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Table 1 Chemical composition of IN718 Ni-based superalloy
(0/%)
Ni Ctr Nb Mo Ti Al Co C Fe

52.16 934 5.07 296 0.89 0.51 0.049 0.0041 Bal.
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Fig.1 Microstructures of SLM-IN718 under optical microscopy:
(a) bright field and (b) dark field
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Fig.2 SEM-SE (a) and SEM-BSE (b) microstructures of SLM-IN718
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Fig.3 Fatigue test specimen size (a) and speckle morphology

after treatment (b)
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Fig.6 DIC analysis results of the plastic zone at the crack tip when reaching different ratios of maximum load during constant amplitude

loading (R=0.1): (a) 10%, (b) 20%, (c) 40%, (d) 60%, (c) 80%, and (f) 100%
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Fig.7 Strain distribution curves in front of the crack tip under

different loads
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Fig.9 DIC analysis results of the displacement field at the crack tip when reaching different ratios of maximum load during constant

amplitude loading (R=0.1): (a) 10%, (b) 20%, (c) 40%, (d) 60%, (¢) 80%, and (f) 100%
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Fig.10 COD values at the different positions under different maximum load ratios at stress ratio R=0.1 (a) and R=0 (b)
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M esoscopic Surface Crack Propagation Mechanism Study of SLM-IN718 Based on
Digital Image Correlation Technology

Liu Hui, Sun Rui, Zhou Yongkang, Bai Run, Xia Mingxing, Cai Xiaomei, Wang Feng, Zhang Wen
(Refractory Materials Research Central, Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: Combined with digital image correlation (DIC) technique, in-situ fatigue tests with different stress ratios (R=0.1 and R=—-1) at
room temperature were carried out to analyze the mesoscopic surface crack propagation mechanism of selected laser melted Ni-based
superalloy (SLM-IN718) in the very high cycle fatigue regime. The results show that, firstly, the DIC analysis results indicate that a plastic
strain zone, similar to a butterfly shape, appears at the crack tip when SLM-IN718 is loaded, which is consistent with the result by the Von
Mises yield criterion. Secondly, the strain field characteristics and displacement field characteristics in front of the crack tip are analyzed
for SLM-IN718, the crack opens when the load reaches 53% and 29% of the maximum load under R=0.1 and R=0, respectively. In addition,
a model considering the crack closure effect is developed to evaluate the plastic zone size in front of the crack tip, the calculated values
are in good agreement with the measured values. Finally, the surface crack propagation mechanism of SLM-IN718 under low stress
conditions is discussed based on DIC analysis results.

Key words: selective laser melting (SLM); Ni-based superalloy; digital image correlation technology; in situ fatigue; crack propagation
mechanism
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