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Research on Vibration Suppression of Piezoelectric Thin Plate

Based on Simulated Annealing Algorithm

Z0U Guanghao, GUO Hui
(School of Mechanical and Automotive Engineering, Shanghai University of Engineering Science, Shanghai 201620, China)

[ Abstract] In this paper, the dynamic analysis of piezoelectric structure composed of piezoelectric shunt circuit and thin plate is

carried out, the dynamic differential equation is established, the transfer function of thin plate structure is solved, and the objective
function is established. Then, the objective function was optimized by simulated annealing algorithm. According to the variation of
the vibration amplitude of the piezoelectric thin plate, the optimized resistance and inductance values were obtained. Finally, the thin

plate amplitudes under different shunt circuit parameter optimization methods are compared by numerical simulation calculation and

analysis. The simulation results show that the vibration amplitude of the piezoelectric thin plate optimized by the simulated annealing

algorithm is slightly smaller than that by the pole assignment method and the transfer function method.

[ Key words] Piezoelectric shunt damping circuit; Simulated annealing algorithm; Vibration suppression; Piezo sheet

0 51 &

AR AE TR A E )z B, AT
i A R = AR B IR S AR, & B T ik 20 i
BLMRIR BN & 45, (AR IR S 25 o A 7= AL i A
Kt 2 1R, L a2 4 4 HLAR A 1 ] 25 i | 7 2R R
P BRI A i B A, PR, PR Y S PR AR
N AT R SR . DR Dy R e 3
Pl S weah il . e o im BRE SR Ja T sl 4 il
T —Fl 5 SR HIAR o, AR RGN A
5T, AR E i R AR S AR IR S A5
(AT FE A 8 o FEL R, 38 3 4 It P 3% v 19 L BEL 410 Fl
RETHFER , A8/ R G011 BB T, 38 B4 ] 25 4 4ig
S E B, FH 2B e H R LA 25 4 a7 B, A
A S SEBN R i, AT TR SR Y p o —
AR

31t BELJE R B 1) LB | R A LA R H R 9 A

BEE£UWH.: BRARR2EH4 (51675324)

BN HMRBCR S T E AR,

(1) FEHL R (R A 8 A B 5 ) A2 30 BURh Js
PR R BER /D

(2) 3 HL 3 T H B S 00 /N R GE T HILB g
WHALIF AR BE

EFxt 24k, Hagood F1 Von Flotow' > #f 58 T
HLBH R LA HLRH R FHLER L ER R A P 43 S L BT
2T T 2H A T B, TR 45
B R R G A A B AR WU S 7 R i AR
FUAERN b, SEME S T OF R RL AL S EU AL
Feaka, I HAE] T -1 A i [ A T L4 o) 46 g 7
PR HR B SRS ; bl AR R X L A LS
AREHLHLFE G RBGEAT TS, 33 THLHRLRE S &
HOof R 233t BHL 8 2R S8 IR ROR 1Y 52 e LA B iy
T2 R T I00 320 T S P SEARASE AR X HE T 3 RO
IFi) 43T L 65 PO DR 80 R | T W AE 38 B B AR S 4, 3

YEE® A : 486N (1993-) 3B W-LATSE A, RS J51) 154 NVH IIREOR ; 55 #E(1981-) 55 Wb B At AR R0, 32205 U5 1)

AR S A I EER AR AR
BIEEE: B %
R B 2020-04-24

Email ; hgsues@ 163.com

oS FURT AL K H E ) @ RAT R E A



104 ARICE,

s TR KR AY He R AR IR sh A i A 121

Tt HL B T TT LR B AR G ) Bl IR S8R

TEHE I SR, i AT A% R 0L Sk
MELE R T BB, Horh A% 38 sR B0k
SRS YRR SR AR A R G AL AL B R AL
FI AL 28 eRE LAk 7 1%, BEAR A% 328 R AR AEL, B
e & R T LR S RGP AR &,
JEHEATIRIT , N RGN A T, I 5 Rl 2
[ PR B A SRRl i, DA Aok i o B A, (HFH
X AP ITEEAAS AT DA ke B — 3 232 4b 14 41 3 [R) R
FFASBE T4 2 A 233 [l P 18 AR A () i s idE 1 7
FE ARSI FAEADIR KR AR A5 44 1 43 F
PESEHATIAL , R 0-500 Hz P % 25 Fa % 2 i i 2
PG 500, I 5% 8 R BT AR SEL B
PSS AT X L, (R T e 7 i X T 22 05 ik 3
P A vk
1 ZhhZEEXRFE
1.1 ERETHH

A SO S G0 SN FLU A4 A TR AR, R T 7
A PR T AR B AR B0 R T b S B
SRR TEAG I, FEAH SR B ITTAE A T B A0 BR 1 1A
FHF L Z A1 B WA T x Sy RS (R ) 1Y
HELE, I FEAE R AN 3 A SR A i

eI LR x B By SR 1 TR,
W, W,
0 0
0 0
w. W
0 0.
O 6,

El1 BAnHEEEHETEE

Fig. 1 Schematic diagram of unit sheet freedom
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Fig. 2 Thin plate force diagram
AR HE Hamiton JRHE WA PO R A A
FROT TN .
§['(T,+1) ~(V, +V,~V,) +W,]di=0.

(10)
B LB ARG

éf”E(prb {} " (N[N inldo +

—a[p,{n}T'[N] [N {7l dv) -

() @ (B 0108, ) nd o +

;f%zz {n}T [Bb}T[CE] [Bb]{"l}dﬂ -

1 . '

) B T L) B -

ifK%VMHBH}+sw5mw+
2 T’ 33 hp

ff | fdAdt = (11)
$ XX {n}y #HATAE A, i o{n} 1HE
R, THEAS B TTAE A B2 AN Y- T 28 my s 110 5 A

[(M]{n} +[K]in} - |
o,

KHJVC:{F}- (12)

T 1 T
"M :j%pb [N]"[N]do +?J'%pp [N]"[N]dv,

(K] =[ 2 [B,°[D][B,]dv +

Y

| [B,1TC" 1B, v,

)

[Kpl:l :f Z[B}ng[eJdv,
ﬂ N1fdA.
PR LTI
= YNNG )
L R,
[M]int +[Clinl + (K]} - [Ky ]V, = |F}.
(14)
(I 352 vl 3 B 1% 25 R oL T 2 T 49 50 4 A, 45
3|0,
v.o= L KN ] (15)
¢~ 1 ni-

b, Q RIEHIEFRITA AT ; €, 2 LR R Y
hy (2 = h})
= T ':F',h31 %EEEH‘E‘J%}J
JEZH; b, 2 AR PP TR T A R A SR T B
h, JEAR R R T R N SR B BEE b R TR
FrSERE
P RL BRI LS, AR R Z = R +
Ls IR LA (14)  FFRVEEXTSS n BB SF H  fY
YR SR

2 k k CKHN(R-’-LS)
%(mb+mp)s +CS+(b+ P)_1+C(R+L5)S
()= F (16)

KA, my, om, 505 R R RS i &,
k, 73590 A AR 5 s E A RS I BE 5 ¢ ARREASEHE .
HiE(16) AT KB G(s) , RRGEM B
JEREYE AE 0 F IPERTR 13 28 R G AL 5%
n(s) o GBUNUZEIZ G000k A7 A BN i 7 e
THAERYRE A ZS | R GEN AL M 1O R I S DB PR | Dl fiR
RORTGF . PRI 7330 HL s 1) BELJE S BGAAT A,

TR B B4 R IR 1)

G(s)= |12

F
3 SREERNSHMLL
AT F B S R DA, AT A L B
R AL Z RYRRE . X T AR B UEAE A AR kR

(17)




2510 1

AN, 4 TR I G HE R WA SR S 123

W5 R AL R SR L B . A SO s
FHBHGR KRS X 73V L 6 ) S B T A, 38
b 0 LS SR HAT R JTR 5 A% 8 sR A Ak
Tk WS B AL T VR R T G 20 T R I 14 0 FH K
RIEFFXF O
3.1 ExfifeEs

TE T BT AR T Y 7 1) By FL, AEX A
SAMEE AR, a3 TR, 8 (18) 753
S EE B SIN) F2Z R E R, FE
J FEL 3T L 6 T 2 A 55 ) 118) 52 T, S8 37 2 1 R YA
BIIELLA(R,L) Fom, LA 8 R8s/ IMEVE N H AR
BRI, SRAS AR 7 1) e G HLBELAEL R, 5 S5 P H B
L, .

opt

)| _ o _GKNR +1Ls)

Fo (m, +m,)s” +cs +(k, +k,) mé )
(18)

_ . n(s)
A(R,L) = min | (19)

AP R R > 0,1 > 0,

F
PZT
Z

Wit

B3 ERERAMTEE

Fig. 3 Schematic diagram of thin plate and piezoelectric sheet
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Fig. 4 Simulatedannealing algorithm flow chart
3.3 BEHSG
3.3.1  BEUGR KEREXUn  t Z R
ARSCRAZE NS G S e o — AR5 4, AR /Ny
400% 400 x 2 mm®, M R N 5. 1 EF) ] Comsol
Multiphysics X H A& A5 HE AT RRAE SR 007, 45 3]
Hif VU B S B B AN 5 i

(a) 55.815 Hz (b)113.96 Hz

(¢) 113.97 Hz (d) 168.25 Hz
BEl5 RTINS

Fig. 5 Fourth—order modal formation
HH T P AR B il R 0 W e R ) o e Ak T
WA G T LORE s H R Rl s 7 e o rpec I S R



124 B o "B N5 MM

510 %

HLK/NA Z B RLER B 43 U H B A S #2 N &] 3 7
R, LR BUAS hy 50x50x T mm?

FE AR A 22T G 5 8, 2 BT
MRAVTET, 2 F X F A R b A o i T
W7 I iR% . FI i A5 AL A% 15 20 AR Y
MRS AL I A, 2 T R PR HUAGR K B T R 5T
Fitidt, AERLE BIR RS 1] P 38 i AAS[] R
FEL B T LA 3145 19 6 AN TR) 4% 2 R, it A
I) B4 il , %ot o RO TR &5 SRR AT b, s BL DL 10—
500 Hz 76 FEl PR o i s 1) 0 BR 00 A 7 L 3%, 1 3
B/ RS R R m UE, K 6 Fs ., is FHE
PR K LR AN 9.5 H, SR A
3065 Q.

40
35
s
w 3.0
E
A 2.5
20
1.5
100
0 10 000
% 50 4o 8000
(T
s 20 2000 4000 °0%
0 o LI

Bl6 AERSLEHT,REBEEFRMETHHEE
Fig. 6 Expected value of amplitude at different frequencies under
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Fig.7 Curve of vibration amplitude at a point on a thin plate
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