RRSEMA%E, $18% B8 Q09TES H) NN RELR
Applied Mathematics and Mechanics B R HKR#H K

B “RAR%E RENEHNR
EEIFAER
Tt EEKR' Bz

(1996<E1 A8 Hilk ED

w B

AXEENERNRYEAGERSREL, SIA-MIBEY, SHLER REFMHE
Ty Almansi FHE, FEMAHEEPR, WBLED “BRRE KESFEHHE R R
R, HSTRBEIUHRE DI RMAHEERANE REANS, BATELERYEERIRS
E LA bR iy ‘

X0 ERMR FEEE BF B4

—. 5l

BT HRE RN AR TR OBE S, EadNEER S BRENN&EHhEI B
HIRE S I JUAE R O B 50 R B RN 36 EL 76 FE r b B ) A 2L 2 b | Y R
RS EERET —RAIBEHE, W EBM N EROHR, Wang fiZheng*'y
RS TERHESSAENER, Ding S 44 HA—RE, el T=a—R_E TN
#4& 7 Wang#i Zheng wyTik, 3#HFFX4EM SHTEEHEE L EREHHRY
R, B TR S0 ) RN /1% B 0 — 1~ % 2 | &, Timoshenko
Goodier!® 4} %t & i [l 6] BAF A0 T BLE0 TH 376 Bl 2 AT 718, Lekhniskiit® 2
THFSERTSER SR AN AE0R, TEINET CAHTRER KRR T 5%
fE RIS AT B 8, SosafiCasbrot VPFIL T e T i 5 fe i e rh 8

AXEENE BN RLHABEEATRALE, SIA—IMRBRE, SHER, KSH
R Almansi @8, KBRLAEOBR, BEES AR RS RN RERIAE
WEE, XEMREEEBRBRERNE ST AN RO PR R, RRE
BRNTEH BREE . Hk, HSET BB T2 8 b 1A 5 A A TRIBR
. .

g

* R EARFESRBTE
1 WL AZHER, BN 310027

703



704 T &

T E EH K B # m

BT FRER

#MASosafmCastrot ! 2145 My i — 4k A FRIG A 5 R 40 F .

O1=0;=c(1) g; +Cy3 %w +é€s5 gf
oz—-oz_clag +c335— gw + e, g(ﬁ
o= Dimes gt i3 |
oimrme S 22 ) 2l
oumDime 4 0 )

R0, w, DFIGSRIRR S4B, ﬁ‘ﬂ%ﬁa\ﬁ, HALB B, W,

TR (2. 1) RN Pl 7 A

u

D{w }=0
]

KNP DEMS B TFIERE, B

r' 762 : 82
Cll 3 a 27 +CA4 az

62

x(613+ 644) 3x0z

g
L —(e15+e l) axaz

Horpciy e, ey B RBME BB, N EEME B EH

9°

s

Gaussife, #

62

(613+C44)a—xaz— (6’15+331)
9 a9 . 9

Cogyr TCagoT

( 92 8> 9? 32 h

Z

6x62

g
Clsgxr TG

s 31 axt +eaoa z Sl P + e 62

8

aﬂ

lDI-—aa 5 +b 4

A

G=€‘§;(e; s+ 033833)

2*0x azzax

2+c 4-i-a!a

b=03-3[0448u+ (e1s+e51)*] +emslcrcastciy— (crs+ca)?]

+esns[2cue15+ 1
c=cylcness+ (es+
+€15[2611€33+C4

d=Cu(€fs+C448u)

1853 —2(C13+ cas) (€15+€31) ]
e,1)%] +enfcucs et — (c13+caa)?]
4615—2(Cla+544) (615+631)]

HHE | DIwREATFRAGG, =1, 2, 3), Hlai=28, &

" T

#. i+ﬁiDEI_‘Jﬁ§IIEQ 1D =

(2.1)

(2.2)

(2.3)

(2.4)

(2.5)



H “HEmE” FoRmERS )ﬁqi?ﬁlﬁ]ﬁﬂ’bﬁﬁ 708

A _ 64 64
= T 8, ™ axg2°
Ass=crien 66;4 +m36x?(; 7+ s ; - > (2.8)
Apz=ci15 ax4 +m;6x?t; ;+C44€33:4
A
mi=(c13+cu)en+ (e +es)ers
y=(C13+ Cas) €33+ (€15 + €a1) €55 (2.7)
m3=C|1333+C44811+(els+eﬂl)2 '
Mmy=c11e33—~c13(€15+€31) —Cuues
§|)\®§&FI§(‘%ET§U7’5T}
Tf(axz +az JE =0 (2.8)
Kpzi=siz(i=1, 2, 3), Tis}RFFIHRHZ R
\ as®—bs* +cs* —d =0 (2.9)
xR FR4 (2. 1) IW—H BT S R TIHBR:
u=Ale, w=AzzF, ¢=A23F (2_10)
¥ EubanksfiSternberg!'* gy Almansig MMMk, M, WR(2.10)dH
FARTRHR.: ,
1, F=F+F+F, S EAREER (2,11a)
2, F=F+Fi+2F,, S1% Sa=S i (2.11b)
3. F=F,+2F,+2*F,, Si=Sy=s: [t} (2.11¢)
NP F oy Bl R TR,
a2 o .
P JF=0 (=1, 2, 3) (2.12)
4%5?.(2.lla)ﬁ)\iﬁ(Z.IO)#ﬂﬂiﬁ(Z 12), #H4
¢{=(ﬂh mM2sy )st—a# (i=19 2, 3) (2-13)
M2, 10 TSR R AR
=3 Sw= s (=) (2.14)
RPEIAT BBwi=w, wi=¢, LK
A= C11E11 — M3Sh + Cau€as s,
(m; MasSy )Si (2.15)

‘ ('= 1, 2 3)
.4
C11€15—MySt + 448338 J

die= (my—msysi)s;

¥R (2. 11b)F(2. 11e) AR (2. 10)#%']??]*?(2 12), BXFEMEBROBRELN o1 F.
Ys £ =8



706 T B L B K K # R
BIA
F \
¢1=(m1—m233)31—52;31-
1
2
— (= mas3 )51 it + (i — 3mas3) gt (2.16)
0z; 0z
aF
¢3=(m1 ﬂ’lzs’) 3
/
i<y
2
— 9 9¢s
u—,\‘._‘f ax T% 5y
(2,17)
2
awl a¢3 :
w,=‘-21 i3y, TG, " + s (i=1, 2)
A
S 2(2¢4483382 —m3) s — (m1— 3mes?t ) as
s my —msS3 .
(2.18)
2(2¢4€338% —m,)Sa— (my — 3mas? )z,
Qu2= z -
ml"fﬂzsg
%81=82=83H3j'
BIA \
0K, 6F oF
¢1=(M1_m231)81 92 3 +(m1 3!7128 ) 2 — 6mas) 6213 :
—_ 2 2 ’
o= (m1 —mys}) an 4 2m smast) ”:3 (2.19)
$1 0z?
- my~— mys? 82F3
= 81 62{
A
a¢l 81/)2 2 az¢3 \‘
4 ="3x t2 ox t2 dx02,
—— 611)2 awa
w,_a1,(6—+z = +z‘82,) ) (2.20)
TR .
tag\ Y2+ 2215 )+ assys (i=1, 2)
621 .
R
2= 2(3m1a1181+ 6C448538% — mg)s1— 2 (my— 3mzs )y
st My — My
(2.21)
2(3mya1281+6cy,e355 —my ) s —2(m1— 3mess ) ay.
a52=

#R(2.19) 8 (2.16) K (2. 19)VF1(2.12), BAR(2.14),

=

- Mzsi

(2.17)F0(2.20) HaispeBs T 515



FO“WRES” FoRE B AR I R 207

2
xz +3 )w;-o (i=1, 2, 3) (2.22)

=, BRI PSS A R

BT 20, BABRESERT, 2 MEmRnR®E, RONEN EELSF, £
f.=T8(x)d(2), fz=P5(x)5(2)*ﬂ,ﬁ%ﬁpf Qé(x)8(2)EERM. RAEMEE, T
EABRERRRE. RTEE, UTRAHSERASENRRE,

1) WFf=T6(x)d(2), f:=P;=01FH, W

¢,=A,(x1nn+z;arctan£—x) (i=1, 2, 3) (3.1)
Repri =x'+2l, ARSMERER. |
BRG.DRA(2.14), BEHENOMBRMERDT:

u—ZAlnn, w,_Za”Agarctan— (i=1, 7) (3.2)

{-1

B (3. 2)RAARMRA(2.1), BREAMABALBRRENDT:

UJ_ZkijA‘ 2 (j=1, 2, 3)

) oy (3.3)
o,=2k JAi ; (i=4, 5) '

jml

A

kY i=c11— C130415; — €31Q4254
kYr=c13— C33415 — €33a4251
ki =€y —e53a018; + £35@128s (i=1, 2, 3) (3.4)
k! =cuSi+cyan teisan
k! s=e1Si+€15a11 — €12

TR MTE G B, BrRUVE T ey R &4

W x/z=+tanaff,

Ogtty+ Tz2ttz =0 \ (3.5a)
Tyalg+ Otz =0 (3.5b)
Dn,+D.n,=0 (3.5¢)

ERENEE—RE L, BHBEFHFETE: 7

atana
ozdx=0, j

h¥ana stana

\ tadxtT=0, [ Didx=0 (3.6)
-ktana -htana -htana

B (3. 3)RAR(3.5)F1(3.6), HT0.M DAPRXFEE, FTUBREHGH)H—, =
FREFHE, TRE:

[l

3
ZkixAsnl ZkhAi zl =0 (3.7a)

j=1 LI T KX



708 TH I EHRK K& %

Z A;(k,4§;l+k,zm) (3.7b)
{=1
S Au(kt o8+ hygm) s =0 | (3.7¢)
iml $
F5|
— Akt arctant 4L — (3.8)
‘_Zl} tktsarctang - +5-=0 ’ .
E

E=ctana, &=s&, ni=1+£&1
} (3.9)

'l=cosa, m=—gina 4
KA B UE A RLi— k=0, HIER(3.7a)BREHBRE. R (=1, 2, )EHFHRN
(3.7b), (3.7c)RI(3.8)VHHE. .
Ya=x/2Ht, Lft/b:{éyﬁFaqzmiﬁz%wﬁﬁﬁ—/\qzﬁ?xﬁm%qw T WR &, BE
AWH RS R:
Zk:z.Ai=0, ZklaAi_O’ 2k14Ai+T (3.10)~
fml {=1 {=1
Y 2) MFFa=PS(x)5(2), P;=Q5(x)d(2)Ff. =085
IE, BAREHAHE(3.6)MNEN.

htana htana . htana
J. ozdx+P=0, f Tezdx=0, J. D.dx—Q=n (3.11)
-htana -htana ~htana
0
¢,=L,(z.~1nr.-—xarctanﬁ—'-z,) (i=1, 2, 3) (3.12)
24

RpLEZNHEEES, BERONE, HELURMT, BEBR:

U= — Z L;arctan—

FEp

3
wy= Y a;Lilnr, (i=1, 2)

ful

(3.13)
.. :
‘71=Zk§1Lfﬁ (i=1, 2, 3)
f=1

A
z ‘ o - (i=1, 2, ;.3)}' (3.14)



o A ERES FrERNRYERENER 769
fﬁ,\\\J:ﬁFiH@H*J{'F?%, Bzt (3.5)F1(3. 11)7@%&%;&&&%&@@?

‘Z!L;(k &0+ kE 4m)n =0, ZL.k;zarctang +§~=0, ZL;k;aarctanl
= . f=l

— — _....=0
‘-

Ey 2

(3.15)
% a=na/20f, BN TRV E R E RN FATTF 28008k PR Q K
w g, R(3.15) kR,

3 3
S hiuLi=o, 2 BaLebs =0, 37 kieLi— 2 =0 (3.16)
i= t=1

m. % @

AT s WEMRE ST, AT T HIERN R F & [ &S B R
(2.14), (2.17), (2.20)F0(2.22), H N MR HMEE"XTK, FUBREZHE
ﬁ@ﬁ%i%.#?%T&%Wrﬁm%¢ﬁﬁﬁ@ﬁﬁ%ﬁﬁﬁ%ﬁm@.*%E¥EE

552G TR0 S A B AR P A A A 4 A R B AR A5 (3. 10) R (3.16)

8 £ X W

[1] Y, Shindo, E, Ozava and J. P. Nowacki, Singular stress and electric fields
of a cracked piezoelectric strip, International Journal of Applied Electeric
Materials, 1 (1990), 77—87, _

[2]'Z Suo, C. M. Kuo, D. M, Barnett and J, R, Willis, Fracture mechanics for
piezoelectric ceramics, Journal- of the Mechanics and Physics of -Solids, 40
(1992), 739—765, )

[3] M, L. Dunn and M, Taya, An analysis of piezoelectric composite materials
containing ellipsoidal inhomogeneities, Proceedings of ihe Royal Society of
London, Series A, 443 (1993), 245—287,

[4] T. Y.Chen, Exact Relations of imclusions in p1ezoelectr1c med1a International
Journal of Engineering Science, 32 (1994), 265—287,

[5] K. H. Sung, C. Keilers and F, K. Chang, Finite clement analysis of compo-
site structures containing distributed piezoceramic sensors and actuators,AIAA
Journal, 30 (1993), 772—780,

[6] Z. Wang and B, Zheng, The gencral solution of three-dimensional problem in
piezoelectric media, International Journal of Solids and Siructures, 32 (1995),
105—115,

[7] H. I, Ding, B, Chen and J Liang, General solutions for coupled equations for
piezoelectric media, International Journal of Solids and Structures, 33 (1996),

22832298,

(8] S. P. Timoshenko and I, N. Goodier, Theory of Elasticity, McGraw-Hill
(1970).

[9]1 S. G, Lekhniskii, <ZHHEMR>, HEWEFE, BEEHRE (1955),

[10] THEIL. %7, Eﬂ%ﬁﬁﬁ%ﬁﬂq—?ﬁlﬂ@, R fisaR, 11 (1994), 11—18,



110 » T®H I EHEAKE K& R

R

[11] H. A, Sosa and M, A. Castro, On concentrated loads at the boundary of a

piezoelectric half-plane, Journal of the Mechanics and . Physics of Solids, 42
(1994), 1105—1122, '

[12] H. A, Sosa and M, A, Castro, Electroelastic analysis of piezoelectric lamina-
" ted structures, Applied Mechanics Review, 46 (1993), 21—28,
[13] R.A.Eubanks and E, Sternberg, On the axisymmetric problem of elastir theory

for a medium with transverse isotropy,J/ournal of Rational Mechanics Analysis,
3 (1954), 89—101,

General Solution of Plane Problem of Piezoelectric Media
Expressed by “Harmonic Functions”

Ding Haojiang Wang Guoqing Chen Weiqiu

(Zhejiang University, Hangzhou 310027, P, R, China)

Abstract

First, based on the basic equations of two-dimensional piezoelectroelastici-
ty, a displacement function is introduced and the gemeral solution is then de-
rived. Utilizing the generalized Almansi’s theorem, the gemeral solution is so
simplified that all physical quantities can be expressed by three “harmonic func-
tions”.Second, solutions of problems of a wedge loaded by point forces and point
charge at the apex are also obtained in the paper, These solutions can be degene-

ratzd to those of problems of point forces and point charge acting on the line
boundary of a piezoelectric half-plane,

Key words piezoelectric media, plane problem, general solution, wedge



