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Fig. 1. Schematic diagram of piezoelectric rod.

JERN I A D7 RGN 290

Or = C11& + €129 + C136, — €31, — A110,
0p = C12&r + C11€9 + €136, — €31, — A1 6,
0. = 138, + C13€0 + €336 — €33F, — A330,
Trz = Ca4%Vrz — €15 Ly,

Toz
Tro

c4479= — €15Ep,
C667r0),
D, = e15vr. +enn By + d10,
Dy = e1570. +€11E9 + 10,
D. = esz1e, + e3169 + €336, + 33, + d30,
Hob oy s E 10N 15 7y VNN 5 e St ) AR
Vi e VAN AS; B, W5 D, s Ai#; o i
WHG e NG e RIEHIE REG & 2
ARG REG Ny PR S REP02, Ay = (en+
c12 + c13)an, Asg = (2c13 + c33) ag; o WK R
B © WA THIRIREE T, M .

AR FRZt:) st n AR R R A

_oU, U U _9U 1(9U\*
T or 0 0T Loe P T 0z Ta\az )
Lou o U _ou au,

0 =50 or R VI P
faiUJraUT (2)
T2 =y 0z

T IX 4Rl AR A 2 S | )
-‘LZ?‘]I;E ﬂtl:ﬂ‘[/y\'?%‘ﬂj Or = 0, Trz = 0, Tro = 0,
D, =0, \rpa] IR ST A

E.=Ey=0, (3)

(4)

DG == 07 Yrz = Yoz = 07

e B, + A10 — ci260 — C13€,

r =

C11

3R X Hamilton 2543 53 ] 15

t z t z
6/ / Ldzdt = (5/ / (T — Ep + W,)dzdt = 0,
to Y zo to J zo

(5)
A L Lagrange % FE R, T W RS M IEE,
Ep NERGIHRE, W, W ARG AR, HARFRRK
G35 R

1 U\ 1 U, \?
s oo (G e () o
1 T
Ep=- | S'Qdv,
2 14

(7)

1
W= = / ETDdv, (8)
2 \4

035201-2


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

Y B ¥ R Acta Phys. Sin.

Vol. 70, No. 3 (2021)

035201

3L o TR HUBDRHI B EE, VR I AR PR AR,
S ={er.c0.7%0} M Q= {000, 70.} 53 Fe 75 H1
e B A5 6 R S a1, B = {0,0, B} R
Gyttt D ={0,0,D.} FoR e m k.

*ETE Euler 7‘75&, %L = L(Uu UmUt,Uzz,Utt,

U, - .)7 il
oL 0 OL 0 0L 0% OL

oU 920U, 0tdU, = 0z%0U..

0oL 0 oL
6t2 8Utt 0z0t BUzt

oU U 02U

- - —— — ... HA4AZKIG
Jﬂjﬁ, Uz 6z’Ut ata zt 920t a/\%ﬁn'

HHELL e R aT IAS 3T Feh=:
oL
o=
9 OL
9z OU,

-=0, (9)

Il

0,

1
= — 5‘/ |: (levgff + 2k20§ff + 2k3 + k'4 + k'5) (ai)

0z
1 AU ? AU
+3( ke +45) (57) +%Q%)}
ooL U 9% 0L _
atou, P o 920U,
o oL _ 0% (90U
oz ou,, o\ o )
0 oL _ o, 0 (U
vz0toU., PV o0t \ 920t )

2
C1a C12€13

k1=<011—>, k2=2<013— >7
C11 C11

(10)

€13 C%?,
k4 = 7/\11 — /\33 @, k5 = | C33 — — |. (11)

C11
A GEREBIE w = 5 7R (9) T h B
e S B )7 7

0*u 20%u 02 (

0%
mf*%w—aﬂa“+5) (12)

ot?

1
) k'ﬂ}?ff + k3 + 5/454 + ks
Cy = )
0 p
3kovetr + 6ks5
0= —— -

4p

, B= 'Ueszr2’ (13)

Forfr, o SRR HLBIAT AYZEPE NI 38 o AERCR
B, B SR ECR R, P ARt AR R A LA 2
BolE . (H U, IRZmS Y | - r il
B ATPRIERT, S5R 530K [16] —2K.

TEHES TR (12) I, ST TARAAMA L ved ™.
EEEE

Vet = —€r /€
_ €33 (c12¢13 + c11¢13) — esiess(cin + c12) (14)
28%2833 — 26116%1 + 612631 — 0%1533 '
3 Wk R I AR
B (12) BIFTIR A
U:u(§)7 fzk(Z—Ct), (15)

B (15) [ AR (12) AT UL g —AN 30
e

du d%u d?u?
/BCQkQ@ — (02 — Cg) d7€2 + a@ = 0, (16)

Hor BT e 43 B2 DB A E . R %1 Jacobi Hfi
[ pREF R TR (16) AYfF:

u(§) = Zajcnjg. (17)
7=0

ATV u (§) B AR n, B
O (u(§)) =n. (18)
R TR, S =P Jacobi MR s %Lz
(1] £ O 72 LA S it (.
sn?¢ +en®¢ =1, dn€ +m2sn?€ =1, (19)
Horreng Ry Jacobi M R 4 5% R EL, dné 55 =2k
Jacobi MR PREL, m WL (0 <m < 1).

icnf = —snédné,

d
d—gsnf = cnédné, i@
d . o
d—gdng = —m~sn&dné. (20)
MR Eidr KR, IRESH
du

Auist, T LAHE

d2u

O(w?)=2n, O <d€2> =n+2. (22
R, # 7R (16) E—201k

035201-3


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

Y B ¥ R Acta Phys. Sin.

Vol. 70, No. 3 (2021)

035201

9 (147u d?u d?u?

prdu oy a4
g~ Mge T Vrge

=0, (23)

ke

2 —c% o

Bz 0 TP per
Xt € BUSFUR, Rt i, A Hoh %, o
PEEEs|

Ny = (24)

kPuge — Niu+ Ny (u?) = 0. (25)

T I T I, T AR (26) PRy AR LRI
YRR 3 W s I BORA 55, 4565 T R (22) T L)
B TR (18) = M n = 2.

HRAE Jacobi M B 4% 5% sREUR T, Jr i (17)
AT Rk

u (&) = ag + arcné + a20n2§. (26)
TIRE (26) X & o PIU AT KA
3?; = 2a5(1 —m?) — a;(1 — 2m?)ené

+ 4ay(2m? — 1)en?¢ — 2a;m?en3¢
— 6agmZene. (27)

7R (26) FIJTER (27) (LA (25), Ff It
e oné HFIUCREIGRBL, 175

Ny — 4k? (2m? — 1) 6k2m?>
ag = 2N2 s (J,l:O, as = N2 .
(28)
PRI R (23) BR300
w(€) = Ny — 4k?(2m?* — 1)+6k2m20n2(§,m), (29)

2Ny Ny
Hrdr m B (0 < m < 1). WaxdgH, Hm —1
ff, en§ — sechg, THRARLMEIL BT R (29) MUFRIE
fit ] LIS Bl

Ny —4k?  6k2
= —sech?¢.
u(§) N, + S 13 (30)

H1 T R R, A5 %, R
62 — Cg
4Bc2
W (31) fRA TR (30), BRI (25) 1Y

— AN A

K =

(31)

u(€) = Asech? & ;Ct, (32)
A A DB, A JEBK,
3(c* —cf) 2n 2B
A—T7 A—Z—Zlﬂ: CQ—C%, (33)

Horbr o > ¢ RAGLEAFAERIFRAT.
FIHT Jacobi #f B 1E 5% R B TT 1%, JrFE (17)
g an N RIRE

u (€) = ap + arsné + agsn?€. (34)
W57 (34) X &AM PIUCR S
2
% = 2ay — a1 (1 4 2m?)sn€ — 4ay (1 + m?)sn?¢

+ 2a2m2sn3£ + 6a2m2sn4§. (35)

BT (34) FIOTAE (35) fCATTHE (25), I b
B sné MR R R 8L, TS

4k? (1+m?) + Ny 6k>m?
apg = 2N2 , a1 = O7 ags = — N2 .
(36)
RIS (23) FRORE A SR T
4k%(1 D+ N —6k2%m?
u(§) = ( 4_2;2) 0 sz sn” (€, m).
(37)
WA (19) (AR (37) kK%
_4R? (1—2m?) + Ny 6k*m?
U (f) - 2N2 + N2 an(ga m)a
(38)

R (23) 8955 — KR A A, Al AW g
FPCm = 1HF, IR (38) B N HTTHE (29)FIE
et

4 BEIHEAEE

AL Matlab #00F, XFAnE 1 fs iR
PEATEE B, BUJC BR A R HL [B AT 4 BaTiO; #1
L WIARIEEE R T, = 20 C, FFHERS 5N R, =
0.025 m, Ry = 0.05 m Al Ry = 0.075 m. Jfixst3:
BRAA KRR TTHAA, 38a O T B R gk L
{8, A5 2 AH R AR L5

R 1 TS5, W MR 2 0 R/,
AL AS TR BE F U g PR/, e 2 iy
H), aT LA, B2 0 = 10 C I, JE o K,
Bl IR T, B o B HEN, (HR AT LA H
Wk co ITEATAFAE IR BE 10 203

A MR P L ¢/ ¢o BRI, W SR AR AE AR
FEME R BmE A, P A FIdL ko fnge 3 s,
ATUAE ), BEE D L r s, i A Fnik % ki
K, WPEK A2, AR, Ik 4 Frsi,
EPRLL ¢/ g = 1.1, BUE AL BIFFIEAR, 4050l

035201-4


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

Y B ¥ R Acta Phys. Sin.

Vol. 70, No. 3 (2021)

035201

R, = 0.025m, Ry, = 0.05 m Al R; = 0.075 m. fig
i 2 LR E R EIATE AR R B3R, K A2
GO, MIBEL k BEZ ).

& 2 25 T AR 25 BB 5 52 Wil I A [] J5 32K 1
c/cy T, PRPE P w AT T IR, AJLIFEH,
M= 0, uwikBl iR, JFHEMHEXT =0
XK, R AT DOREE S, B cf co BIIGR, IR IR
(B8R, RN, T 5 22, IR IRARR,

AN, BB T AR TR B

£ KBRS

Table 1.  Material parameters of BaTiO42.

28 28 28 SR
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Table 2.  Comparison of the wave velocities at diffe-
rent temperature.
e/ ¢/ (10° m-s )
10 5.4482
50 5.4367
90 5.4251

# 3  R=0.050 mBERFEPGEL TS50
Table 3.

wave velocity ratios when R = 0.05 m.

Comparison of parameters under different

¢/ ¢y A/m A/m k

1.1 0.2567 0.5429 11.5675
1.2 0.5378 0.4092 15.3470
1.3 0.8434 0.3540 17.740

Fd W ¢/cy = 1.1 BERFRER T 280
Table 4.
radii when ¢/¢y = 1.1.

Comparison of parameters under different

R/m A/m k

0.025 0.2705 23.2162
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0.075 0.8116 7.7375
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Abstract

Piezoelectric elements have been commonly used because of their wide applications in sensors, transducers,
and some micro intelligent structures. However, in the fields of aviation, aerospace, and automation, some
relevant equipment works in a harsh environment and is susceptible to the temperature change, thereby leading
its performances to be greatly affected. Therefore, the problem of nonlinear wave relating to piezoelectric
circular rods in different temperature fields is studied by modeling and numerical analysis. Firstly, based on the
theory of finite deformation, we take infinite piezoelectric circular rod as a research object and consider the
effects of transverse inertia and equivalent Poisson's ratio under the thermoelectric coupling action. Using the
Hamilton principle and introducing the Euler equation, the longitudinal wave equation of piezoelectric circular
rod is obtained. Secondly, Jacobi elliptic cosine function and Jacobi elliptic sine function expansion method are
used to solve the wave equation of the piezoelectric circular rod, and the solitary wave solution and the exact
periodic solution of the wave equation are obtained. It is found that the periodic solution can be reduced into a
solitary wave solution under certain conditions, and it is proved theoretically that there may be solitary wave
stably propagating in a piezoelectric circular rod. Finally, the dispersion curves of different wave velocity ratios
and the curves about influences of temperature field on the waveform, amplitude and wave number of the
piezoelectric rod are obtained by Matlab. The numerical results show that the wave velocity decreases with the
increase of temperature when the wave velocity ratio is constant. Given the temperature is constant, it can be
found that with the increase of the ratio, the amplitude of solitary wave gradually increases while the
wavelength gradually decreases. In addition, the images obtained show that although temperature change can
cause the characteristics of solitary waves to change, the solitary waves are always symmetrical bell shaped
waves in the propagation process, reflecting the stability characteristics under the combined action of nonlinear
and dispersion effects. Therefore, the variation of temperature field can influence and control some propagation
characteristics of solitary waves. Moreover, the wave theory has been widely used in the nondestructive testing

of structures and the improving of information transmission quality due to its special stability.
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