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Abstract; The concept of metamaterial is introduced into sandwich plates to solve the low
frequency vibration reduction problem of thick plate structure, and a type of sandwich type
metamaterial plate is proposed and theoretically studied. The structure of the proposed plate is
mainly composed of sandwich type periodic base plate and embedded with sandwich type periodic
vibrator, so it has the characteristics of light weight, high rigid, thick scale and low broadband
vibration band gap. The generation mechanism of low frequency broadband vibration band gap in

sandwich type metamaterial plate is studied by using a finite element method (FEM). It is found
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that the local resonance mode of the sandwich type vibrator and the Lamb wave mode of the
sandwich type periodic base plate respectively dominate the system response according to the
modal superposition principle. When the main modes of the plate and vibrator are coupled to each
other, the vibrator suppresses the main modes of the sandwich periodic base plate to make the
waveless propagation mode in the sandwich plate to form vibration band gaps. The equivalent
stiffness of the sandwich type vibrator is the main factor affecting the characteristics of the band
gap, and when it is a mixed stiffness mode, the position and width of the band gap can be
adjusted together to form a low broadband vibration band gap. Simulation results show that the
designed sandwich vibrator has the characteristics of serial-parallel stiffness, resulting in two
equivalent stiffness modes in the vibrator. The two modes adjust the position and width of the
band gap respectively at the same time, and finally widen the complete band gap by 7 times at low
frequencies. Experimental results show that this type of plate has a good low broadband vibration
damping characteristic. The proposed sandwich superplate integrates the advantages of sandwich
plate and meta-material/structure, realizes the unification of mechanical bearing and low-
frequency band gap vibration reduction, and provides a new idea and method for low-frequency
vibration reduction of thick plate structure.
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Fig. 1 Schematic of sandwich plate
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Fig. 2 Illustration of the proposed metamaterial plate
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Fig. 3 Schematic of the sandwich periodic substrate based

on 3D printing
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Fig. 4 Samples of the sandwich vibrator based on 3D

printing
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Fig. 5 Samples of the proposed metamaterial plate based on

3D printing
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Table 1 Material parameter values used in the calculations
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Fig. 6 Band structures of the proposed metamaterial plate
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in the range of band gap frequency
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Fig. 11 Transmission process of the out-of-plane excitation

outside the range of band gap frequency
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Fig. 13 Vibration transmission characteristic of the proposed

metamaterial plate with epoxy substrate

http: // zkxb. xjtu. edu. cn

151

7400 100 200 300 400 500 600 700 800 900 1000

AR [Hz
P14 5K e o 70 Al 1 iR 20 4% s vk
Fig. 14 Vibration transmission characteristic of the proposed

metamaterial plate with steel substrate

4 I AR Y S e KL

i 3 b 3 M AL SR IR T R E AT B R R
fh 3 PR R LI A I A AN AL R A A BB AT T L
L CHL O R i 4 B S A B R TR sl i —
A BIF 5 IR 5 Xk B %) 52 e R G B A B
P TTE . W T IR IR T i R o S T B e et A
P R B HE SO R B s Ve SR AR A e AE B A,
DR a0 531 LA o i T B e S AE AR Z T D/d
FLEH B 5RE A BRZ I du/dy WS EHER K
AR T X AT B A S T 5 R AT S B IR 5 XA B
R M ML P 15~ 18 frai .
300

250

gzoo—
150 )

100 \'\
50 L 1 L

1.00 1.25 1.50 1.175 200 225 250
dy+d,
B 15 S RAEEHRZ L du/da KT TH PIAH B 52 10
A
Fig. 15 Evolution of in-plane BG in the proposed structure
with the ratio dy/da

M 15 FilE 16 dhn] LU H bk B 5 £k
AHRBRZI du/dy 1 BHETZEZE 2.5 B, Je i 4z
FAR AR L B e S Y A L M R R K TR T P
7 BRI A0ty B A 3T JF 057 B 5 0 A IG5 AR 00, 45
TEHB W AR 7S, R, 38 2 8 e A g R s A
FRERY R SE I Z AT AR A5 H A B A0 45 b ek

ME 17 FE 18 Hhnl LA Y, 24 5% 5 5t
HIOWHHEBZ W D/d N 1.25 Z#i L E 2.5




84 75

P
%

SNV NIE S

555

1225 1.50 1%75; 2.00 2225 2:50
dyrdy
K16 SHE S RAEBHRZ I du/da X ST B 052 00
Pk
Fig. 16 Evolution of out-of-plane BG in the proposed

structure with ratio dy/da

I St i 1 A8 B BT e 8 A Al LE W T
IR THI AV BRI TED A1 B 64 T 0T 00 ST AR S T
P« i ST g = IO A SE A B L AR . R
430 2 Y e IR 45 F R R TR I A
RS OC 2 TR AT H AR B

300

250
g 200
1501

100

50 :
1.25 1.50

1.:75 2.2)0 2.'25 2.l50
D-d'
17 BRI R S e A B Z L D/d X A A B 2
M L 1
Fig. 17 Evolution of in-plane BG in the proposed structure
with the ratio D/d

300

250

g 200
150

150 175 200 225 250
Ded'

18 i R 5 et At BAR Z L D/ d ki AM A BRI 52
M) R 72
Fig. 18 Evolution of out-of-plane BG in the proposed

structure with the ratio D/d

5 4% 8B

I T T 00 225 g A 3 i S s S R A 4
T e M TR B 4 b SRR Oy o R AR T — Rl
YRR R A ——— S TR T 3 S A A T 4

http: // zkxb. xjtu. edu. cn

CL 3 5 300 SJe o8 Ty VA o 14 e 5 7R ) ) i
HAT e B M e Lo W 32 25 235 K 08 A (] I B A o
TR ST P R TR S R A S A L 3 A Al AT A A A
ol HAT e L P B2 P 1 AR 5

(2) 38 52 e 887 T A0 Al 1 et IR 1 LRI B
3 IR A o LA i 7 o T Sl B A I S Y B
PR 5

(3) Hy B AT vy LU M B B J5E RO E e e 7R ) 00 2 A
AT D S B2 R 1) ST B IR 52 5 A R et 7
R AR AT 52 T e 8 R JEE S 0 46 4 o s
i FLAT IR TE AR B 47 Bt 40y B AR 1 5

(4D S AR 30 o 40 ) e o5 7 ] 400 Al 1 A
A il et B AR R G A 1A L B T B et
A5 1 H IR P A A T[] B X A A A7 e A
JEBEAT VAT IR AR T B 5 388 5 B et IR 1 4
gl E B H AR B

A SC A A ST RS L A Ay R Y /N RUBE g 3 1Y
RINJEL G IS 450 S a5 —F s T —
R A B S B g L R TR RS ARIAER 58 A B A 1 =
BFRG— . LEERUEW] RS BA B AR 5
WAL AR DAy JRE AR IS 45 A 1 AR Ol IR 2 1 T
BT i o J S5 ] AR AR SO Y 114 o St T Al 2
NSRS Sl 20 ORI RZ VA & - VN (P IS (<R iR #
Rtk

S E k-

[1] SIGALAS M, ECONOMOU E N. Elastic and acoustic
wave band structure [ J]. Journal of Sound and Vibra-
tion, 1992, 158(2). 377-382.

[2] LIU ZY, ZHANG X X, MAO Y W. Locally resonant
sonic materials [ J]. Science, 2000, 289: 201-205.

[3] BILLINGS L. Exotic optics: metamaterial world [J].
Nature, 2013, 500(7461) . 138-140.

[4] MAASCH M. Wave propagation in periodic structures
[M]. Berlin, Germany: Springer International Pub-
lishing, 2016 26.

(5] R, D4, KA, FF. 7528 A e (R

PRBEME i 0 AT 38 [T]. MLAR TR 2% 4, 2016, 52
(13): 69-78.
WU Jiuhui, MA Fuying, ZHANG Siwen. et al. Ap-
plication of acoustic metamaterials in low-frequency vi-
bration and noise reduction [J]. Journal of Xi’an Jiao-
tong University, 2016, 52(13): 69-78.

(6] 28Uk, sEaife. R T, S BB AN 0 451
PRl U LI [J]. V6% 388 R %4k, 2019, 53
(6): 169-175.




%Al

PR 55 H 45 IR K HAR TR B B L 85

7]

[8]

(9]

(10]

[11]

[12]

[13]

LI Suobin, DOU Yihua, CHEN Tianning, et al. For-
mation mechanisms of vibration band gaps in locally
resonant periodic structures [ J]. Journal of Xi’an Jiao-
tong University, 2019, 53(6): 169-175.

Febe, RSP, 0, S P 45 R I BE Al B R
FAG TR RO R ALER [T ], Y %58 0m R 2 i, 2019, 53
(10) . 122-127.

WU Xiao, LIU Chongrui, WANG Ke, et al. Low-fre-
quency broadband synergistic coupling mechanism of
acoustic metamaterials with high efficient absorption
[J]. Journal of Xi’an Jiaotong University, 2019, 53
(10) . 122-127.

GAO Y Q, WANG L F. Ultrawide coupled bandgap
in hybrid periodic system with multiple resonators [J].
Journal of Applied Physics, 2020, 127 204901.
RES. WM, ABBE. 5. REHIRZ 5 WS
HIBFE LRk [J]. MLAR TR =4, 2018, 54(15): 66-
77.

SONG Yubao, WENG Jihong, YU Dianlong, et al.
Review of vibration and noise control of the plate
structures [J]. Journal of Mechanical Engineering,
2018, 54(15): 66-77.

WU T T, HUANH Zigui, TSAI T C, et al. Evidence
of complete band gap and resonances in a plate with
periodic stubbed surface [J]. Applied Physics Letters,
2008, 93(11): 111902.

ASSOUAR M B, OUDICH M. Enlargement of a lo-
cally resonant sonic band gap by using double-sides
stubbed plate [J]. Applied Physics Letters, 2012, 100
(12) . 3506.

LIY G, CHEN T N, WANG X P, et al. Enlargement
of locally resonant sonic band gap by using composite
plate-type acoustic metamaterial [J]. Physicals Let-
ters: A, 2015, 379. 412-416.

ZHAO HJ, GUO H W, GAO M X. Vibration band

gaps in double-vibrator pillared phononic crystal plate

(14]

[15]

[16]

[17]

(18]

[19]

(20]

http: // zkxb. xjtu. edu. cn

[J1. Journal of Applied Physics, 2016, 119(1): 377.
LIS B, CHEN T N, WANG X P, et al. Expansion of
lower-frequency locally resonant band gaps using a
double-sided stubbed composite phononic crystals plate
with composite stubs [J]. Physics Letters: A, 2016,
380(25/26): 2167-2172.
QUAN D H, SHI Z Y. Band gap properties in locally
resonant phononic periodically attached spring mass re-
sonators [J]. Physics Letters: A, 2016, 380(41):
3319-3325.
ZHOR. KT, BIEHE, SF. R T & AOR TR S
A g LW Y L] V9 %2 A0 K A
2016, 50(12) . 51-57.
LI Suobin, CHEN Tianning, XI Yanhui, et al. Form-
ing mechanisms of low frequency complete band gaps
in phononic crystal plate [J]. Journal of Xi’an Jiao-
tong University, 2016, 50(12); 51-57.
ZHOR. . BRR T, S A SO R g
Al B BUHLEL [T, 744 32 K& %R, 2018, 52
(12): 159-166.
LI Suobin, DOU Yihua, CHEN Tianning, et al.
Forming mechanisms of low frequency broad band gaps
in locally resonant phononic crystal plate [J]. Journal
of Xi’an Jiaotong University, 2018, 52(12); 159-166.
LIG H, WANG Y Z, WANG Y S. Active control on
switchable waveguide of elastic wave metamaterials
with the 3D printing technology [J]. Scientific Re-
ports, 2019, 9(1). 16226.
LIG H, MAT X, WANG Y Z, et al. Active control
on topological immunity of elastic wave metamaterials
[J]. Scientific Reports, 2020, 10(1): 9376.
WANG Y F, WANG Y Z, WU B, et al. Tunable and
active phononic crystals and metamaterials [J]. Ap-

plied Mechanics Reviews, 2020, 72(4): 040801.
(mik x14)




