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SINGULARITY AT AXISYMMETRIC INTERFACE
WEDGE OF BONDED DISSIMILAR TRANSVERSELY
ISOTROPIC PIEZOELECTRIC MATERIALS
CONSIDERING DIMENSION EFFECTS

ABSTRACT

Interfaces are important microstructures of piezoelectric composites. Many axisymmetric
interface wedge and axisymmetric cylindrical interface cracks exist in the structures of
piezoelectric composites, and these usually become the initial damage points, as a result of the
singular stress field and the singular electric displacement field near the axisymmetric interface
wedges, the parameters such as the order of stress singularity and the order of electric
displacement singularity, the angle function of stress and electric displacement, and the
coefficient of stress intensity must be resolved, in order to find reliable evaluative method which
apply to piezoelectric composites.

An eigenvalue method was proposed to study the singular stress field and the singular
electric displacement field at the axisymmetric interface of the piezoelectric composites. The
major work of this paper is as follows:

Based on the fundamental equations of the special axisymmetric proble of the transversely
isotropic piezoelectric materials and the first-order approximation assumption, the discrete
characteristic equation was derived by using of the displacement functions and electric potentia
functions with separated variables and the meshless method. The eigenvalue is relative to the
order of stress singularity and electric displacement singularity, and the associated eigenvector is
with respect to the stress angular variations and electric displacement angular variations. The
order of stress singularity and electric displacement singularity, the associated displacemet. the
electric displacement. the stress and the electric potential angular variations was obtained.

The influences of dimensionless parameter 5, which denoting the ratio of the distance to

interface wedge to the sigular dominated region were discussed. The results show: when the ratio
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is more than two orders of magnitude. the parameters obtained by eigenvalue method are in good
agreement with those by first-order approximation, when the ratio is less than two orders of
magnitude, the parameters obtained by first-order approximation can not describe the singular
stress and electric displacement near the singularity points, and then the influences of & must

be considered.

Key Words: axisymmetric interface wedge, stress singularity, electric displacement

singularity, eigenvalue method
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2(1-v)cos’ 8 1 2(1-v)

6 +sinf P 1-2v
Je
Ou,
1-2v §+sind ) 66
J
12(-v)
rr1-2y

—-sind

[
1 1

" rS+sind

cos’ @ 1 cosé &u,

1-2v

ou,

or

sin 26
5 +sinf

—-%cos@[l +
2

]

du,
86*
cos’ 6
d+sind

l 1
r1-2v

&’u,
06°

Gua

06

—(3-4v)sin 9)

1
=—-cos

r
1 (

+—

_i cosf

rr1-2v

sin 26
d+sind

1-v

1-2v

_(3-4v)sind
1-2v -

4

1
21 ——2—

(2cos€+

1 sin’6

. 1 sin’@
1-2v §+sind

2(1—v)sin9)
o +sinf

_ cos’ 6
d+siné

(3 ~4v +

(2-20)
8%u,

06’

276 _

06

siné

| HNTRBLEER (ry.0), BUERRAEESHBNEBELTEQHTRTH

EAGIRAG)
by (8) b,,(6)
Biu(8)  B(6)
bs(6) b5(6)
b6) b6
L 5;8)  BO)

a@) a6
a,, (@) a}, )
G(8) a3 (®) |
at(8) a’(0)
N )

a’(9)
ag () a5 |
@ 0]

d,, (6)
dge(6)
dy(6)
d;(6)
dy(8)

[ a..(8)
a., (6)
a5 (6)
a,,(6)
a.(6)
| a,(0)
[ d..(8)
d,, (6)
REAC
d’,(6)
d;(9)
| d;()

be(6) |
b;fw @
)
AC)
bt ()
bg (9) . \

s

16u,)
r 06
|ia,
r 06
10¢
r o0 |

b+

ylev|fe|®

—

(2-21)

0
0
0
ollr
0
0
SMEERMALIEOTR(E=rryy.00.r0.r.0,
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r=r,0y), EEARERXAH

_ sinf
' & +sinf
_ cosf
¢ S+sind

a,.(0)=c, sin* @ + c,;cos* @ + 2(c,, +2¢,,)sin’ fcos” 6
ab(0)=(c;, - ¢ - 2¢,,)sin’ Gcosf + (¢, + 2c,, - ¢;;)sinBcos’ 6
a’ (6) = e, cos’ O+ (ey, +2e,;)sin’ §cosd

bl.(8) = a;,(6)

be(8)=c,(sin* §+cos’ ) +(c,, +cyy —4c,, )sin’ Hcos’ @
b%(6) = (2e,5 - e,,)sinfcos’ 6 —e,, sin’ @

d! (6)=b:(6)+(c;;c05° 8+, sin’ O)T,
d’(0)=-al(8)+(c,;cos’ @+c,, sin’ O),

a,,(0) = cm(sin‘ 6 +cos* 9)+ (¢, + ¢33 —4c,,)sin’ cos’ @
gs(8) = (c13 —C33 +2¢,,)sin’ B cos 6 +(c,, - ;3 —2¢,,)sinfcos® 6
age(6) = (ey; —2e,,)sin’ BcosG+e,, cos® @

beo (6) = agy (6)

bg(8) =cy, sin @+c,, cos* 8+2(c,, +2c,,)sin’ Gcos® @
b4, (8) = —e,, sin’ O - (e, +2e,)sinfcos’ 6

d iy (8) =bay(8) +(c,; sin® G+cy, cos® O)T,
dgy(0)==-ag,(6)+(c,, sin® @ +¢,, cos’ O)T,

a,, (0)=c,,sin’* 6+c;; cos* 6

ay, () = (¢, —c;;)sinfcosd

ay, () =e; cosd

by, 0) =, 6)

by, (6)=cy, cos’ f+c, sin’ @

by, (0) =—e, sind
d,, 0)= bgw +c, I,

17
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dj, (0)=-a,,6)+c,T,
a},(8) =ap(6)

a’,(8) = (¢;, = 2¢;5 + €3, = 2¢,,)sin” B cos” @ + ¢, (sin* 6 + cos” 9)
a’,(0) = (e;, —e,, +e,;)sinfcos’ f—e,ssin’ 6
bly(6) = ars(6)

byy(6) = age(6)

b2 (0) = (e5; — €5, —e,;)sin’ Bcosf+e,; cos™ @
dr,(0)=b%(0)+(c,, —¢;3)T, sinfcos
d%(60)=-a%@)+(c,, —¢;;)T, cos’ 8

a’ () =(2e, +e, )sin’ fcosG+e,, cos’ O

al () = (e, —ey; +e,5)sinfcos’ G—e,; sin’ 6
a’(0) = =¢,sin’ 6 - £, cos’ 0

b;(6)=a](6)

b?(6) = e, cos® B+ (e, —2e,;)sin’ Hcosf

bt (6) = ({y ~¢,,)sinbcosd
d’(0)=b’(6)+e,T, cosb
d’(@)=-al(6)+e,l, cosh

a;(8) = (2e,s —ey;)sinfcos’ e, sin’ 8

al () = e, cos® 0 +(e,; —e; —e,;)sin’ Bcosf
a3(6) = ({ys — &,y c0sOsind

b; () =ag(9)

bl (8) = —(2¢,5 +e¢,,)sinBcos’ @ — e, sin’ 6

by (8) =~¢; cos’ 0~y sin* @
d;(@)=b,(0)-e,T,siné

dS(8) = e, cos® O+(e, +e,; —ey, )sin’ Gcosf—e, T, sin @ (2-22)

ZEAFEFRE. MEATETENER RS FETEQ10TRTN ({=p,2.d)
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[f (9)——+~[g (ﬁﬁ +h(0) J [1 (9) T+, (0)—+n (9)]}

a:

é 1 [ 5: 9 a 1 9 32 ) 0 9
3 T 3 e 3 - - l: 0 o 3 -~ 3
+[f (9)& +r(g’(9)6r66+h’(0)5r)+r'[’( )89’+m’(€)86+n*(9)ﬂu€

40) 2+ g* PPN R (WL |
+|'f’=(9)or +r( (0) +h:(€)ar]+r:[l:(6)ae:+m§(€)69ﬂ¢ 0

HF

f7(6)=¢c,, sin* 6+(2c,, +¢,;)sinfcos’

g,(60)=(2¢,, =3¢, —c;;)sin’ B cos 6 +(c;; +¢,,)cos’ 6

R (0) =(c;3 +2¢,)sin® 6+ (3¢, —4c,, - 2c;)sinfcos® G+c,, T, sin 6
I7(@)=c, sin’ 0+(c;, —c,y —c;;)sinfcos’ 6

m’,(8) = (3¢y; +7c,, = 2cy;)sin’ @ cos 0 +(2c, —cyy —¢;5) c0s’ O+, T, cosd

(2-23)

1, (8) = (4c, + 26, =3¢, )sinBcos’ 6 — (¢, +2¢,)sin’ 6+ ¢, (T76 + I} sin6) - ¢,.['6

f(0)= (e, —¢u —¢y3)sin’ Bcos b +c,, cos’ 6

£5(6) = (c;3 +c4)sin® 6+ (2¢;, -3¢,y —c;3)sinfcos’ 6

h8(6) = (2¢,3 +5¢4 = 2¢,,)sin’ G cos @ +(cyy ~ ¢,y — 5 ) cos’ §+¢,, T, cosd
19(8) = (2, +¢,3)sin® Hcos b+, cos’ 6

m$ (8) = (5c,, +3c,, —4c;,)sinfcos® 6 —(cy; +3c,)sin’ 6+¢,T, cosf

n5(6) =[(2cy; =56, - 26,3) 0’ 6+ (€13 + €4y —€11)c05* 6= (6, +¢,))T, + .1 Jcos b

—¢,I?[cos
11(6)= (e, +e3,/)cos«95in9
gf;(g) = (e, +e,,)cos 26
h(@)=-126)
15@)=-11()
m$(6)=~g;(6)
f7(8) = cyy cos’ B+(c,; +2¢,,)sin” Hcos b
20(8) =—(c;; +¢4)sin® B+(c; ~2c;; +3c,,)sinfcos’ 6

B (0) =[(cys +2¢,,)c0s” @ =(2¢, +4cy —3c5)sin’ 6+ (c;; +2¢,, )T, Jcosd

19
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I7(8) =, c08" B+ (cy5 —Cp3 —Cyy)sin’ Gcos @

m(0) =[(¢)y + €y = 2¢53)sI0° B+ (2c3, = Tey, = 3¢3) c08° 0 - (¢; +¢,,)T, IsinG + ¢, T, cos 6
7 (0) =[~(cpy + 2, )c0s™ O+ (2,5 +4c,y —3c3)sin’ 0-2(cyy +¢, )T, +¢,,T Jcos b
FE8(0)=—cy sin® @+(c,, +cy —C35)sinfcos’ 6

g%(6) = (¢;; +c4)c0s* O=(c; —2c5; +3¢,,)sin” Hcos

B2 (8) =[(c;; = €3 + €y )sin” 6+ (2c35 =5y —2¢15)c0s” 6 - ¢, T, 1sin 6 +(c)3 + ¢4, )T, cosf
1°(6) = —cy; sin* 8- (c,, +2c,,)sinf cos’ 6

m?(8) =[~(cs + 3¢, ) 05" 0 + (3¢, + Scyy —4e33)sin’ 6 - (¢ +2¢,, )T, Jcos 0

18(0) = [(Cys = €13 = €4y )SIN* B+ (205 + 5¢,, = 2053) c08* B+ (cy3 + ¢4y )T, + €51 Isin @

—(¢,y +¢,)T, cosb
f2(6) = ey, cos” O +e,,sin* 6
g!(6)=(e;s —ey)sin 26
h¢(6) = e,5 cos” O +ey sin’ O +ey, T,
1¢(6) = e, cos® @+e,, sin’ 6
mt (6) =-g{(0)+e, T,
£7(8) = (2e,5 +ey,)sin” G cos @ +ej, cos® 6
g7(6) = (3¢, —2ey; +e5,)sin @ cos’ B (g5 +ey,)sin’ 6
R} (6) = (3e5; —4e,s —2e;,)sin® cos 6+ (2e;, +ey,)cos’ B+ (2e,, +e; )T, cosé
17(8) = e, c0s” B+ (e, —e;, —ey5)sin’ G cos &
m’,(8) =[(2e,, - Te,s = 3e,,) c0s” 0 + (€5 + ey, )(sin® 6~ T )]sin @ - 2e,, sin’ 6 +¢,,T, cos b
1’ (6) =[(4e,; +2e5, —3e;;)sin’ 6~ (2e,5 +ey,) cos’ O—2(e,s +e5,), +e5,I, Jcosd
££(6) = (e)s +e; —e5;)sinfcos’ 6—esin’ 6
g2(8) = (2e,, — &5, — 3¢,5)sin” BcosB + (e, +e5,)cos’ 6
18 (6) = [(2es; - Se,s — 2e3,)c08’ B — e, T, ]sin @+ (e, + ey, — e53)sin’ 6 + (¢;5 + &5, ), cos@
19(8) = —e,; sin’ @~ (2e,5 +e;,)sinfcos’ 4
m®(6) = (Se,; + 3e,, — dey;)sin’ Gcos O - (3¢ +ey,)cos’ 8- (2e,5 + ey, )T, cosd

n%(8) = [(Se,s +2e;, —2e5,)c0s’ 6+ (€5, — € — ey, )sin’ 6 + (e + €, )T, + 5T ]sin @
— (&5 +€;,)[, cosd
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£46) = ¢, sin* -y c0s° 0
29(6)= ({5~ &,))sin26

h(6) =—¢, cos” 0~ Lypsin’ 6 - ¢, T,
16)=-¢, cos’-{ysin’ 8

mf,(()) =(¢y —¢x)sin260 -4 I (2-24)

23 ARMISMEHRE
LT ATRT R OMERF-NIEUER, 5 SMENMBHMERTE
TRUMTEESEHEEER

u,(r,0)=r'A(0), uy(r.0)=r'A,(8), #(r.0)=r"A,6) (2-25)
AT, sRAFFEE, A O FHAO)FHRTrAFMOMKUBHRL A,0) RTE
BAERE
BRQ-25)NETE R REEREMRNEEEEQ-18), TEEEFERANN NS E
o, (r.6) () Al+¢,(6)] A5,(6)
a0 | _ i) Za®) | _ o A+6O1+21 350) | {A,w)}
o,,(r.0) z,, ) A+(A+2m)5(0) (A+2u)5,(0)| |Al0)
0 4(r,0) Z,,(6) 0 -u (2:26)
A+2u 0 ) oA(0)
ol A O] MA@ 0 A+2u| |Tap
I IR {Ag(o)}” 0 4 |90
0 u U 0 00
He
sind cosé
5O=3Tme 29" 5rme @-27)
RE, ¥RQ2)NATFFEFER19), BRARF 2745
(@, +8,,)5> +(By + by, )5 +Cy +8,, =0 (2-28)
Hep
~ _2(1-v)sin@
Gy == MO

d,, =cosf Ay(0)

21



WHL T RFF 203

~ _2(1-v)cos@
9=

d.,=-sind A,(6)

A, (6)

~ 2(1-v)sin’
P = 1 {21 v)'sm 0A,(9)+cos€ OA . (6)
P 1-2vl S+sind o6
~ i - (%
§o- sind {271 V)_COSHAO(Q)+ o(6)
P~ 1-2v S+siné 06
- i %] -
. sin@ [_(1 V).COSHA,(H)— 5A,(9))
1-2v\ & +sinf 08
2 2
5, = 1. cos g—sinzﬂ A, (6)+ cos@ 0 A97(9)
 d+sinf\ 1-2v 1-2v 96
Ep]=2(l—v) c05"6’ _ snfﬁ ——sind A (0)
1-2v \ 6 +sinf (S +siné)

+ (3-4v)cos@+ sin ?9 oA, (6) +sind 6'/\{0)
1-2v o+sinf) 06 o6
p— ¥4 2
7 - 1 (21 1).cos 9—(3—4v)sin0 OA,(6)
7 1-2v| J+sind 6

—cos&[l+ 2(1—v)( sinf 1 HA"’WH 20-v) g A0)

1-2v (5 +sinf (6 +sin6)’ 1-2v o8°
=~ 1-v (20050+ sm'26 )A,(H) e cos? 0 S0\, (0)
: 1-2v 0 +siné 0 +sinf 1-2v ) o6
_(3-4v)sin6 8A,(6) +cosd *A,(6)
1-2v 06 06°

z, = (sin&— ;_fsj 06 . 1 17 5sm'. 09)/\9(9)
-2v § +sin
sin v , 2-29)

-L(G— )05+ LS 20)6A9(9)_2(1-v)sin9 &A,(6)

1-2v S+sinf 00 1-2v 06’
BRQ2NETFENE RS EEME AR FREQR-21), TEEESERXNNS
MEMBETE
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) ( ) [ i .
0,(r.0) z,.(0) bL(8) b2(G) b(6) N (O)
c,,(r.0) z,,©) b, (6) b,,0) b5,©)|| 5
{aw(r.e)mrﬂ Z"”(G)mr‘ b,;,(O) bg,,(e) b;,”g(G')JaA@(G)>
O-ré(rve) Zrﬁ(g) brre(e) bfg(e) bfe(e) 64)0
D,(r.6) %.0) ) bO) b0 ||
2.0 \Z®)  |ne Ko ge) * 030
- ~ - -3
a, @) al@) at@) | |d,@) die) die)
a,, ) ab 8 da )| |d.,©6) d. 0 d®|| .,
Y o p ! e Y N (6)
4| | @) (8) aly(6) | | d;(6) %@cmm_ﬁ@
a:g(e) areo(e) 0:0(9) d4(9) drge(g) dfo(g) A
G)
a@ a@) da©® | |d® d'® de)
L a;0) ag(0) ag®) | | d;(0) djB) did)
FE, BRQ25NATFEEHRQ-23), BRARFr2ETE
(*A+sB+C){A,(6) Ay 0) A O =0 (2-31)
He, KA. BHCHRETETS
A= f;(0)
T _ AT i_ 7 7
Bf = g:(0)= - f; )+ K(0)
C’ =l’(9)a—2~+mi(9)i+n’(0) (2-32)
{ 4 602 I o6 4

’ T EEEAEBEEL MR, BURQ-12)M(2-13), THNAARERRNATEL
MR EBRELMH
Ans(@) = A, 00)
| Ags(00) =Ag,(0)
200y (@) =L, (0,)
Z,61(90) = Z,0,(0)
Zooi (@) =Z,0x (@) =0
NTER/FEEEE, BURQ-149HQ2-15), TRNEARER TN AEELLAHNE
HRE&MF
A, (@) =A,,(9,)
Ag1(00) = Ag2(9,)

A¢.2 (@) =0

(2-33)
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Zo61(00) =L 402 (0,)

Z,6:(00) =Z,52(0)

Zo6:(0)=Z,04(0) =Z, 2(5) =Zy2(0,) = 0 (2-34)
WTEBR/EREEME, BuR2-10f02-17), IANEARERTHAEEELHMNE
BRE &4

Ay(@)=A,2(0,)

Agi(00) = A (0))

Ag (@) =A,5(00)

Zo61(90) = Zg62(00)

Z,61(00) =Z,0,(00)

Z)(00) =Z4,(9,)

Zos (@) =20, (@) =2, (9,)=0 (2-35)

FHELEN. BEAFLENENENTESRE, HRT-1M5RZBOLURER
FIEEsFXRO—EUEAE, BTRESEIRE.

24 IhE

FENBE N E & MBS SRS/ S R & ] A I b/
AHEZRHHHREENER TR R, ETHNHAERNT YRR RN H%S
MEAN—FHELER, MALEERNEESERA, SHT UMM AT NS
SR,

24



WL T REW LA

E3E FTRMEBEAENIMBEKRE
3.1 EMAEE

—. TRBEER TERTITEFHNBEREROER, EERRHEHRAS E4H
2yEERRAB ORI EEE, ERTERRRYY R, A, MEHRY. /H
B, RBAER AR, UREREREFAETHERE TEREANET.

TR ENERBERERER LEEREFRANT R, RATANRE (LR
KRS SREFRANYENLFE, DR A SRR EE R AEE WA LB
EEAMES RS, FUERSTAEBENTAYESRXNRARELTE, ETRE.
TR ESERTENEREMENRERNETERR T ENERBE LIRS,
SRR ATH, T LAH R KRR B 18 IR 8, T AT AR A s R # X 3
NSRBI .

TR ENERTES RN (OERERET SR TER: QRMET AR mEEIN
REBEH R QPTETSNIEEEHEERE FRIEER, ERALSRETEL: 4)
Wi 5 &4, RBHEE.

3.1.1 EREEEBTMN
ERS LT REEBETEN, BBELEL— B ERh i — a5 S,
SRS RATRREEL I, AT R A BN NS EER. BT ERELRRETA
R, HEEVERS AR
AR A — 2 x = (x,,2) R B B A B 5 S RS
FEN
wn=gaum A G-1)

R, nAESESxNEEXFHTOTAEE, o ATANTRHEE, ¢(x) ARX
YHBEFVEINERE. B HTR—SxfREE, TUERARNIFEHEER
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BETEE, BEAERRER.

312 FEEHNE
EXFRNTREENEERERED, NTXHERQ EENHRSK, YETZ
BLF & (xy. ) B, BEBBEGRERTES

u(x,9)= [ PT(x, )M P(s.00p(x, = 5,3, ~1Yu(s.t)dsdr (3-2)
HEHEHRN
u’(x,y)= Y N, (x ), ' (3-3)
J=]

K, nAXBEANFETSE, y hRKITEHEE, N (xy) VEEZHEERL,
BikR

N, (x,¥) = PT(x, )M " P(x,.3,)p(x; = %1, ¥, = 3)AV, (3-4)
AV, A S TSGR, TRENEMER 1. P (s,0)={P,P,..R,} Amx1 EERH,
NFLEARZERE, —EREN

PT(s,t)=[L,5.1] (3-3)
—HERLY |

PT(s.t)=[L5,1,5%,s1,1] (3-6)

M ASERBHEXE mxmr iR, BEHELRA

My = ZPi(xj Ie(xp =X, Vg ‘J’I)P,'(xx,y; AV, (3-7)
I=1 b

P, oy AWERLH.

313 MEX

REFRUERRENEL, NREEERER/Y, EREWT HEXBNGEH. W
ERBHELEQ, AHEETHAR, PEx AFARSEERLONREEWEQ, . RRE
WEH o(x-x,), EFx REBHPEE ST RAALN, x BXBEPTSINRHT R
MAER, WA R BAE R 2 T 5 &4
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(1) o (x-x)>0 (EZWHQ,K)
Q) o (x-x)=0 (EEWEQ, )
3) [o x-x) da=0 (EEMEQ, L)
(4) o (x—x) HEERERE, BEREE x 3 x MEEB IR
ALEH, MEERE—NEXEE MEREMTHA X, £l e (x-x) =0 KR
XBAFENL, MEXECRKEAT. ERREH E X8 REX E— B8 SR ER
REEmER. NEHRSTEEEEX, BR
0 (x-x)=0 () (3-8)
b, dAHERTEBEET S WEE, Bd=|r-x|. ¥TFERNELEWE, §
HKEBHa, MAE-)WERERLENLE, 7R
o(d/a)=o(d) (3-9)
RH, d=da ALERNEHEWER. RENDEWEREN, TUBEHFSHEL
XEFEHONERY, HTERETETELNE:
(1) BREH

_ ~(d/a) a_(l
@@= _9= 3-10
¢ { 0 d>1 ( )

e, oMBERENa=04,
(2) ZREFRH

2432443 d<k
3 2
¢(3)=<§-43+4Z2-§J3 %«751 (3-11)
0 a>l
(3) B B&IEMERE
(-
1-6d>+6d° ds—;:
¢(3)=7;13< a-dy %«751 (3-12)
0 d>1




WL DAL REFH MR X

32 WA ENRENTRMESIESE
FRELERKE, HEREE-_SN—%S0ERE. BoMERKS

PT(x)=[lLx,x*] (3-13)
L)
0 2<z,
Q)(xK-x,)=l 2-z,)'/6 1<z, <2 (3-14)
(2/3)-::[2(1-21/2) 0<cz <1
Hd, 2 =|xy-x)/d, dRTFIFERExFEBKAD.

T R T A R R R R AR B R, RO SR AR & B E
FRM . MTRMHFELOLFERNT AN, ET2RTARNERT =44,
MEERHEAR. Bn ReHEEBEKROESE TS, N ,0)RAgRHHTL

BET 6 BMNTEELME NMEHT ANBERH, N, 6)FN0)IHRTEE

RHH—PHNEH. CBREAARERESRNERBITAER N
A 4(8)=N ,(8)-N,, =N,(6)-A,,

aA, ,(0) , ,
2 =Nj.k(9i)'Aj;Jr=Nk(0,)'A,;,k
oo et

A, (6)
06*

=N, (6) N, =N (6)-A,, (3-15)

6=4
K, Ay (§ =r0.9) RTARMPTRABHERARHTINE, N,(6) N,(6) HIN,©)

SARTEERFTRERE U ZH &% EREF £~ n CEAKRH,

321 EREMREEAHRBNTRER
BRG1RA TR FEFE0-19), T4
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WL Tk KSR ¥ X
%;.l ‘Ezli 0 0 Ar.l ?;l ?i]i 0 0 Ar.l
JAL AS L0 0 ||Ag| B, B0 0 ||A,
S “;_—--.;_L_-L“——-K-_' +s - _‘_—:——_—;‘-
0 (A, A%, ||A 0 0 B, BY,||A,
1A A 1 Bpa Bon B
0 0 :AZZ Af’ A9-2 0 0 :B.CZ Bf'.’ AB,'.’
S e (3-16)
Sp.l (Ep.l: 0 0 ||A,
+ _C‘_;;]___C_f‘l_.li-:Q___:g_ Ag =0
0 0.C, CollAn
0 0 .C, C,|An
Hep
~, 2(1-v,) .
[Aer]y =_(__‘./Llsm0’ N_].k(gl)
<V
!
; [A%,], =cosf, N ,(6)
~, 2(1-v
[AL], =_.(____Vl’i.)_c056, N ,6)
[AZ,],=-sin6, N ,(6)
- 1 21-v,) . 1
B’ ¥ sin € N (6 + 6 N .6
Bl = 1-2v, 6 +sinb, +(6) v, c0s0, N,4(6)
~ 1-v, sin(26) iné
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