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Study on fatigue crack growth of laser melting deposited high alloy steel

DUAN Chenghong, WENG Zhiwet, LUO Xiangpeng, CHI Hanlin
( Chemical Equipment Design Institute, College of Mechanical and Electrical Engineering, Beijing University of Chemical Tech-
nology, Beijing 100029, China)

Abstract: In order to study the fatigue problem of laser melting deposition( LMD) high alloy steel, the fatigue crack growth
path and residual life prediction of typical samples were analyzed by the extended finite element method and the direct cyclic. The
parameters in Paris formula were obtained by the fatigue experiment of center crack tension( CCT)specimen, and then were used in
the finite element simulation. The crack growth process of CCT and compact tension shear samples was studied by the finite element
simulation and the experiment respectively. The results indicate that the crack growth path and fatigue life obtained by the finite
element simulation are in good agreement with the experiment data. The error of deflection angle of crack propagation path is less
than 16.54% , and the error of fatigue life is less than 2.72% . The results show that this method can predict the fatigue crack

growth path and fatigue life of LMD high alloy steel components well, which has a certain engineering sense and practice value.
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Table 1  Chemical composition of 12CrNi2 powder ( mass fraction)

Fe Ni Cr Mn Si C 0

element

content balance 0.016 0.0099 0.0056 0.0033 0.0012 0.00008

Fig.1 SEM i;nage of 12CrNi2 powder
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Fig.2 Testing system of LMD
Table 2 Process parameters of LMD

laser spot scanning power overlap layer
power diameter speed feeding rate rate height
2200W 3mm 10mm/s 11g/s 50% 0.5mm

Fig.3 Components of LMD

a—appearance morphologies b—mnon-destructive testing face
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Fig.5 Geometric models of samples
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Fig. 6  Finite element models of samples
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Fig.7 Loading diagram of CCT
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Fig.8 Loading diagram of CTS
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Fig. 10  Relationship between different mesh sizes and cycles of CCT
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Fig. 11 Relationship between different mesh sizes and cycles of CTS
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Fig. 12 Crack growth path of CCT

a—XFEM results b—experimental results
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Fig. 13 Crack growth path of CTS
a—step-1 XFEM results b—step-1 experimental results c¢—step-2 XFEM

results d—step-2 experimental results
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Fig. 14 Schematic diagram of fatigue crack growth path of CTS

Table 3 Deflection angle of fatigue crack growth

deflection angle specimen 1 specimen 2 XFEM  error/%
o (step-1)/(°) 2.22 1.71 1.64 16.54
a, (step-2)/(°) 39.66 47.11 37.55 13.45
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Fig. 15 Crack growth a-N curve of CCT
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Fig. 16 Crack growth a-N curve of CTS
Table 4  Fatigue life of CCT

XFEM-CCT
480454 0. 44

specimen 2 error/ %

494774

type specimen 1

461946

fatigue life

Table 5 Fatigue life of CTS

type specimen 3 specimen 4 XFEM-CTS  error/%

318243 348685 324909 2.57
461762 477800 456999 2.72
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