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Frictional Contact Problems of a Finite Plate with Multiple Closed Cracks under Fastener Loads
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Abstract: Based on the mathematical programming procedure of the contact problem with friction and using the
complex potential method in the anisotropic plane theory of elasticity, an efficient approach is presented to deal
with the frictional contact of a finite anisotropic plate containing multiple cracks subjected to arbitrary loads of
fasteners. The complementary parameters introduced to the contact boundary are expanded into the Fourier se-
ries, and the linear complementary model considering the crack closure is obtained by means of the Faber series
expansion, conformal mapping and the least square boundary collocation technique. Some examples are given
to demonstrate the correctness and effectiveness of the method. Numerical results indicate that the present
method has many advantages such as high accuracy. good convergence, and is convenient to investigate the
effects of crack closure on the fracture capabilities of structures.
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Fig. 1 Local surface of the closing crack
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Fig. 2 A finite plate with multiple elliptical holes and cracks
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Fig. 3 The distribution of pressure caused by fastener loads

6<>COS(€_@(>>a 66 |i6<>_%’ 90+%}

|
1 iy

(8)



o5 28 %

ﬁqj H 00 = arCtanRym /R.nn s 09 — mi

R fh 25 178 =0 (3) P B9 B 4M 2R 13 R BT AL
ve (k= 1,2,3) YRI5 N E I 27 0975 BRAL, IF
i )& Dirichlet 2514 8% H & i Fourier 2% %%

foo
/\k.p - Z /‘\/\,,,,,l,eiyl() (9)

o0
Ur,p — E [A)k_,,,,)einﬁ
AP p B p RN p € o AR R K
ﬁﬂ%‘@%%ﬂ ik.u.p *n lA)k,u.pﬂﬂ‘jﬁEﬁﬁ?Hik.*n.p -

- /U.u.p sV, —n.p

(10

=7 Vkunipo
FARG)HRE Ing, . &) (z) M 2 fFEDLFH
L, (p %~ m) BBl N BT A Faber 40", X (5)
A GBS BT N IS 4 AR A B4 O %
BEIFENRL, (p=1.2,.D LAHE, =€ =0,
B A &2 AT £R R o IR R EOL K. 35
p &L B BRI A H R T Fourder 4
B p e I FAE R D) Fo FIF ., o R ]
FRAE (1), Ky 28 503 T 19 AH X057 8% I 2 4 ek 5L
@ (2,) FmER L9 — LA ) /I,
G020 N 2L m ik ) R R by
ajp A g, FRIFARAB R LMD i, AR
W 3 AR AT R IT 1 Fourier /4.4 ¢” = 6 H.
WES N I, 455 2 M R R R ok =+ 1,
+ 2,0, N B REHE, IO R KT bjs
Ay h=1,2,-,N) Al
My (P ET s k=1,2,3; n=1,2,-+,N) i 2NI
ALY X T AN R Lo s R A /N 3 ih
PR AE P Ly B, 2, (¢ = 1,2, M,
M= 2N+ D ARABFFM BT b Flay,
() M ALk T R, 5 Fh P s A5 30 0 5 1 2i Bk
ST SR K R BB by M aye F A, R i [)
A LA —FFARAKXG) H5E 3 A~ 18
HE R BEZB Aoy M 0s, B3N AL AE DT R
4, 5 R BEIE 2
GAL+v=W
XA = Dy Jina s 0= Loey Jonr o
W B AME B R AL, Ao, , 3 BEMELR, IF
LY 55 BRBUE A ey R0 by AR Ay R0y »
B QD e RE KRB o, Mo, BIZTE
TR BT
GA +v =W (12)
XA = W divoas 00 = [ dovas
G =g v o s W= [ Jon 1o B3T3 BEER

apg(G=1,2; m=1,2,

(1D

PEA B2 il 30 B0 BN SR AT TR AR

AT =0

A =0,0 =0

3 (12) 313D 4 B A o 11 28 1 B b n) f8E, AT

KA Lemke %83k ok . R A )5, Hit&E
Aoy« BRI AR A 20 B 26 AR 20 0 R AL o
BRI it B2 3 R B o) (=) B A BB 5 58 R B 0 N
a ;e s INTTAS B 55 P 5 4 80T T [0) R il 25

3 HEER

(13)

(1) 25 B b KRB B AR, 7E 3L
P32 X FR A ET 28 Q VR ETHL AR o T B
05 /e ¥ S R AR 71 00 ECKE 2a, 458 R
W 4 R o AR A - T AR AR B4 R 52 4% 1] [+
PELBUE B8 0 = 0,999, = 1. 0011, Jif PR AR HE
E = 206 GPa,JA#A L v = 0. 3. UM 0 R 12 %
K:H/a = W/a = 200, 0] F J§IC BB KA 0L 1R
Pt SCHRL7 ] AT 2R QA /e S BUEKTT Bl 25 2o
Q . 2480 B & A P A AR S AR T 1
B 42 ik X0 PR 4 D) R & R ML X8R EE R 20,
BREGRAT AN = 20, 008 1 A I 2 8 m = 20,
ESH T E, =E, = 10°E, R 8UH B R4 1 =
0K 5 g5t TASFIETFL P42 T 44 I 7 i 32 A
TR G X BURT o (R0 OC & & i g 2R SOk
(TSR b Fy = K /o /ra HA—ALN 58 %
HFh/a =1, r/a = 0.01 B , AR SCHE LR 53
BRL7 ] TR IE S W 5 350 F B A ET AL
PR /N AL R AT Q S8 W] A T AR
£ 71 5 [ EE SRR A ) P A DX I 4 80R
Uit IO 98 B DR Rt A T FL AR o BB I 48 A L i L
P DXCIORST & R T 5 B DR )

N A S A A O A
2r
—ﬂQ% -::7
Al:lgii =
2a o~
Qé) "‘_
2w

FH i v b vt le

4 RO Y SRR T B
Fig. 4 The plate containing a crack subject to tension and

fastener loading
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Fig. 5 Variation of F versus the contact zone b/a
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Fig.6 The shapes of crack under different loadings Q
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Fig. 9 The ansiotropic plate with multiple cracks
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