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Fig. 1. Material structure: (a) Structural sketch; (b) structure parameter.
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Table 1.  Piezoelectric material parameters.

p/kgm?  $E /m3.N-1 dy/C-m? el /JF-m~!
7500 1.65 x 101 -2.74 x 10710 3.01 x 108
2 MRS
Table 2.  Material parameters.
Material p/kgm? E/10" Pa Possion rate
Silastic 1300 1.175 x 10° 0.469
Steel 7780 21.06 0.3
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Fig. 2. Cavity structure.
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7 458.62 14 1148.40
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Fig. 3. Transmission loss curve.
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Fig. 12. Vibration mode diagram at sound insulation peak:
(a) 185 Hz; (b) 485.6 Hz; (c) 969 Hz.
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PRI, A 1 503 A s
PN (P AR AL, SR PR
K.

13 BESE AR IREEEIE (a) 115 Hz; (b) 457Hz
Fig. 13. Vibration mode diagram at sound insulation peak:
(a) 115 Hz; (b) 457Hz.

& 14(a) fif /RN 687 Hz B 28 4b 454 1 4R 3
RELCIE, X T2 8 BrRefE i, aLUE 1, HY
[l 13(b) MR S, FR 7S A 7 A HL B 26
L, 0 TR AE7E, BRI sl i A/, il
HAFRT T 5. K 14(b) i A 969 Hz B = 43 Ab
ik s, T LUE H HIRSME S 896
Hz [ 75 0 Ak i 4R B8 5 R R ARL, R el
PR 5 e — 4R B, (RO AE 896 Hz
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PG AL I TS A 1 i S 5 5 ) B B T AR R B
S WO AR I 7 A e B AT DL BRI, B2 TR
969 Hz Ffi5 28 Ak, 1 321 iR 2 1) 3 i -5 6 7
Bl AR L T H R M P , i A e i Ak H
BeMELL T VAT, SO AE AR e ih 4k 230
B 4. 5 WL A A 4b T 1120—1136 Hz
BRI N B R4S, 8] 14(c) My 1129 Hz AL AR 5h
P, & 14(d) S 1136 Hz AR s, 78
1129 Hz hb&5H) Rk 33 dB ML, ‘B
HTE 1136 Hz 2RI TR, 3 X R AR i i R A
T B R TRISRAAIR s 4R 0 T30, SRR R
SR AR S I WS 43 1) 4 2 1 R iR e R S0OHH 45
BF, MR AR BT, Rz, ISR &5
R TR

14 A A SEERUR B LN IRIBAXE  (a) 687
Hz; (b) 969 Hz; (c) 1129 Hz; (d) 1136 Hz

Fig. 14. Vibration mode diagram at TL peak and TL sud-
den change: (a) 687 Hz; (b) 969 Hz; (c) 1129 Hz; (d) 1136 Hz.

TE 229—235 Hz fHir Bl 7 — ks A4s, H
Hr 229 Hz 19 ¥k 2h B 218 a0 1 15(a) BTz, 235
Hz RSN 15(b) Frzs. M AG S 461 2k il £&
Ha] DU TR 229 Hz B, Z5A6 4440 2 Uk S,
{BAE 235 Hz it 2R TH . WER Al LIE S, 9
(PR BB R AL, AR IR e v LISPATF
3 W R0 e Bl ) e sh iR B, (R T DU B
H, 7E 235 Hz B, 45K 0054 5l B8 430 R v A 19
Hhihek | X B, 7E 235 Hz I, 45 HIA 4R 3 5
LR T Hash” fsE s, Mife 228 Hz i, e A
it P8 R W AR ], ol A5 228 3 Ak — 3% e DA AR EL R
(R E PN

5.3 Fano iR 4558 A= 1 RERI R2 T
ZRE TR AR 5 AL i Ok i 2] LUK BE,

(a) (b)

Blo15 e A AL R S BEIE (a) 229 Hz; (b)
235 Hz

Fig. 15. Vibration mode diagram at TL sudden change: (a)
229 Hz; (b) 235 Ha.

SERBTE A4S R IR AR A () A% i 401 2 R AN [R] O
ik, Blan s B PR | PR, LR g As A
5.2 1T 2 MBS BT B AR BEDHE T H ™ A HLE,
X Fano HE4RAG A B, MR REAEAS [ AFAEA 3240
TR 2R R AN [ AIE 1 D A
RPEEIRHIIEA R, HePR 7] LL53h Lorentz 3
Pk 5 Fano 4k, Hrh Lorentz 4 H i Jr— e
A, TERHE H I PRAIEZIAR, anaT SCRT iR rY
‘PR | BRGNP R RS
HIFEA, 2 B Fano JE9R, BIAE A0 1E Hh 2 30 1
EXTFRITELICAR, B AT SR ) “5E48”.
Fano resonance(FR) #E &AL i+ & 7 P 4
I, F 1961 4F #% Ugo Fano #2 i} BY, J-15 3| T
Fano iFRI A
+¢)?
Hw) = (3 + sl ’
Horf I(w) 2l B % ) ; ¢~ Fano 2 31 (Fano
parameter), HiE A PR EAR T 5T A5 2 L
{8, W45 Fano FLPRMTEAYAEXTFRME; e IH—1k
F RS ATR . (€] 16 Frs i Fano SHUN A, FRAE
ST B AR e O 2. DA OISR T A 2
q = OB, 7655 fE 450 2 B 30T 0 450 32 ) o7 5 3
Lorentz 4R, XBFHF ¢ = 0 B, PIFIALES
A BRSO, MUKAFETWIIEN; X ¢ =
+ 1 IF, MO PRS2 1Y) RE St i A T, AR ) 3
IR ERY Fano HE 4R i JE X FrRe . W2, 24
q {8 3% W ] T J0 55 B, B0 e f X 4x A8 Ry
Lorentz JL4RE .
J5>k Fano LR mME S R GG B )
el VA3 B e T Nl TR e AN S IR R
IR EHFR G BTG DL T, AREXT A SRHIBE (14 e 1 1
. W FPABES AR AL AR, 2 3 AR

(18)
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-8 —6 -4 =2 0 2 4 6 8

% 16 Fano 4

Fig. 16. Fano resonance.

M A, ST 2 AN 2 T PR 5 B S, Y AR
FETEMIGLZERT, 2 W BTV AR I O, 7Eik4krh
T RAE, SCE PR SR 1A 157 e 1z A
SRP AR AR P R 2 A KT, D2 th BT
ST IR R R S B I DL

FEXT R R A AR RIS A v R B, 29
I A2 B35 v A0 3 7 0 YD B, R %) i B A A
“OYE IR, BIANEE 10 B 55 14 B ds,
FIES 1R 4530 20 & B R AH B ST (R 3, 3X Al ST Y
PRl nl LAEAE A SEIAES ) 76 W5 AL #5 o 72
W oA S AT AR .

KRR, T AR N Fano £
BN, AR AN (], 52 BOEEAS R AR A
Jr B AS ] ) SRR . 9 e 4% B e 04 S B e 48
AL RN Lorentz LR, 78 216, 1251 Hz R
JAEXTFRIY Fano SR, [WHT 896 Hz b 75 i
5 969 Hz bf 7 45t 7] L& A Fano Z803E b iy
Fano L3R,

6 £ A5 Hoxt £ I A I R BT B o
6.1 FEFF RO BRI HI R

B 17 JEoR S e E R O 5 om A R E, 20—
1200 Hz SB NS5t i t& ik th 2. EIHRa] %,
J EL B o X 45 4 ) AV o 75 1k RS2 i 5 /)
EE X S5 4 B e b s MR R gk, IF L, g
m AU A5 Ak, 7E 458 Hz Kb, 4546 4 be P B 4B 23
4712 dB #) ETt.

Z T DAL R 2 B R AR Ak, T
R AR AR AR X o (B R0, R0 00 R O A1 38

90

——0.002
} - —-0.004
i -+++ 0.006

Transmission loss/dB

T T T T T T T T . -| T T 1
100 300 500 700 900 1100
Frequency/Hz

B 17 B4 m = 0.001, 0.004, 0.006 m
Fig. 17. TL curve m = 0.001, 0.004, 0.006 m.

m (AR AU, B 18 Iim i m = 0.001, 0.004,
0.006 m I AR & HH AR AL

1200

1000 +

Frequency/Hz
IS o ®©
S = S
<3 <3 S

[V

o

=) o
L L L L L L L L

T T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Order

K18 ARSI
Fig. 18. Eigen frequencies.

WA 17 s, Hoi R i 0 X) 300 Hz LR
H ARSI ZE 52 e /N, 3 AR 300 Hz DLF Y3k
PRI RN TR 8, i TR T R
K, FRHL 8 O % <33R T R G 0 S A
FERZIA AN, 1Nl 19 iRk m (B[R] 56 By
FRIEA A RS IR, AR S0 R R H iy 20 ] 6]
— AR B TR SN, Fe R R A X L M AR,

(A AR R B B4 500 Hz DL_E Y HFAE
BRSBTS 43T vl AT, 500 Hz DAY
FLPRASRIN N BRI HR B, e A AR Y R L A D)
STE—ERRE b or R R, U R S 7
B, TSR RRIE A .

JAE 18 Hrt ] LU B, m (B BRCAR X 2546 Y 55
LBFREEAIR AR /N, IR TS 7 BRI R
JE i HE L AME ) LC B Ir e e 1, S5 Y
P TCO, A5 TCIE mAE A 254k, 7E 458 Hz [}

134302-9


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 68, No. 13 (2019) 134302

6.2 BERSHREEHZI

Xt AR e A AR T =, — HHEE
5, FLPEREME Rl [ E . (FRAMR R IA T
P BPRE, AT L A oA S FL I Y 2R R 1 A4

(a) (b)

(c)
B 19 SHEHHLRES  (a) m = 0.002 m; (b) m = 0.004
m; (c) m = 0.006 m

Fig. 19. Fifth order vibration: (a) m = 0.002 m; (b) m =
0.004 m; (¢) m = 0.006 m.

(@) —R=1

Transmission loss/dB

T T 1
458.55 458.60 458.65 458.70 458.75

Frequency/Hz

(b)

H . ' o

[ = =) b o S
R 214 kX "X N &
z i | t
> 4 I I 'II Il I
§ "ll ~ ~ 0 ~ ~
= il X
2 | h
7] [ 1
= il t
CIRCERE .
=1 ! 1
@ ! [
& T T7

] y

¥

T
456 458
Frequency/Hz

F20 B 2 BON IR I B S B R Al (a) A A HBH
(b) AS[] L JER

Fig. 20. TL with different circuit parameters: (a) Different
resistors; (b) different inductances.

KA TERE, A H BB T4y g TR . &l 20(a) A1
& 20(b) 435I A 4MNEHRBE A 1, 10, 100, 1000 ©
5 ANEER K 200, 201, 202, 203 H I 45 4 14 B
P

M 20(a) AT LAF Y Rl L BE ARG K B
T U A (BN (MERREAE L = 200 H), Tfik&
UG A o7 BN R A A . W /N P D P S
REL A 34 o8 Fi R I 3 1 k5. AAIE 20(b) HmT LA
F i, BEE RS R (R R = 1 Q), W 1z
FARAAAL 3. X 2t T LC PR i 3% A s R A R

%
1 1
f=mVIe (19)

WA HUBME RIS R, IEIRIIR f, B/

g

T % #®

ARSCBET T —FhBE T i H R} 9 TR 7 2
BERE, ASRNEEEIT

1) A BRIT A A T 25 M RRIE AR 5
201200 Hz H B B 75 5, & I RL A 3
PR PERE R AF, AAAEPI 50 dB LL_L fRRE  UE A
— AT R, JRE L R IR T A BRI AR
LA

2) FENL T A A5 KA T B IR A A A A
It B A FROTIE S T A B 288 kR
FIAEHR R I 5 RIS, 1he T AR R A AL
i, FFilad Fano LIRS MRS T ALk <o 487
H LA HLEE,

3) TRIE T HL A 8 ) 55 e M BE 1Y R
I A SR, SEB T AR RE A AT TR .
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Sound insulation performance of thin-film acoustic
metamaterials based on piezoelectric materials®
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Abstract

Aiming at the isolation of low-frequency sound, a kind of thin-film acoustic metamaterialis designed and
obtained by implanting PZT into thin film. The finite element method (FEM) of the structure is built, and
1%:-14t" order eigenfrequencies and transmission loss between 20-1200 Hz are calculated. The reliability of finite
element calculation is verified experimentally and the existence of adjustable sound insulation peak is monitored
in the experiment. The results show that the acoustic metamaterial has good sound insulation performance in a
frequency range between 20 and 1200 Hz, and has two sound insulation peaks of more than 50 dB, and there is
a sound insulation peak which can be changed by adjusting the parameters of the outer circuit. By analyzing
the first resonance mode of simple structure and building its equivalent model, the effect of structural parameter
on the sound insulation performance of thin film acoustic metamaterial is investigated theoretically, and the
rationality of the equivalent model is verified by the finite element calculation. The sound insulation mechanism
of the structure is further illustrated by taking into consideration the eigenfrequencies, transmission loss curve
and vibration mode diagrams at various frequencies. It is found that at the resonance frequency, the flapping
motion of the film will cause the sound wave in the subsequent propagation to cancell the interference, therefore
realizing the attenuation of the sound wave. Based on Fano resonance theory, the reasons for the different
characteristics of transmission loss curves at different resonance points are investigated. The PZT and outer
circuit can form a LC oscillator. At the resonant frequency of the oscillator, the vibration of the piezoelectric
material can absorb the energy of sound wave to cause a sound insolation peak. The resonant frequency of the
circuit can be adjusted by changing the parameters of the outer circuit, thereby realizing the adjustability of the
sound insulation performance. The influence of eccentricity of piezoelectric mass block on sound insulation
performance of material is explored, proving that the sound insulation performance can be further optimized by
improving structure. And through the finite element calculation, it is proved that the sound insulation
performance of material is adjustable by changing the parameters of the outer circuit. The results provide a

theoretical reference for designing the thin film acoustic metamaterials.
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