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Abstract

This paper presents a continuum-based shape design sensitivity analysis(DSA) method for crack propagation problems using a
reproducing kernel method(RKM), which facilitates the remeshing problem required for finite element analysis(FEA) and provides the
higher order shape functions by increasing the continuity of the kernel functions. A linear elasticity is considered to obtain the
required stress field around the crack tip for the evaluation of J-integral. The sensitivity of displacement field and stress intensity
factor(SIF) with respect to shape design variables are derived using a material derivative approach. For efficient computation of
design sensitivity, an adjoint variable method is employed tather than the direct differentiation method. Through numerical examples,
The mesh-free and the DSA methods show excellent agreement with finite difference results. The DSA results are further extended
to a shape optimization of crack propagation problems to control the propagation path.

Keywords : reproducing kernel method, crack propagation analysis, J-integral, adjoint shape sensitivity analysis,

stress intensity factor
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Table 1 Comparison of SIF(Mode I)
K, Error
Analytical solution 34.00 -
Model A @ FEM(15%X33) 31.57 7.15%
Model B : FEM(29%65) 32.67 3.91%
Model C : RKM(495points) 33.62 1.12%
Table 2 Comparison of SIF(Mode II)
Ky Error
Analytical solution 4.55 -
Model A @ FEM(15%33) 4.47 1.76 %
Model B : FEM(29%65) 4.49 1.32 %
Model C : RKM(495points) 4.58 -0.66 %
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Fig. 8 Crack propagation with stress contoured

g2 A AANNE B3 gA|o|t}h. Fig. 59 #e
BHM Ag B892 9 Ale T st 95 2A
gl FEo] HAJA 7 wkoz p=10%] 7iAa 3l
o @R HSE fellx LE8F 9 Ay o die
EE A "E 9] 1%E WsAZT M4 A 2def tist
o 74 714712 Mode 19} Mode 119] 62
= Table 3o UeRT)

Table 3 Results of crack propagation analysis
0., (Radian)

Stress Intensity Factor(SIF)
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Table 4 Comparison of shape sensitivity of displacement

Shape Design Sensitivity of Displacement
Node Analytical FDM Accuracy
23-x 5.03E-08 5.02E-08 99.94%
248-y -1.08E-06 -1.07E-06 99.58%
481-x -6.32E-05 -6.26E-05 99.18%

Table 5 Comparison of shape sensitivity of SIFs

Shape Design Sensitivity of Stress Intensity Factor

Analytical FDM Accuracy
Mode 1 2.84E+00 2.80E+00 98.73%
Mode II -1.05E+00 -1.05E+00 99.77%
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Table 6 Crack angle after optimization

Design Initial Optimal

Crack Angle 0.0 5.2320E-01

(a) Initial (b) Optimal
Fig. 10 Crack propagation after optimization
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