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An Axisymmetric Contact Problem of Piezoelectric
Materials Based on the Couple Stress Theory
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Abstract: Based on the couple stress theory, the axisymmetric contact problem between a rigid insulating
spherical punch and a transversely isotropic piezoelectric half-space was studied. With the Hankel integral trans-
form and the integral least squares approach, the analytical solutions of the contact pressure were obtained. The
effects of the characteristic material length on the contact pressure distribution, the contact radius and the in-
dentation depth were discussed. The results indicate that, the contact pressure obtained based on the couple-

stress theory is significantly greater than the classical results.

Key words: axisymmetric contact; piezoelectric material; size effect; couple stress theory

0 5l El

=]
L MGELEA 5T ) 2 S —Fh BT W) T B2 o AT AR BEA IT Rl o M 7 v, X — BE SR o Ar 2 WLRUBE B AR Y
J1 Ay AR AL TS PRSI S O 2 ANV AR N RS B B AN O AL B LA R A6 B2 4
PR P RR B I 3 K B s 13 BRI AR TIT S0 3R 1, DR RURE s/ B OK B8 G, BB PN B4 RE B
FUAEAN SR 30 5 2 WL RO I 0 AR ) A T S B SR R I S A UG, T S AT I AR B ok

« WFSEHE: 2024-07-01; f&iTHHEI: 2024-08-13

BELmB.: HEEXHABSES(12332006;512021002)

EE® N B#E(1993—), &, 114 (E-mail ; lvxin@ tju.edu.cn) ;
PR (1979—) 38 #8211 GEIRVE® . E-mail: llke@ tju.edu.cn) ;
JhiE (1988—) , %, B 287, 151 (E-mail ; jiesu@ tju.edu.cn).

S|AE. B, MIBGSE, G, TN NS0 R B AR FRE ARSI ], R B )52, 2024, 45(10) .
1268-1278.

1268



4510 gz, 4 JETEN NS0 S e Ak i X B 422 ik ] A5 1269

Sl A TN AE B SOV A #A) (SR AL 7B i SRS ) e 3 B0 722 AN, {81 0 o 3R 5 AR TR 119
PSAEAR WG I TR 3k — B A 0 ) s B R B AR R B BE B T S SR 5 ) 7 Biie, HoAb e
T3 ¥R 32 AR I ) B ) Bl N7 Bk Y.

NN IRAR AR — A il FRAIE , B 201 2805 RS SRR Rk B G Bt 3 42 fik )T
(TR IN , Ak PR 8 22 SO 14 53 W 78 A e ) 8 TR ) B | Zisis TRUEZH Y R G M
FE T AR ATy AT ST O 25 SR T, 20 4 Ak P T A9 285 5 S5 7R A B ) BB AE 2 AR B R 45 1A
AR 22 5 Karuriya Fl Bhandakkar'* BFFE T A7 BRI 350 255 AR TR B PR Sk 1) RURE MR Py IR ] L, i
BN 3 B8, Song S5O 2 JE T 14 35 A 2 S T 14 9 0 R 5 R RS) A U 2 2 - T ) G FEE 5 fl 7] L Wang
ALY TR AR P8 S 2B B ik ) R Comer il EL-Borgi ! #4857 T RUSE MO A J2 WR 235 440 11 98 o 4
I AL AT 22, A ) SR ARl R e A 3 1z

W& R REARCERY H 22/ N EAL, TS i AORME™ 2 BT T4 Fh OB e i b, Al B 2 v AL o 3l i A0 A TR
AL o B P ol R R 6 7 SRl T S 22 B e Y O FL AT DR T S S T Sl G 7 A A JEE R
BEBL AN S BHEHEAL T O T AL DR P B iR 88 i 2 sl A A e A B T AR
22 0BRGP A B IRUBE AR i ) R A F 5 AR A PR, E R (UL Sun 55207 o s FL B R I — 48 L
MRS Ak [RD R AT 1 T8 Bl R 2 o ) R Tl A 7358 sl i )z A7 A [ I b o B i ] LR BR 5 i
YT LU SR (4 1 SR, R H R B0 e B SG T Fs ri A OBl o k- e ) AT P A SC SR A

Fefih )R — MR LA IR, A 3 LR BAT AR A AL BE 5 75 - 26— Fh Oy i J2 A TR 28 46t
TR A o) R AL A 7 57 R A3 D R PR AR 3 D R 8 WA A RO R 4 T B ER A 72 5 — Ry v 2
FHAE AL 320 5 26 AR B0 1) 100 5 25 11 0 e e i 2 AR e 3 P P 0207 3 R o 5 2 48 T LA 3
TR RSS20 B8 07 TR e 4 4 i R 1 o sk 2 T AR R/ i B R SR RE AR A
FERAEIEE AL, RS SCHEFE A — 7 ik AT T 42 ik ]l

ARSI MBIV 3 PR | X6F s R~ 2 ()5 BRI Sk RUBEAROS ) JC B S H Ml [RD LA 1 B8 20 A A ARG
RAIE AR B R A ik RUBE LN A HT Hankel FRIM S FIER S Fe s —3fedds 15 2 1 H&fih 51 0O AT i e, 1F
T T RHIERE R BEXT 2l e 7 004 2P A A R IR TR P R

ASCHFFE TARBI BB AN o 1) FE TN ) BRI, 57 1 A ARk RUBE ARl o R 0 P8 45 4 fh A 21
ARG 1 I FA R BE ARSI X RO BE S 12 fih 7 0.2 ) 5 6 B, R A 10 B8 mT LA S8t i 3 ok
FRUBE s B4 ROBEARASHE fish 3 2747 g RS2 405 2R DA oA ol R A8 R T L e ) 0 L Mk 2 475 LA % s i A
DL AL B A AR T B AL T B KA.

1 A T EE T 5  B AR A )

P 1 it 1RO [ [R] 1 s R~ 2 T 55 O P 265 5 R s Sk 189 FROE ARORSE 14 A 68 k2 Ak A 8. K M =k fg =42
N R, BRIk BRERZE T ER F, BOPEA XA E2 R o AR T 1075 2 Bl 1.

F

PN

/’——> r

-a a

piezoelectric half-space with size effect

v

z

B BRIk 5 e e s i) ROBE AR A o0 ik ok

Fig. 1 Size-dependent axisymmetric contact between the spherical punch and the piezoelectric half-space
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M 2 3 4
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