.6% bandwidth
reduction from 910 Hz to 486 Hz. 3) When the small trapezoidal height as escalates from 0.3 mm to 1.2 mm, the initial frequency
increases by 13.2% (288 Hz to 326 Hz) whereas the cut-off frequency drops by 33.3% (1170 Hz to 780 Hz), collectively causing a
48.5% bandwidth decrease from 882 Hz to 454 Hz.

Conclusions The bandgap characteristics of the flying saucer shaped phononic crystal are determined by the vibration modes of its
constituent structures. Specifically, the bandgap starting frequency is primarily governed by the translational vibration of the resonator,
while the cut-off frequency results from the reverse-phase vibrations on both sides of the edge structure.

When the excitation frequency falls within the bandgap range, the flying saucer shaped phononic crystal effectively localizes
vibrational energy. Most energy is confined within the internal structure, particularly at the resonator and edge regions, with minimal
energy transmitted to the output terminal. This process achieves strong vibration suppression, thereby fulfilling the objectives of
vibration reduction and noise control.

The bandgap characteristics of the flying saucer shaped phononic crystal, especially the bandgap position and width, are
predominantly influenced by the equivalent mass of the resonator, the equivalent mass of the edge structure, and the equivalent
stiffness of the soft coating. Geometric parameter optimization enables precise bandgap tuning: increasing the small trapezoidal height
elevates the bandgap starting frequency; enlarging the rectangular width adjusts the cutoff frequency; and modifying the height of the
large trapezoid alters the bandgap width.

The flying saucer shaped phononic crystal proposed in this study exhibits bandgap characteristics. By configuring the flying
saucer shaped phononic crystal into composite acoustic absorption panels through periodic array arrangements, this design fully
exploits its low-frequency local resonance bandgap characteristics spanning 650 Hz, providing innovative solutions for multi-domain
vibration and noise control. In automotive engineering, the panels can be embedded within door cavities, roof structures, or chassis
interlayers to suppress road-induced tire noise (200-500 Hz) and engine resonance harmonics. For rail transit applications, integrating
the panels into carriage wallboards, bogie systems, or track underlayments enables simultaneous attenuation of wheel-rail friction
noise (500-800 Hz) and carbody structural vibrations (300-600 Hz). This innovative approach offers a mechanism-driven yet
engineering-feasible solution for industrial noise and vibration mitigation, demonstrating significant practical potential.

Keywords bandgap; phononic crystal; bionic design; acoustic black hole; local resonance



