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Abstract: In order to conduct a comprehensive damage tolerance analysis of critical engineering compo-
nents, it is particularly important to develop a numerical analysis method for fatigue crack growth that can consid-
er the small crack stage. Accounting for the characteristics of the small crack growth behaviour of nickel-based
powder superalloys, a crack growth rate model applicable to both small crack and long crack based on the Paris
formula was proposed. At the same time, considering the engineering application, this model was inserted into
the Franc 3D software through the python extensions to construct a numerical analysis method that could analyse

the fatigue crack growth of the actual engineering structure such as the aero—engine turbine disk. Numerical analy-
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sis of crack growth was carried out on the FGH96 alloy specimen with initial defects. The numerical calculation re-

sults are in good agreement with the experimental results, indicating that the method can sufficiently consider the

characteristics of crack growth behaviour at the small crack stage, and is suitable for analysing the whole process

of fatigue crack growth in engineering structures.
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Table 1 Data of initial crack size and fatigue life

Defect type No. o, /MPa a,/pm co/m  Nlcycle
1# 1200 26.91 17.31 8581
24 1200 21.42 22.35 9504
Natural defect
3# 1200 8.97 24.50 10322
4# 1200 17.38 16.87 6832
S# 1000 25490  210.74 6832
6 1100 226.82  209.93 5443
Artificial defect
T# 900 410.46  403.30 6016
8# 1000 439.59  396.59 4609
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Fig. 9 Flowchart of calculation of crack propagation life

Table 2 Parameters of crack growth rate model

.| mm/cycle _
Parameter C y) m KJMPay/m AK,, (o /MPa Vm AK, . /MPay/m k/mm™? d/pm
MPa/m lone -
Value 3.29x107% 2.62 105.73 1.9 8 20 23
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Table 3 Comparison of numerical and experimental results

for crack propagation life
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result . Paris law
this paper
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Natural defect
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44 11119 8684 13995
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Artificial defect
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3 4609 3621 3621
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