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&
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—00
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[M(s,p)}; = [es(Rs, PI[D5(5,9)] — [es+1(0,P][D] 41 (5,2))] )
¢ra(s,p) | _ s Aos+1)(8,p) 1 ) Agy(s,1))
{ ¢y (s, p) }j =l 0, 2] { Bo(y+1y(s 1) ! I (s, 5,P) { \ Bos(s,p) (314

AT RBERERN (03(Z,0),7)(F,p)) ® (95,(T, ), 05;(T,p)) ZHEKIRR, EXTFIAE

AN ¢f'31 1sr atm isT 3=
{g (s,p)l —< dr ¢y1e dr
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c1—at 1—a1
CN-11TEN-1 L CN-1+EN-1 L T
/_ } “5_“”(1_;’.:11@"(;1? l . qby(N_l)e‘"dF} (3.15)
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(£@p)}={iof m - ok TR} (3.16)
{8r(s,0)} = {(br=)1 (bry)1 - (bradn-1 (Bry)n—1}' (3.17)

FIRHH ETEEN D AZMLE, Xt (3.12) #£4T Fourier #:5
o0 .
D] / (Z)ei*=dz = { &} +i{ &1} (3.18)
R, [D(s,p)] A5 Lj(s,p), Mj(s,p) & Nj(s,p) BRI =X A%, HEEIX5 (2.12) MR,

R%Jﬂ:&t Lj(S,P), Mj(s7p) & Nj(S,P) jb 2x2 B(]%EM-: ‘i«E. [D(S,P) E‘JJ‘E%EM:‘% [K(S,p)], K,'.:L(S,p)
A [K(s,p)] B% m 175 n FILHK, Xt (3.18) K47 Fourier HRHH R REH B E B

(e N-1 .z +a& (2k-1) (2k) i
{wj (:I:,P)} 1 3 /ck+ak (/+oo [K((%Jk o K(2 )1)] is(F—E)ds) {¢zk/l}dF+
77 (Z,p) 2 (o Jo-m V- LK K Puk
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. N-1 ,too (2k— 1) (2k)
'él‘ / |:K((22'§c 1) K(2(12k) jl{(pTz} ewiSEdS (319)
T S0 LKy L ¢y )
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UEHESHBG-PREHSIARMIEEREEY, EXA-HEFF 2V -1) A HHE, FTH
ARG RE (s o ANFH), WiZAARMEEEREAT, W ¢on(T,p), 6yn(T p) BFTF
%, At ERFEFEFERBOTENEETRYNTHBOFERE.

AT (K (5,p)] H |s| — oo B RIBTEATA, m%%&ﬁﬁﬁﬁﬁﬁﬁﬁﬁué‘*@‘ﬁﬁﬁfﬂ%ﬂ:
%, BRANELSW [K(s,p)) PERYFEMRBEHEROTR, RIMUTRHHSERZFEA
BEETNKEE, e [K(s,p)] IBEENTHTHEAAZE

sgn (s
KE(oom) = lip KED, (50) = -2 @, (3.20)
K((S;)_l)(oo p) = S_I:I:Eoo K((22]) V(s,p) = gn(s) (Ge)j (3.21)
A
(Go); = ((Cr1)s + (C12)s M) ((Crn)g + (C12)772;)(Ces)s (@), = (G2); (322
“ (C11)s((C12)g + (Ce6) ) (A1s + A2y) ’ Y9 AraAes )
BeAE Mg, Aoy AHSHES TR (3.4) X |s| — oo BHHIR.
X Fopy (s,p) = k2, (s,p) — ki (00, p), ATHE— 5% (3.19) R
. ) f,(2k ~1) (2k) ,
1a(mp} i T T Ky Ko 1)1{¢>w} I
. =5 ) i92 5.4
{ (Z,p) 2m £ ./_00 r(gj ! g;) i¢Ty
Vo1 34T (2k—=1)  —(2k) )
: IZ:I " (/ l:kgi 1)) k(z(Jzk)l)} sr_z)ds}{%k/l}dﬂ-
o a-ak \J-oo | K(zj) k(25) Dyk
=i(Gy); /,+ by
2m g-a; T—ZF
(3.23)

Galy [*% b

2r Jeem; T—T
3.3 FRMASFIERENR
HE (3.23) MHLABURRLSI BB, HTFRAERFOER, LRFERAE

HE R ERRYE 1/(F-7) NSRRI EL, KRB 23 WhHE (2.16) MAEHLY, &
bt bay N ¢y; A ARMEE CF(p) # CYL(p) WEBER

05 (@75 +Tj,p) = Z N1 - (3.24)
$yi (@75 +25,0) = Y CL (DT(F;)/ /1 - 72 (3.25)

m=1

KB 75 = (F—¢)/qj, Tm(T;) AE—KYILE R (Chebyshev) TR BEEBW R M J|, ¥
AN (3.23) v, ZQUE R 5L R 44 (1.2) FTRUA AR 2L, T A o S AL 3 U]
WRE. R do; M oy B, BITTH (3.23) AR FHEMN S, REH (3.10) BHARHLE, N
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WA BaBRh. BE k., TREAMKFLE o], (T p) RHAMNBHEYE vf1,@0) A

sin(marccos ;)

(Wi @p) vin@Ep) = -0 Z( ®) Cln@)———" IEl<1l  (326)

B 75 = (T —-¢;)/a;, A (3.28)~(3.25) AT RGRGARM I B R I BN BERTH
Rk

(K7), = (y/2les —09) — )y @) = — Y Z 1) Cl (o)

(3.27)
Gz)i /05
(KI*I)]‘ = ( 2[(c]' - a'j) - m])z—»(cj—aj)‘T;(fap) = L—);;/‘@ Z(—l)mem(p)
m=1
MY AN
G M ]
(K), = (2065 = 8) = 2D) o 4o 75 o0 = — VT S~ v )
™3 | (3.28)
* (Jz)J\/a_j 'Ai %
(KH)j = ( 2[(c; ~ aj) - z])z—)(c,-i—a + T3 1 (Z.p) = - N~g > L Cim )
m=1
4 HEEH

SRT-—E A RBNGH, JLARYRELSHFME 2 iR, ZEWHERENEENALE
BEREUREENHEENAREH [ ABEIIRBEME (FGM) R EBEAR. SHWEEERN b,
DI E IR B by, WERNEALEERENEERE. MK RER B, AR v,
HERRY o, REFE p, PRk, EFHR c WEHLE L

F 1 MINFILE B AR

Table 1 Thermomechanical properties of steel and alumina

E(GPa) v o« (m/m°C) p(kg/m?) & (Wm/m?°C) c (J/kg)

steel 206 033 12x10¢ 7.85x10° 25 460
Al,O4 380 0.22 85x107% 3.96 x 10° 46 765
alumina base crack 2
FGM interlayer — h
steel base crack 1

B2 PO TR R L S5
Fig.2 A functionally graded joint with two cracks
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B FGM FRBEREEAN MR, ERHTEAAEME, WRHE & L0 5k
MERERASHERL, RATRARGRE Voigt B-AHK FGM 8 2 R R, 1o,
BERGRERAN 20 = h/3, BLFOMEME, SHREGEAGEHME. TEE T € (—4h, +4h)
EHEAERES TR H (¢), i H(t) & Heaviside BV RS, LM ALEHIFE
i<l B

FRAAXRHHBESEER, & FGM FHEEXNS A N M ERENEE, BRI 53N
TEERFIHEERNERNE 3 Fn, AR TihRm AL&RE, TLLEH, N SH%FT 20 #
30 0, WHEFERBLIEFEEE, MRHI—FWK N, FEGRILFERERM, SHRHA, BR
K3 s v R M AR, XA LD R BRI BRE, DERTEBA RS H R E
G, SR A ST s H R

0.016 —
\: /.‘4—-
= 0.014 [ crack 2 'S —~ —- N =10
0.012F * = Ne =20
§ F — N, =30
"§ " 0.010F — N.>10
1’4 F
[x] -
0.008
.S, 0.006F
\ 0.004 F
0.002 F
0.000*
0

B3 BEER o AN RER T HEKEMN (hy = h/3)

Fig.3 The influence of dived plies number N on thermal stress intensity factors (hy = h/3)

FGM FRIEEESBAMN NEEEFRXRAWE 4 Jin, BTREZEQHEIE,
hy Yot #8750 J5 R F S+ 4 2, B SRR B RT LABE Ry BOBEINT I NS R, X B
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4 NHBRERTFESHEAREENXR
Fig.4 The effect of FGM interlayer thickness, hy, on stress intensity factor
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AXEY T —HESTHRESNRAB I RS AR 7 B E 7%, SE T L
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NAFRFIIREFE.
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R BT LA E R A
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DYNAMIC FRACTURE MECHANICS ANALYSIS FOR
NON-HOMOGENEOUS COMPOSITE MATERIAL
WITH MULTIPLE CRACKS

Wang Baolin Du Shanyi Han Jiecai
(Center for Composite Material, Harbin Institute of Technology, Harbin 150006, China)

Abstract The problem considered here is the response of a nonhomogeneous composite material
containing some cracks subjected to dynamic thermal loading. It is assumed that all the material
properties only depend on the coordinates y (along the thickness direction). In the analysis, the
elastic region is divided into a number of strips of infinite length. The material properties are taken
to be constants for each strip. By utilizing the Laplace transform and Fourier transform technique,
the singular integral equations are derived and solved by weightea residual: method. Attention is
focused on the time-dependent full field solutions of stresses, stress intensity facter. The special
features of the present analysis are: (1) multiple cracks perpeundicular o ihie thickness direction,
(2) material may be orthotropic and (3) take into account of ihe inertia effect. As a numerical
illustration, the dynamic stress intensity factor of & functionally graded material with two cracks
under sudden apriied thermal fliu: on the upper boundary and the lower boundary of the material

are presentec for various material non-homogeneity parameters.

Key words non-homogeneous composite material, functionally graded materials, multiple crack,

dynamic thermal stresses, stress intensity factor
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