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Abstract

Abstract

Underwater acoustic materials play an important role in Marine noise control,
acoustic detection, acoustic signal communication, acoustic stealth technology and so
on. With the increasingly serious Marine noise pollution and the rapid development of
acoustic stealth technology, higher requirements are put forward for the
comprehensive performance of underwater acoustic materials. Aiming at the vibration
and noise problems of underwater vehicles, the structural design optimization of
underwater acoustic materials , sound absorption mechanism and noise reduction
mechanism are researched by the methods of theoretical calculation, modeling and
simulation and experimental testing. The mechanism of strong broadband sound
absorption and strong broadband vibration isolation under hydrostatic pressure are
obtained, which lays the foundation for acquisition of a new generation of vibration
and noise reduction technology.

In this paper , the multilayer impedance change of gradient distribution of the
impedance of the absorption material is investigated, and a kind of acoustic
impedance gradient materials design is proposed. A acoustic transmission model of
the multilayer material with impedance gradient changing is investigated by the
experiment in the frequency of 200-11000Hz of acoustic test and numerical research.
The results show that the sound absorption performance of the material is better when
the incident is oblique. Through analyzing the displacement of the material in the
sound field and the distribution of sound pressure in water medium, it is revealed that
the acoustic absorption mechanism of oblique incidence is better than normal
incidence, which provides a theoretical reference for the design of broadband acoustic
absorption of underwater acoustic materials.

Multilayer material absorption coefficient affected by sound wave incident
direction, in order to achieve the sound absorbing material for acoustic direction has
good robustness, and the working condition of an underwater sound-absorbing
material demand, this paper designs an hollow local resonance woodpile (HLRW) ,
and the HLRW was established based on finite element method (FEM) of acoustic
transmission model, on the basis of analysis of the HLRW of underwater
sound-absorbing effect factors, Combined with experiments, the sound absorption
mechanism of the hollow hollow woodpile was studied. The experimental test and
calculation results show that the average sound absorption coefficient of the HLRW is
above 0.8 in the frequency band of 500-6000Hz, and the good underwater sound
absorption performance of the HLRW with strong light and wide band is realized.
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In order to meet the requirement of strong sound absorption of underwater
acoustic materials under high hydrostatic pressure, the HLRW of connected water
area is designed in this paper, and the sound absorption performance of HLRW and
SLRW under different hydrostatic pressure is studied. The experimental results show
that the sound absorption of HLRW with the same material is better than that of
SLRW under hydrostatic pressure, and the sound absorption coefficient of HLRW
reaches more than 0.8 under hydrostatic pressure of 3.0MPa.

On the basis of the above research on the strong sound absorption under light
weight and wide band pressure, the corresponding acoustic transmission model is
established, and the optimization research on the low frequency sound absorption
performance of HLRW is carried out from the perspectives of the air cavity structure
embedded in different axial directions and the improvement of the loss factor of
component materials. The calculation results show that by embedding the longitudinal
air cavity and improving the viscosity of the soft coating and the substrate, the sound
absorption model of the underwater acoustic material with high sound absorption
coefficient (above 0.9) in the whole frequency band of 500-800Hz can be obtained,
which provides a theoretical support for the design and development of the
underwater acoustic material with wide frequency and strong sound absorption
resistance to hydrostatic pressure.

In the implementation of lightweight low-frequency broadband under the
pressure of the strong absorption of research, on the basis of further study to reduce
radiation noise by reducing the noise sources, such as mechanical equipment vibration,
phonon glass and curved cohesive structure in this paper are used to design a new
type of light damping base, then the vibration acceleration level drops are used to
characterize the performance of vibration isolation, The vibration isolation test of the
base under different equipment excitation is studied. The results show that the
damping base has a significant vibration isolation effect in the frequency range of
20-10000Hz, and the total vibration drop can reach 12.93-14.53dB compared with the
steel base of the same size. Therefore, the research results fully verify that the
lightweight damping base designed in this paper has the performance of high strength,
high damping and wide frequency vibration isolation, and has a wide range of
potential application value in the field of vibration and noise reduction of ship
mechanical equipment.

In order to solve the problem of tuning and sub-wavelength structure in the
transmission of two-dimensional acoustic topology valley states, the Matryoshka
structure is designed, which is tuned by rotating the inner and outer layers of the
structure, and the graphene like structure and Archimedean helical structure is

v



Abstract

designed to realize sub-wavelength Dirac cone and boundary state.

Therefore, based on the engineering requirements and specific scientific
problems of underwater broadband noise reduction, the noise reduction mechanism of
underwater acoustic materials has been studied from the perspectives of sound
absorption and vibration isolation. In terms of sound absorption and noise reduction,
lightweight, pressure-resistant, low-frequency and wide-band strong sound absorption
underwater acoustic materials have been designed in this paper and the corresponding
sound absorption mechanism has been studied. In the aspect of vibration isolation,
underwater acoustic metamaterials are used to design lightweight, broadband, high
damping and high strength vibration isolation base, which provides a new research
idea for obtaining a new generation of vibration and noise reduction technology.

Key words: broadband noise reduction, hydrostatic pressure resistance, underwater
sound absorption , hollow local resonance woodpile, damping base of vibration

isolation
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Figure 1.1 A partial physical view of the acoustic absorbing cladding
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Table 1.1 Classification and progress of underwater sound absorbing materials
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crystal
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Figure 2.8 Topology optimization model :(a) one-quarter symmetric calculation model (b)

(b)

complete model (c) Stiffness distribution stereogram (d) Stiffness distribution on XOY
bottom plane (e) Material distribution stereogram after topology optimization (f) Material

distribution on XQOY bottom plane after topology optimization
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Table 2.2 Main experimental equipment
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Figure 2.9 Preparation process flow chart of polyurethane
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Figure 2.10 Schematic diagram of sound absorption principle tested by transfer function
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Figure3.1 Schematic diagram of impedance matching and gradient variation of multilayer
impedance gradient change sound absorbing material (MIGM)
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Table 3.1 Component proportion of multilayer impedance gradient change sound absorbing

material
FEb 22 1 2 3 4 5 6 7 8 9 10 11
Rl 1 1 1 1 1 1 1 1 1 1 1
B 0 02 04 08 1.0 15 20 25 3.0 35 4.0
5 0 02 04 08 1.0 15 20 25 3.0 35 4.0
BRI 0 02 04 08 1.0 15 20 25 3.0 35 4.0

HREL 1 12 14 18 2.0 25 30 35 4.0 4.5 5.0
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Figure 3.2 Schematic diagram of preparation process flow of multilayer impedance gradient
change sound absorbing material
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Figure 3.3 Images of multilayer impedance gradient change sound absorbing material
samples
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Figure 3.4 Schematic diagram of samples and sound absorption test: (a) sound absorption
coefficient test system; (b) sample and impedance variation
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Figure 3.5 The density and sound velocity distribution of layer by layer for Iron-SMIG
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Figure 3.6 The density and sound velocity distribution of layer by layer for tungsten-SMIG
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Figure 3.8 Impedance values of the three materials propagating to different material layers
along with sound waves in the direction of sample thickness and their fitted curves;
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the direction of the sample thickness
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Figure 3.10 A fitting curve of the impedance of the tungsten phase impedance gradient
material with the time it takes for the sound wave to travel along the thickness of the sample
to different material layers;
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Figure 3.11 Afitting curve of the impedance of the fe/W phase impedance gradient material
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Figure 3.12Acoustic absorption coefficients of three sets of impedance gradient change
materials at normal incidence
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Figure 3.13 Acoustic absorption coefficients of three sets of impedance gradient change
materials at normal incidence
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Figure 3.15 Schematic diagram of sound absorption test of material sample: (a) Sound wave
is directly incident on the surface of material sample;(b) The acoustic wave is oblique
incident on the surface of the material sample
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Figure 4.5 Sound absorption coefficients of HLRPW with different lattice structures
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Figure 4.6 Sound absorption coefficients of HLRPWs with different modulus of soft coating
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Figure 4.21 The calculated and experimental values of the sound absorption coefficients of
the HLRPWs with steel tubes
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Figure 4.22 Sound pressure diagram of sound absorption peak frequency of the HLRPWs

with steel tubes
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Figure 4.23 Displacement diagram of the HLRPW with steel tubes at the frequency of sound

absorption peak
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Figure 4.24 The vibration modes of the HLRPW with steel tubes
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Figure 4.25 Schematic diagram of the sound attenuation of the local resonance structure of
the HLRPW
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Figure 4.26 Sound pressure diagram of the fluid domain of the HLRPW
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Figure 4.27 The displacement diagram of the HLRPW with steel tubes at the frequency of

sound absorption peak
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Figure 4.28 Comparison of sound absorption coefficient results of the different HLRPW
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Figure 4.29 The Sound pressure diagram of fluid domain of the HLRPW with longitudinal

cavities
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Figure 4.30 Displacement diagram of the HLRPW with longitudinal cavities
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Figure 5.1 Experimental underwater sound absorption coefficients of phonon glass

JRIIEIIR 7S A AR AN DU P R AR 7 BTt mT AR [ A o g 36 v g A 54
PEBH I, DRI H AT RIERG A AR P 7 B T R R = SR B, R AR S
PSRBT RN RS, BN BA DL B R PERE, Jir LLFS 1 338 w] F A BE B ki A1
B T BB E Tk BE — 5 T P 48 A0 SRR N, B H T JRy 3 34 IR RO 4
AFAE - -8 235 ) ol ) R IR 7 A IR 3 b 2 X 8 P 38 7 A R i 45
HAESR AR A PR HGE RS e R, HA R ERL e 5 — TR R AR
BELJE R 45 AA R 1o

P BN — R AL R IR A AR, i 5.2 () fs, AN
TG R R T S AR RO AR AE R 2 BCIR BRI B0 B R T, 751 B R
SRR EABESIM B B, MU &R BT MR s BRI,
LA 05 SR P R 5 2 e e L 5 ) 4 5 A P R i LR IR, LR 2 Y
ZER R RRE A 2 8] KR 1) S T BE IR B e KR AL IR e, AT 1 o H e B i
VERE. 734h, HRSEERIR R M 2 AL (3L IR 7 B AR R e A ve, HUR
LIRS A SR T IRB B ZUSE P T KR IRBNRE, IR Lo 5 T R (AL AT
FE, AT AT DASE I 58 ARBE 8 Rk .

104



555 & v B e R T 5 R IR VE RERT T

BREEE (o

(ERRE

NN
\ (c)
50 (40 100 100 100 100 80

e \ \ \ \ \ \
e @ @ @ @ 6 e

600mm

(a)

- TR R

B 5.2 FFEEABE SRR KLEIRRER: (a) BATFIEEMEEREIIREH
~EE: (b)) BFFEEERNRER; (o HBRRKARSEAE TR
Figure5.2 Phonon glass damping composite samples and damping test schematic diagram: (a)
Phonon glass material and local resonance structure schematic diagram; (b) Phonon glass

damping test samples; (c) Sensor placement for damping tests
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Table 5.1 Sample damping test results

ok Gl s AR AR
FHJE B [Hz HIE%  Bii%/Hz e/  Bik/MHz  BHJE/%
54 19.54 3.94 12.12 0.32 11.79 1.97
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Figure5.3 Mechanical equipment base structure model diagram: (a) schematic diagram of

base structure model installed in the vibration isolation body cabin[224];(b)model drawing of

the base structure
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Table 5.2 Development of vibration isolation base
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Figure5.4 Comparison before and after topology optimization of solid steel base:(a) 1/4
symmetrical mechanical model of solid steel base;(b) mass distribution of solid steel base

topology optimization
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Figure 5.5 Comparison of surface/floor steel base 1 before and after topology
optimization :(a) 1/4 symmetrical mechanical model of the base;(b) mass distribution of base

topology optimization
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Figure 5.6 Comparison of surface/floor steel base 2 before and after topology
optimization :(a) 1/4 symmetrical mechanical model of the base;(b) mass distribution of base

topology optimization

108



555 B B e R VT S R IR RERIT AT

000000

| ‘\ " 400

< 4
@
5.7 TH/RPARAVBIERE 3 EAMRACRTE A R () EHBIIAN — AR HM, (b) %
RS AMEAL B 5

Figure 5.7 Comparison of surface/floor steel base 3 before and after topology
optimization :(a) 1/4 symmetrical mechanical model of the base;(b) mass distribution of base

topology optimization
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Figure 5.8 Geometric model of the base: (a) geometric model diagram of the base;(b)

physical drawing of the base mode
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Bl R AT BRI K 5.9 (o) /RN, I B A T BT Ee,
W] B N R AR T OCHAT 2 R AT B 23 47, A5 H
WA, AT AT A TR 4], IR EEE ARG

=
B 5.9 RBIR T EXMEFEE: () RRTMEME FEBENT, (b) TRERES
fis () REBB/BRESF A -EHE

Figure 5.9 Diagram of test test scheme: (a) Distribution of sensors on test objects and

pods;(b) Panel sensor distribution;(c) Schematic diagram of test data collection method
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SR B Sl mh BELJE 6 e S5 AW L e 1) BT, 4nf&] 5.9 (a) (b)) Tz i S ier £ ahs
SR 758 PR SR TR P 5k P 49 R e B (e T B R, 20 3o el fe L v A 4
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Figure 5.10 Vibration isolation test of pump excitation steel base :(a) Acceleration vibration

level of pump excitation steel base;(b) Vibration transfer analysis of pump excited steel base

TR IR Bl A JRE U A IR SN FEE 2 G 1 5.10 (), il J Jo2 b T AR A skt 32
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=00 AE AR IR BE PR i R 1, T SE NS BT A e KR B o A
I, TRSOMIAG B b s BE AR AR, B SCRN 8 RE IR 4 5 22 5 AN L Ja B I i P
PR, XK IERIEEETE 20 -10000 Hz [ 47128 76 [ S A A B HR 14 BE -

Damping base
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Figure 5.10 Vibration isolation test of pump excitation damping base :(a) Acceleration
vibration level of pump excitation damping base;(b) Vibration transfer analysis of pump

excited damping base
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TR B3 R 15 (s B PR B 5.11 iR, B 5,11 (@) i gk X 3,
A 1YLl 0 B8 R 2 53T v Tk e A S 1) 1 B R DX 3, 7K SR U BEL 8 ik JRE B
THIABCRIAE B R D 3 P 4 A 22 450K, 7E IS B 20 -10000 Hz AR ) R 4 5
EEWME 511 (b), FRIRFCRI] BT HHEE .

ST B AR R 1 A R R P B R P A, R A i i R BB e R - 1 BT A 1
IE R, IR AR (5.1) TH LRI HR S 8 R JE JE R AR 0 v 2548
SR i BT B 20 -10000 Hz P9 11 1/3 A ANFE IR ¥ 25113 5.3, 3£ 28 4>
I p o [N, Sy S R T LB S JSE R 8 B R 1 BR AR PERE, 4% B R 5.3
FRIRICE R, 20 Hh T P JRE A N 1) 173 s ATUREE PO T o 2 i 2 v 722 i 2R, n 1 5.12
Iz

R 5.3 BIFPEEE 1/3 BRI NE B iR A% ZX R

Table 5.3 Comparison table of 1/3 octave acceleration vibration level drop between two bases

BRIz ANEE RIS BH e KRR IR 2K WA IHz P E-YR S BHJE -k

% 7£/dB % #/dB % 721dB Pk 71dB
20.0 -3.16 3.30 500.0 121 12.34
250 0.67 5.29 640.0 -3.39 4.67
315 1.79 4.71 800.0 -1.47 8.73
40.0 -0.26 4.35 1000.0 0.51 6.93
50.0 2.42 13.34 1250.0 2.04 7.32
64.0 -0.17 3.70 1600.0 -4.21 9.48
80.0 -3.33 3.33 2000.0 -4.16 16.89
100.0 -1.04 3.17 2500.0 0.72 18.13
125.0 -2.33 11.09 3150.0 -0.21 18.71
160.0 7.44 15.97 4000.0 4.76 12.90
200.0 9.59 13.20 5000.0 3.04 13.66
250.0 5.04 10.08 6300.0 -3.91 2.73
315.0 1.68 9.87 8000.0 -1.12 4.57

400.0 2.50 13.33 10000.0 0.63 4.92
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Figure 5.12 Comparison of vibration level drop between pump excited steel base and

damping base
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Table 5.4 Comparison of vibration isolation performance of the two bases

B & IRNEHAB  IRBNE LK #dB

BB R - THI A 90.58 22
BB -G B 88.29 '
FH.J& 25 2 - THI AR 94.37

12.93

B Je 5t Jo- g B 81.44

MNP FR RS e ) 173 (SRR 0 % 22 3% 5.3 A% 5.4 BN B 261K 5.12 Th &
2, PHE R PERIFRIREAE 20 Hz DA BB A &0 _EAOR T AN e o F L JRa A
B WS AAFAE R E N E, RPN A LA A BR IR I RE, FHE R —
ELRARRIRTERE  BAHE R IR T 22 BN OB, 7] BE2 BRI AR 3L o 5 g BLR)
AR I5T, 232 BN AR IR S, ReBORKAEIR, gl 7N B R HIIRS) I
Tot, IX A R]HUE I 1 AN 258 Joe (R R AR M e AN B AR  WIRB) I vk 2236 5.4 Z3 Al A
T ) R ) A RV 220 2.29 dB, FH S FE ) vk 22 9 12.93 dB,  FH B R 1Y
S8 R 2 S 2 A T AN RE P, 8 0 B 1 AR 0 v e P T 3B L JE e 3 ) 5 AR R

HE
anp
Ay
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5.5.2 RN E BERR IR MIA X L5 R 575e

AR IRA Lol A 22 o2 5 L Je 2 e P Bl ik 4 AR AT 4n e EEE 7. AR
B 5.13 R FTR RN AN 2 R RS R, SRS A, K
W 7 IS L A5 5 R AE 20-40dB, Ut B BIR LIS F2 I 11 25 U 7 0 A B ik P
TR EAS 5 R ECR . MRS A T TR IR PERE R 5%, MIEL 20 -10000 Hz
HER PRI TR AR s B9 B0 0 3ok 52 2 4 ] 5.3 5.5 H WA (2R, [ B 0 EUA [] 43
RIS BOINE R an & 5.13, 5.15 HLA LR IR. HAME 513 (a) M
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Figure 5.13 Comparison of panel/cabin mean vibration levels for shaker excited steel

pedestals

PIARHIL B0l AL JRE I A5 O AR S N3 P 2 n ] 5,13, il Ak Joe b TR P e 2
PR CHE O Rk ANah % i BN BL LA B IR LR (21t riZk) FeAHE
B IR JRE AU IR S I BCAT BRAIK, ATl 5.14 2 I HCI M =R Y 1 A 1 28
=00 2 AE AR BN EE IR R 2R P e SRCIRATL Bl A ) B JRA I, T AR e
B E g E IR B » B e 58 I 2 5 228 T 0 ik R o 41 i R IR 00 A2 A
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Figure 5.14 Panel/cabin one-third octave level comparison of the shaker excited steel base
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Figure 5.15 Comparison of panel/cabin mean vibration levels for shaker excited damping

pedestals
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Figure 5.16 Comparison of panel/cabin one-third octave vibration levels for a shaker

excitation damping base

PBARHLIUR PR JE Ji J3a I 45 1 g B2 PR 2 an 18] 5.15 A1 5.16 P, Bl 5.15 HiE
0 2% DX A AIE PRIl N P 39 25 43 A7 v PR R I S PR A B 2 X3, IR L ULl
BELJ& L2 IS, THIASORIAG B b Rin i FEAR A Z2 0K, #EMAARBL 20-10000 Hz 43t
BB IR FUR B 0 5.16, B4R BUR W] BAL TAN Lz .

N T IR b AL AR P R AR L e, AR AR B TR B 2 i % BT A5 1Y
IE R, EIRAR (5.0 T HSRAGHNEE JRE I JE JE PR I 3R 0 v 2218
SR e B AT B 20 -10000 Hz P9 (1) 1/3 fEAIFE IR ¥ 25113 5.5, 3£ 28 4>
S s o [RINE, S S b e LB S e RT3 (1 B R M R, TR 5.5
FRIRICHE R, 20 Hh T b 5 JRE A IS 1) 173 A ATUREE PO ok E i 2 v 72 i 2R, n 1 5.17
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% 5.5 PIFHER R 1/3 FE PR N B iR g ¥ 20 R

Table 5.5 Comparison table of 1/3 octave acceleration vibration level drop between two bases

BRIHz ANEERE-IR S BH e JRE-R 2K B IHz PASL IR BHJE Sk IR

¥ Z/dB 7% 221dB % 2/dB P& #1dB
20.0 -0.40 5.19 500.0 6.18 13.19
25.0 441 7.02 640.0 -0.94 8.33
315 3.12 4.92 800.0 -3.43 14.32
40.0 1.47 4.11 1000.0 -4.72 5.64
50.0 0.66 9.25 1250.0 -3.61 4.95
64.0 0.56 5.60 1600.0 0.54 14.37
80.0 -0.76 8.27 2000.0 3.96 18.51
100.0 1.46 9.58 2500.0 2.94 17.02
125.0 0.69 6.44 3150.0 8.41 16.39
160.0 3.30 10.07 4000.0 8.15 20.01
200.0 2.85 10.10 5000.0 2.74 19.53
250.0 4.35 15.26 6300.0 -2.88 15.85
315.0 531 14.48 8000.0 -6.63 10.96
400.0 5.75 15.06 10000.0 -10.39 22.57

{|—=— steel base
—e— damping base

15

Vibration acceleration stage/dB

Frequency/Hz

B 5.17 SWERALIBUR) A2 BRI ELJE 222 i F) 3% e 9 220 EE
Figure 5.17 Comparison of vibration level drop between excitation steel base and damping

base of shaker
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R 5.6 PP BE IR IR M RE X)L

Table 5.6 Comparison of vibration isolation performance of the two bases

B B EahEKkAB RSB HIE2IdB
N A - THI A 119.08

3.59
BN - B 115.49
RH J& 2 & - THI B 125.49
14.53

BHLJ& J 3 - i B 110.79

MPRTNEE ) 1/3 SRR G % 25 (13 5.5 FI3E 5.6 BNt sk & 5.17 HH &
B, PHJE L B R R TE 20 Hz DA RSB A4 BB KT 4N RR o o AW e AE
B2 WA A AFAERRIR BN, R AN A AE BE AV R R P B, PHJe 5L e 5 —
B FIRTERE . WIR S A 8 2535 5.6 /3T AT 1, XL JRE (1 S 7% %24 3.59 dB,
BELJE R AR 1) S T4 720 14.53 dB, FH Je 5 Ja ) R b Mk e 5 AR T4 e, 700056
UIE 7 %5 U e AR P - 3B OELJ 8 2 A 1 B AT AR 1 R o LA L 5 e R0 2 o 1
PR R T ZORAR IR, AN TF) 2 Ak 3 B RAE MR A R |, BHJE BE eIk 1
T HIBVE AR IR AR, 153 T SESRR IR AR, Ui T AR R AERR IR _EAIAE
BT AR, AT LA SO B 3 R B A R

5.6 I\&E
AREIEH T REBE T — R IO K5 5T BE B S e, BRI 45 R
H L HELE 20 -10000 Hz #5351 9 3 22 5 g AT ik /K B2 30U T Y 12.93 dB, ¥
PRALBRI T 1 14.53 dB, 7K S ARG X i) 32 2 1 5 20 % 22 9 2.29dB F11 3.59
dB, [F]I B JE JE AR B AT 500kg, HoA ey wik P Je R R R, W08 il 1
5 5 FH JE X — W J& B 1 28 e o S G ARIE 9T AT, FH & 5 R AR 1t Re A5 2 T
PR TH -
(L PR msm A S BB R4S A E— i, JF il mBFtRFA
2 T B 5 S T 5 AT B A%«
(2 FLJ& J= P2 1) 58 P8 b TSI R e ) P, e g et i 2 e ) 3 S 4
IR .
PRI, 306 % EAT o i E e BELJE (A R T AR, [ o 8 v o B PO R Rk a6
JEA MR T TR S —Fh g e i e BRI 1 R R B2 TE 77 2, W A B 2 [ R T e
R BEARN IR B A% 32, 7 B8 T AR 0 4% B PR O B IR, I LRI HE )™ 30 2249 2
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i {45 Dirac 4432440 FERS o 1 FL3 KRN/ AT 75 fis 1R oK /N T AR
ARIMEAR . BN, REIE TNSER I ERIEIERFRAD BRI IARE,
RINTCH; BRI FR DB A B SE 5 7 FL I, 145 A7 BRI 46 e Bk T
B ST . [FRI ES SRR MO S, Wt T A Z B SRR, R U
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F LSS RO — AN B NI DRI IRIE TSI R RN, 1584
SER A FLIRIR FRAG, AR RS B RE AR AR e o o i A3 IR ) ) LA 4
tZH, AT DA R SRS AR, AT (8 A5 IR R e A2 A4k, g
REATES 2L, 7 AR SR AR AR S A S TG S S R S ) A A, ST 75 Bk P
AR

6.2 £-T matryoshka Z5¥aRY AT ALE Dirac #EE TN RS IA
6.2.1 22 matryoshka Z5#4

7 matryoshka £ 6.1 (a) Fw, BEAGN—ANBEA =AT7 I
R, AHSRIF AR AR 120° , A DLEVE—AN B =300 LI E 2515 HR
5, SNEHEFIAE IE NI T dibks i o FF F B N 24208 r=6mm, 4h2148 5 R=8mm,
R SERE N W=0.4mm, O HOL SRE TR MAN o (0<a<n/3), s
¥ a=12mm. Bl 6.1 (2) HHAGES BN, EikEE P AN,
At B 3 Wt I 25 A 38 A BROG T SL IAEREB 3O 1 S p=1.25kg/m”,
FEIH c=343m/s; fNEEHIBEE po=7800kg/m?, i co=5100m/s. HiT 4% FN4H4E
R BRI SR BOR, 208 TN BT DI TE .
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Figure 6.1 Single-layer Matryoshka structure and its band structure: (a) Single-layer

Matryoshka structure layout; (b) the calculated band structure

K 6.1 (b) KR IRa=n/9 S THER R, BLRERR a=n/6 ZF TS
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Figure 6.2 Edge frequency of an acoustic system with different rotation angles a
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FrEwie, W NAGNEE Ko BAAMN TP IERE. S MA o
I w6 W, AR A A R, CFILRE A T At F AR AR AR,
XPRE ARG A FAT T /6 REFRIFIIERE F1 (10 75T T bt [ (10 St AR = 2
B AR A5

B 6.3 BEMBRSAMEE DM () [-11-1 HBEREHHATEER (BL), HPK
LTRSS, TMEBEEM N TAEE: (b)) A Lias Rias Ly R daid K UANRLE
B EAI5
Figure 6.3 dispersion curve and intrinsic pressure distribution: (a) I -1I- I type superlattice
interface dispersion (dark lines), the grey line corresponds to the posture, and the color line
corresponding to the edge of;(b) using the L1.1» Ri.r» Lr.1» Ru.1 tag eigen states of four
pressure distribution
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B 6.4 EAnAE: (a) 17300 Hz i Z BB pEENE 07, A TAGEERS T HEEK
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Figure 6.4 Pressure distribution: (a) Pressure distribution of Z-type bending channel at
17300 Hz. The lower right illustration shows the height chart of sound pressure; (b) Pressure
distribution diagram of the right boundary along the Y-axis
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Figure 6.5 Two-layer Matryoshka structure and its energy band structure :(a) Two-layer
Matryoshka structure layout;(b) Two-layer Matryoshka band structure
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Figure 6.6 The effect of Angle on the frequency of topological states : (a) The variation of the

frequency of two topological spin states with Angle a;(b) The frequencies corresponding to

the Dirac cones of the double Matryoshka structures with different p angles
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Figure 6.7 Diagram of Graphene-like acoustic structure: (a) Helmholtz resonator system

structure (b) Helmholtz resonator structural unit cell (c) Detail enlargement
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Figure 6.8 helmholtz acoustic band gap structure of metamaterials and Dirac pointAr=0
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Figure 6.9 acoustic system with different Ar with frequency and colour illustrations shows Ar

= (.25 and Ar = 0.25 valley state q+ and p- absolute sound pressure distribution
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6.10 PFIRERFE: (a) /WEHFE; (b) HKRFREFE

Figure 6.10 Two types of interfaces: (a) sawtooth interface; (b) Armchair interface

(a) (b),

Frequency/kHz

T
-n/a 0 n/a

Wave vector

6.11 (a) BN BFHMHWREM;: (b) BE AR B KEES A

Figure 6.11 (a) Band-gap structure of sawtooth interface; (b) Sound pressure distribution of

valley Aand B
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Figure 6.12 (a) Band-gap structure of armchair interface; (b) Sound pressure distribution of
valley Aand B
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Figure 6.13 (a) Z-waveguide pressure distribution at 3200Hz and (b) 3260Hz, (c)
Z-waveguide pressure distribution with defects at 3260Hz, and (d) rectangular waveguide

pressure distribution at 3200Hz
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Figure 6.14 (a) Archimedes helix; (b) helical sonosubrystal structural unit; (c) helical

sonosubrystal with hexagonal honeycomb distribution
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Figure 6.15 (a) Energy band structure at t=0cm; (b) band structure at t=0.1cm, illustrated as

a lattice cell at t=0.1
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Figure 6.16 Variation of g+ and p- state frequencies with t in the Brillouin region at K point
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Figure 6.19 Pressure distribution diagram of Z-type bending channel at 2000Hz
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