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Abstract: When the structure size is reduced to the micro- and nano-scale, a new mechanoelectric coupling
effect, the flexoelectric effect, cannot be ignored. The governing equations and boundary conditions for the

sound insulation problem of thin plate acoustic metamaterial structure with the flexoelectric effects were de-
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rived by means of the variational principle. The sound insulation curves of thin plate mass blocks were predicted
based on the Kirchhoff theory. The effects of flexural effects, geometric sizes and mass densities on the sound
insulation performances of the structure were systematically discussed. The results show that, for the micro-
and nano-scale structure sizes, the flexoelectric effect significantly increases the sound insulation valley values
and peak frequencies of the sound insulation curves, so it is necessary to consider the flexoelectric effects. This

work provides a theoretical basis for the research of noise control in MEMS.

Key words flexoelectric effect; thin plate metamaterial; sound insulation characteristic

0 5l £

SEAE S, PR T T8 T 2R LA 1 75 D Ve B 1 0 T 0 e MR R 7
FEBERE B0y = R 1) I P S 1 R . b TR X 7 A O (8 ) R S R
KT TR 3 59 % 7 25 5 I 755 RO 75 28 50, 2 910 30, 75 S 9 TR MRS 7 T, 2013 41, M 52 72 B 5% it
SRR R TF T —ANFL, % BUIF AL 5 AT 8K 1T DA B e s 7 A T L0 IR T L 2 38
3, LSBT HEEL 7 A SR T AE. 2021 4F | Park S50 25 £ I 15 5200 | SCH0 T 1 ik He 3030
) 5 2 B 7 2 R AR T Yaao 5 7 T WL Mg S B Dirudle 20017 1R 56 1 22 5% LS00 11024y ol 26 1
S RECSS FHAESE T AR LT (— 2 SR 09030 ) 70 5% 5k 28 3 10 47 7. 7E R IR 8 A 7 T, Meei
50 ) S 7 M WO b A0 T T 0 R e, A 390 T — ol ARk B | LA AR O R
P B AR A 5T 1 500 1 0 AR T 7 10 225 M T A T e ) — o 2 bR, 2 T A Be bR
SR, ELAT T SRR AR L 4 1 3 L

NG RBE AT, 245 R PR R~ IN S S 8 K S BT, 5 4 1 B 5 o 250 o715 R -
5 2R ), A Bl FH 28 0 4 5 R L T 0 K 8 1 52 B 22 3R 7 236 10 38, bl A7 76 128 O HLEL B 22
O RO K IRRE H R | B R 5 A K 2 L 8 A% o A KWL PR, 28 B A B AT
T HFSC RO R, ARSI L TR R ML 40K Sy R LR A S . I 4h , 1% ) T 4%
S 19 FE LA, 5T 2 T S XA T 10 5 0 AR 5 1 280 7 4 g — 50 1 o
AR, R R T S AR ASHA T 10) 22 1Rk B PR 2 B X T P K A B, F 84950 R A5 32 o
AR £ SR T TG A I v SR X T2 R A e PR R 2 HOR T 1 A B 32 76 5 e 1 A1) o
B MR AL 5 TR MO S8 20 AT PR 0 55 500, B o 3 0 DO sl i, 2 2 i o
N A7 E T AR T 5 O B T HhL N 5 A B R LY, R 5 40 K 3 R U L, Bl
FEL 207 LA ) 501 SR BE AR AR B 25 4 K S5 RIS BB/ , B8 PR B8 T — 15 19 R < 34097 Zhang
Fil Jiang [VBFSE TR HLA KRR AE S M M AR T T 25 A5 . Shen AL Hu ™ % B T 44 KA TR 1O LG A5 I
H 7% P P2 TR PR SEMAIENT S ML P B0 43 B 0 T 96 % 5 76 Bk R T e
PR 7 45 0 3 A R S S T 220 8 I T 7 T 70 7, B 50 AR 74 i B, 226 A9 84 0 4004 2K
R G5 TSR — AT 20 b ok RS b B P R £ 285 R T 22 B0 0 HE ) T, FI TG
Tl K R (5540 75 R A DR T 86 % 1 b S, e R0 AP A 5 315

A SCH S ST — AT % A K I i Y e 007 1 AR 55 7 A A B 3 S B
SET A FOSEAR TG | 75 S B bR OB R Kirchhoff MM BRIE e 5 161 i i 26 7
BT 5Bk e b 45 10 R R AW 8 T e e R0 65 M2 50 3 Fk A5 I 75 I 2% 0 2
B

1 AR5 S

11 ZERE
AR R BRES R AN P 1 7 PR AR % BRI AR s B Jo i R AR D ] A [ R T B TR



1072 A R~ G SO | ) = 2024 4 5545 45

Jr 1N 2 Sl AR b, BUEBRIEEN b, S TR IR 3087, R Kirchhoff AR BLIE , 2008 1 AR
T SR RE 5 1) B B D) AR

B B B B g i s B 1

Fig. 1 The additional sheet mass block structure diagram
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Fig. 2 Structural plane diagram of the sheet mass block
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Table 1 Material and structural parameters of the sheet mass block ¢!

parameter value
plate length L, = 500 nm
plate width L, = 500 nm
plate density p, = 7500 kg/m*
plate thickness h, = 10 nm
mass block length l, = 50 nm
mass block width L, = 50 nm
mass block density P = 7550 kg/m?
mass block thickness Rpess = 100 nm
elasticity modulus e = €y = 1.26 x 10" N/m?, ¢}, = 7.95 x 10" N/m?, ¢¢s = 2.325 x 10" N/m?
piezoelectric coefficient €3 = ey =— 6.5C/m?
flexoelectricity coefficient fis = fams = 1 %1077 C/m
dielectric constant ap; = 1.302 x 1078 C/(V-m)
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