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Abstract: Additive manufacturing of nickel-based superalloys holds significant promise for applications in
aero-engines and gas turbines. Evaluating the mechanical properties of these materials is crucial for
facilitating their use in load-bearing components. This study investigates the high-cycle fatigue performance
of the GH3536 alloy, which is fabricated via laser powder bed fusion and then undergoes solution heat
treatment, with the assessment carried out at room temperature. By utilizing X-CT technology and
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performing fracture analysis, the defect characteristics of the material are comprehensively characterized.

Furthermore, a quantitative analysis is conducted to explore the relationship between defect size and fatigue

limit. The results reveal that the alloy contains porosity and lack-of-fusion defects, with surface and

subsurface defects being the main contributors to fatigue fracture. The defect density in vertical samples is

lower, leading to a slightly higher fatigue limit compared to that of horizontal samples.By using the effective

defect size in the fracture source region of the fatigue sample, a more accurate and conservative prediction

of the fatigue limit can be made. This is achieved by enhancing the Kitagawa-Takahashi (K-T) diagram

with the El-Haddad model. The fatigue life of the alloy can be predicted by integrating this approach with

the fatigue life characterization method based on the ratio proposed by Murakami, in combination with the

El-Haddad model. This combined method provides higher prediction accuracy, especially for vertical

samples with low defect density.
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Table 1  Chemical compositions of GH3536 alloy powder

(mass fraction/ %)

Cr Fe Mo W Mn Cu C Si S Ni

21.600 18.700 8.920 2.010 0.005 0.020 0.080 0.100 0.001 Bal.
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(a)optical microstructure of XY plane; (b)optical microstructure of YZ plane; (¢)SEM microstructure of XY plane; (d)SEM microstructure of YZ plane
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Fig.6 3D reconfiguration of defect distribution of LPBF-GH3536 alloy samples
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Direction B, B, By R*
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\% 56.097 —20.066 0 0.914
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Fig.15 SEM images of specimen fracture morphology

(a)macroscopic fracture ; (b)surface defect ; (¢)subsurface defect; (d )multiple defects; (e )non defect; (f)crack-propagation region;

(g)fatigue striations in crack-propagation region; (h)final fracture region; (i)dimple in final fracture region
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Table 3  Statistical analysis of defect size at the crack

source of fatigue specimens

Sample  area  Location Sample  area  Location
H-1 39.371  Surface V-1 24.410  Surface
H-2 45.221  Surface V-2 25.786  Surface
H-3 48.888  Surface V-3 35.939  Subsurface
H-4 51.545 Subsurface V-4 38.820  Surface
H-5 53.783  Subsurface V-5 41.922  Surface
H-6 56.237  Surface V-6 51.137  Surface
H-7 59.215  Surface V-7 57.540  Surface
H-8 59.767  Surface V-8 63.444  Surface
H-9 64.563  Surface V-9 86.036  Surface
H-10 67.554  Surface V-10 93.796  Surface
H-11 69.124  Surface V-11 94.552  Subsurface
H-12 78.610  Subsurface  V-12 139.154  Surface
H-13 103.680  Surface V-13 149.109  Surface
H-14 151.927  Surface
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Fig.16 Typical samples fracture macroscopic morphology (1) and crack source defects morphology(2)
(2)Gypex = 340 MPa, N=355900; (b) 6,,c = 300 MPa, N=8357700; (¢)0,,.,x = 340 MPa, N;=419000;
(d) e = 320 MPa, N=218700; (&) 0, = 320 MPa, N=1824400; ({)0,,,, = 320 MPa, N;= 1259100
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