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Vibration characteristics analysis of flexoelectric Timoshenko

nano-beam in viscoelastic medium

ZHANG Dapeng, WU Dong, LEI Yongjun
(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract; Based on the Hamiltonian principle and taking nonlocal effect, piezoelectric effect and flexoelectric effect into consideration, the

vibration governing equation and boundary conditions of the Timoshenko nano-beam in the viscoelastic medium were established, and the method of

solving the governing equation of flexoelectric nano-beam with simply supported boundary conditions was adopted. The effects of nonlocal

parameters, flexoelectric effect and viscoelastic medium on the vibration characteristics of the flexoelectric nano-beam were systematically studied.

The results show that the transverse flexoelectric coefficient can significantly increase the structural stiffness of the flexoelectric nano-beam, while the

nonlocal parameters and the tangential flexoelectric coefficient can reduce the structural stiffness of the system. In addition, the critical damping

coefficient of the viscoelastic medium, in which the flexoelectric nanobeam no longer reciprocating vibration, can be obtained by studying the effects of

viscoelastic medium. Research results can provide a theoretical basis for the extension and application of flexoelectric nano-beam in energy harvester.
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FEFLIF-RE 75 B IS8 PR 5% oh IR 91R 3 7= A= 11
HUBRE T 54 oy T BE K TR T B FL BE , HoAT
il e 7 P e P AR AR AR B S L 72 K
JCPFRE LT T B A R R Y T o B il H AR,
RIS LT 20 B ML A Hs e 17 BB A4 T 8 S 1Y
SR P TR, T Xk g T RS8O0 T JR AT 9 B A T 2
A AR RSO

He i AN EAR Y 2] W A8 b 5 L Z TR Y
AR R AR S AZ A O R4 AR A 5
JE 2 Yy A8 RN AR A JEE SN o AIF 5 T HL 4
KICHE 1247 0 0 £ 205 1A Sl vk o 1

«  Wks HHE:2020 - 06 —22

g Jy 2 BEAUIE M IE S i ) 2 g ik, Ma
B R SR A T R R R M R R R
P e S A R R 50 1 8 L AROR, T A
MBI . Ma %557 i 5 500 B9 1 I 25 B
JEE R FSE XoF 5 AR i i e R BRI IR Ao Ay 5% b
B, Hu 5 3T A8 00 U, 4545 7% 1%
R T AR E RN AL B IEE , S T 9 OKA o)
Pl 7R . Maranganti 257 JF QI K7 5 b R 5
LT R AR i A )R, 12205 15 R SR g e Hl Fi
I HEAT ¥ o SR 5 EE o1 Bl 1 2 U Ah
RIIFI, IR T 1 7 2= PR REAE AN K U

EEWE MR A AP EEERIITH (11902348) 5 IR H A ARG BT B H (202015650 ) 5 [ B B 22 BHIF K B By

i H (ZK20 -27)

PEB R KM (1989—) , 5, T RGBT £ A, RIS, P, AL A= 50, E-mail : zhangdapenghit@ 126. com;
WAFECEFEE) I, B, L, A S, E-mail ; leijyl08@ nudt. edu. en



56 1]

SR , 5 - B AR B HE Timoshenko 4K SRS FFE 7 Hr "9

THEARAREER R R R
PRI 220 ARk ) FRUE 2040 T LA HEAf 2505 T FEL 4
KICLER F 2 o AR R EE T i 4R H k
TSR ) A RO RO 7 T AN 2, TE A
RGBT AT R I HAR R Z N . A
BN, T M TR L 9 K ST A Y
PERE A7 W BKG AR SRR G 5 R AR B R A 45
A Lei ST S BUBE ST T A0 S B
J& T JE Jm &8 Timoshenko 20 >k 2 1 9F J5 &% Euler-
Bernoulli 32 3l J1 4 51k, AL % pg Al Jm i
KON, WFSE T 3R T A0 %) HL Euler-Bernoulli £
KRS AL B SN . Yan 2510 % 1E R L 44 K
AR AR JRERRONE , BIFFE 1 2R THI I ) R T s
FAEH A XS Euler-Bernoulli 32 it i 17 4y F1 3
TR . Ak, Yan 520 R TF AR R
Timoshenko FEAEAY 15 FJE 2 53 FLAEAF T B
YK TE i 2l 45 1 7 TR PR A 3 1) 1 R A
Ko PR LRI 2 B TR AR
JRLR A R, LRSI A AR Sy 2Rl P A Y
Z AREETCI R A AR AL, T B RTZR 5 75 IR AL
IO F7% A RSO, R B A v 4 DR 3R ) B A A
PO T

AT EJR T Timoshenko ZEARAY i 5% £2
i A oK SR AE 2R P B v Y R SR, 2 S R
SC BT e i i g K R i O R oK i 7
2, JF il SRR EE SR E 2 A el v R G
PSR R 2012 it H A DK SRR Sl R 1 5 i
155387, AR TT A Bt oA AR 43t
FSARE

1 RERATESBREH

FhHLE I 1A P B B8 . Timoshenko 204K 52
7~ A RN 1 7s o DASE T R 9 OK B A4 Hh il
2L e i it R AL R R ST B AR AR R 0 — iz, Jop
x TR il L ANOR B P 1) A, 2 BT BRI
HLAPR IR 1 IR 377 170 5 o FIESZ . R AL 2l
KBEMRIE T8 J5E TN B 70 591 9 Lo Al b b3t
PEIEAR R HT 22 L) visco-Pasternak Z3h i 1k 2 (445
YRR SZ MR AE Pasternak $#4% HE PSR 1y
SEnh BB B T RV R . 5T Majdoub
B2 R AR AR (BT , 7 P R i 45
I RS A RERE 125 FE AR R 14 RO S R
P55 078 b BE R, 28 % T e B B A A B Y
SN o

% AR Ry N, Hy Y fiE
JiREN

WS R AY

z it At Timoshenko# K 3%
A
|
: sk A T
L
_______________ Py L
‘I - T [ >
R AR R
fe
L

BT B AR Bl AL Timoshenko 2K 5
Fig. 1 Flexoelectric Timoshenko nano-beam in

viscoelastic medium
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