RLFAEFER T %, 5520 4 51 BA(19994F 1 A) N E 220 ) 2 g 25 2 o
Applied M athem atics and Mechanics N5 O T S o I ¢

1 1000_0887(1999) 01.0011_15

*

B, ERM, AEH
WL K2R ZR, B 310027

WIS LR ASE = 2 i R PSR L A, P28 5 VSRR 0 I AT A B R 0 B AT AT
R R, AR SR A T e S BT ) 200 = TR, SRR ) AT AL AR B R TR AL A
B 2 25 8] [n] 7L A fie

PR e AR R Wl T
0343.2,0482. 41 A

£l =

4 T2 S b e A ) 2 08 S R, A R /D 2 B Sk A e 0 T 1
FITEAR, Love #5154 T50 V5 A S50 70 A L Y, Lur e A Papkovich_Neuber 1f# H & &
GEH I FC T XK R e RO 4% 16 (R B RL, ek hniskii 58 PR 45 1388 A% 4> BB
ST A TS5 A1) S 1 PR RS2 160 B o 0 o 5 R Chen B T T 0 T
TP PRV Fh g B2 o T T VT 3o BRI 5 16 ) e 0TSO £ PR 9 R A
PRI 405 25 R ) Ao

XTI FUMRL Sosa il Castro 45 H 7 P T34 FAF F 4w R LR HOAR ", T IS 25
P 7 I HUMT t, S P R L PR I O, A A5 B0 TR R T B e 5 e
FOHLEAE FRIEGS A S o T AT 20 20t T 5 ) B A L PR R AL R A
Fourier 48 HGEATHE B, fi 4 A HOBIUKAN ST 4%, BRI ASCRI AT T 5L 5 AR, oA
VR AR G4yt T U TORR 12 Se 0 A e 57 LA R LA, % 2K 85 P, B R SR AL 75
e M PRI IR0 RSP A7 LI S LR e

1 T FR L Y B i AN 7 2% AF

TRREVT Sty R LA (R s E A e ) X THREEAR 51 Zs2 Zs3 Zs1 WIEE, 78
FEARFRH

3 3
20 120
w= 25 T a0 Zkha
1. 1
 pldn 2% ik, (v
uo = i:1~r 59 or’ s ZLa
* o 1997.11.27; 1998 10_05

B &K B AR =S T H (19572059) ; Wiyl H AR 3234 ¥ B0 H (195015)
THEIT(1934~ ), B, #3%, M4 S
11



12 T o EOR M 40 B

KA, ki, ko RSB EBRIHE B A2 H O, 3962 T8 578

0’ 0 0’ 0’
S rort ot 3.2 W= 0 (i= 0123 (1.2)

B D) ARG R, RIS AR sE & 2o N AT AR 1R 1A
0, = 206628 + ’Zmz ik Lbl— Ceﬁai[a%oe},

Zi

0| 0do
Q= 2&5@2[rar ]¢+ _@% az2+ 2ea 3 [T]
3 2 3 2
Zaza_ .ZCLa

aZ17 i= a’
. 0% &
T = Zsal 898 + 80044&700,
1.3
3 >, (1.3)
Dy = Zszcz 898 000z, T Seels 3 A 020"
LS 0%y
T g0z T S0 1000z ¢
&, & ¢
D, = Zs,:c,: 0roz; ~ 9915150020’
82 a2
T = %06628 { }+ 066[ ﬁﬂL 5_ o,
rh
ai = si( cyskii+ exska) — cis,  mi= ni+ 2ces
, (i= 1,23 (1.4
¢ = 615(1+ k”)— €nkai, n=— asi;®

B HETA 9 20, HHETUDOAIE A, 2 Bl O9IRIHE G, 8 AR N, xy SFIDPAT 55 17
I, EHETUWEASE T P= P+ Pyj+ Pk, BEHIIMEM = M+ Myj+ M.k Flgi
AT Q. X, j, k NERIRER=A PR AR AT X7, X6, X% &g
SE AR Do e

FEREARFRAR, B HER T ) IO 57 2%

Geos A— T.sin a= X¢,  Tgcos a— Tgsin a= X§,

z/r = cot a: ) ) } (1.5)

T.cos a— Osin a= X3, D,cos a— D.sin a= Dye

il 2= b(HH B BB, BUHE 0% R R
T (*btana
P+ ﬁj.o (T.e.+ Toep+ Oe.)rdrda
(b
+ f)IO(X?e’+Xgee+ Xgez)dedetanG/cosa: 0’ (1 6)
T (*htana T Ch
0= ﬁjo Dordrdf+ rOIOD?ﬂdzdethcos@ (1.7)
M+ ﬁ ;lana[— bFQ)zer+ (bTrz— rOZ)eO+ r"lbzez]rdrde+

b
ﬁ 0[— Xbe, + (X} - Xltana)ey + thanoez]zzdztana/cos(l: 0, (1.8)



Jis Fi A A 3 T 41 FH 48 rh 47 1 A 13

X, e, e, e NIEAIRKI=NRLLAE, 5,7, k FIRRMWT:
e = cosbi+sinf, e=-smnb+ cs@, e=k (1.9)
AW FEIAHE M oy E e 5

2 VER M, W3S 1) @ i
B [RIHE 5 n) 8,
Ao

b= 0(i= 12,3 Fldo= B (2.1)

3
A, Ro = (r2+ s(z)zz) ,3(2): c66/ c44

(2. DAL 1) AL 3) M BIAL A L FaFh B ) AR RS Y & o0 e WA A o W A
P A E, R

tana

M:+ .15 Tordrd0= 0 (2.2)
¥ To BFIRIEXAN(2.2) 157
3tan® a+ 2s3 2 ( 0
Ao= M. \| 2Tces tan® a+ s3)7% " so g n (2.3)

SR EEEEE a= W2, Ao = - Maso/4Teq
3 AEM P, MRS Q HIME

X2 AN R 18, B
do= 0, %= Ailn(Ri+ zi) (i= 1,23)* (3.1)
B3 D) ARN(L 1) R 1. 3) AT ASA R FL 38 N AT FLAT R 1 45 0 B ) 3k e
HET PIA S 2600 (1. 5) 38 =R &g, 28 = ORNEE DY = n] el e 4 P47 2% 1 4 1, TR
B R D FIFAR( 1. 5) (3 — AR ZILE R P 2

tan a tan a
P+ rr ardrdf= 0, Q= J”'J“ D.rdrd0e (3.2)

PR J1ART ALAE A R Ik AR (3. 2) FI( 1. 5) 38 —x43

3
Z‘ Hit;l —= 1 adi=- P/,
3
Z, Hit;; —- 1]0Ai = Q/om, (3.3)
| siaitan a 2ce6 n;s;
Z‘ HT HN: twmanl 1170

X, Hi= J1+ sitan’a, N;= (Hi+ si/tana) (i= 0,1,23) (3.4)

RIF3I)FF A (i= 1,2 3) H[IBHEPEZEN, Bl a= V2R
A1= [Pz(s2a2¢3— s3a3c2) + Q(s2a2a3— s3a3za2) ]/ A
Ay = [Pz(33a3cl_ s1a1C3)+ Q(S3a3a1— S1a1a3)]/A, (3_ 5)

Az = [P:(siaica— s2a2c1) + Q(si1ara2— s2azai) ]/ A
X



14 T o EOR M 40 B

ai as as
A= 2W| ci c2 c3 |* (3.6)

stal  s2a2  s3a3
4 AEH P, BYES e

Aorsin 0 Aircos 0 .
o = Ro+ zo’ b = Ri+ zi (i=1,23) (4 1)

B4 DAL 1) FI( 1. 3) 15 2007 7S HL 34 N R0 B R 1) %) Fe
FERETH E HT BTG LT, WRAE (1. 6) 2R 0BT, MIASKEIERT I 5 56 (1. 5) TP 38—
A5 = R R H— R
bt an a )
P+ f:jo ( T.cos0— TgsinB) rdrdB= 0 (4.2)
KR TR LA E’Jﬁ?‘%i@ﬁﬁﬁ)\ﬂ. 2) FI( 1. 5) #9538 = PABGH U4

50 P,
Zstal[ Hitan a Ai- C44m{2— H otan (JAO— T
i 2c66 N |q_ tana_ S_ii|A 2ce6  cassolan o= 0 1
i:l_JHiN%+H%_ S H N, H3i Lj HoN(z) HoNo 0= 5
3 2
Sid 1 Sia; a;tan A C4480
;\HiNi_tan oH? H Ai+ HON()AOZ 0,
3 2
Sicl SicCi citan a €1550
- - Ai+ 77 Ao= 0,
S HN: wan an?T D T HNGT
(4.3)
%;%53(4 VARG A(i= 0,1,2,3)
BAEPEEE R a = /2 B
Ao=—- P./2N, A= [Pi(azes— aszca)]/A
4.4
A2= [Px(a3ci— aic3)]/ A  A3z= [Px(aica— a2c1)]/A, (44)
K
ai a as
A= 2N ci c2 c3 |® 4 (4.5)
siayp s2a2 S$3as3
5 fEFSES I M, B2 e AR (
0 Aorsin 0 " Aircos 0 )
o O_RO(R0+ z0)’ "T Ri(Ri+ zi) (i=123) (5.1)

F(5. DAL 1) FA( L. 3) WAL FE | L 35 B 0 B F5 4% Jri (R TA e
HET AR 9 XP= 0,X0= 0, X2= OF1Dn= O IR PATAILAMER X7 = 05
X§ = OB e BT B RHE T b 1030 S A, I i 2 e P S A
M, - J':IJZ r?0.cos Odrdf= 0 (5.2)
H(5.2) R XM= 0,X3= OFI Dy = 0155 Ao, A1, Ar Al A5 BRI JTREA:



Jis Fi A A 3 T 41 FH 48 rh 47 1 A 15

3 2
2. . 3B 5o My

a; - _ -
= “NHtan @ Hitan a ! T
3
ij 2 Si N 3sini . o 3siai  Sia; 4

c - ~ tan _ S o

i= 1 % HiNi~ tan CH% tan d{? H? HL3 i

(5.3)

[1] Love AEH. A Treatise on the Mathematical Theory of Elasticity [ M]. 4th edition, New York:
5, Reprinted by Dgver Pub&i(ations, 1994

[2] Lur’ e AI. Three Dimensional Problems of the Theory of Elastiity [ M]. New York: Interscience
Publishers, 1964

[3] Lekhniskii S G. Theory of Elasticity of an Anisotropic Elastiity Body [M]. Moscow: Mir Publish-
ers , 1981

(4] WS OO (i [R] 1 A PR 58 8 ) 2 ) 2 [ ) R 0] . 0B 2440, 1953, 9(2): 130~ 144

[5] Chen W T. Stress in a transversely isotropic elastic cone under an asymmetric force at its vertex
[J]. ZAMP , 1965, 16(22): 337~ 344

(6] TSV, ARGEE), AFK BB, BRI ) [E) 1 (R A T 32 0 I B0 B A L) . R B R A
1995, 16( 11): 955~ 966

[7] SosaHA, Castro M A. On concentrated loads at the boundary of a piezoelectric half plane[J] . J our—
nal of the Mechanics and Physics of Solids, 1994, 42: 1105~ 1122

(8] T MSIL, ERER, BRfh Bk, A« W A0 e B0 R 10 v /i B~ T ) R 1R8] . LA B A 27,
1997, 18(8): 703~ 710

[9] Ding Hacjiang, Chen B, Liang J. General solution for coupled equations for piezoelectric media[ J] .
International Journal of Solids and Structures, 1996, 33(16): 2283~ 2298

Elasticity Solutions for a Piezoelectric Cone Under
Concentrated Loads at Its Apex

Ding Haogjiang Guo Fenglin Zou Daogin
Department of Civil Engineering, Zhejiang University, Hangzhou 310027, P R China

Abstract: Based on the general solution of the three_dimensional problem for piezoelectric materi-
als, the problem of a piezoelectric cone subjected to concentrated loads at its apex is solved by trial_
and error method. The displacements and stresses are explicitly given for the cases of compression
in the presence of point charge, bending and torsion. These solutions are simple in form and conve-
nient for application. When the apex angle 2a equals T, the solutions for concentrated force, point
dharge and torsion reduce to those of the haf space problem.

Key words: piezoelectric cone; compression; torsion; bending; point charge



