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Abstract: Based on the in-situ fatigue test technique of scanning electron microscope (SEM) , the small
crack behavior of selective laser melting (SLM) TC4 alloy is studied. The focused ion beam (FIB)
technique 1s used to manufacture the simulative initial defects in the process of additive manufacturing, and
the initiation and propagation behavior of small cracks induced by defects are observed under cyclic loading.
The results show that under cyclic loading, small cracks are easy to initiate at the surface defect, and the
crack fatigue initiation life is short. The fatigue life of SLM TC4 alloys is mainly consumed in the small
crack propagation stage. Affected by the microstructure, the small cracks are more likely to propagate along
the o/ interface. Due to the random orientation of « laths, the path of small cracks is deflected several times
in the initial propagation stage, exhibiting a mixed mode of propagation along o« lamellae and through «
lamellae within grains, resulting in significant scatter in crack growth rates. At the stable crack propagation
stage, the plastic slips of the crack tip are obvious, the influence of microstructure is reduced, and the
propagation path tends to straighten. Comparative analysis with long crack growth data indicates that SLM
TC4 alloy exhibits a significant “small crack effect”.
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Table 1 Normal and actual chemical compositions of TC4 powder (mass fraction/ % )

Chemical . .
N Al % Fe 0 C N H % Si Ti
Composmon
Normal 5.6-6.5 3.4-4.5 <0.25 0.08-0.13 <0.05 <0.03 <0.0125 <0.005 <0.1 Bal.
Actual 6.29 3.99 0.2 0.12 0.009 0.02 0.002 <20.005 0.031 Bal.
e (c)
Z, Build direction
120 pm ,_n+1
Horizontal plane s A
s =
- 5
€ T7A7777 <
3 5
o + -
© — y 5
7 o
,/
- 7Z
5 Vertical plane Yi—-x Sz Slatform.

1 TC4AEEMAIELS (a) RN (b) K BIITEIREE (o)
Fig.1 Morphology of TC4 alloy powder(a),bidirectional scanning strategy(b) and schematic diagram of blanks(c)
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Fig.2 Microstructure morphologies of SLM TC4 alloy in vertical direction

(a)macroscopic morphology ; (b)microscopic morphology ; (¢)inverse pole figure (IPF ) maps
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Table 2 Test conditions and fatigue life
Specimen number Maximum stress, o,,,,/ MPa Stress ratio, R Fatigue life, Ny/cycle Crack initiation life,N;/cycle — (N./Np)/%
S1 800 0.1 124288 6013 4.8
S2 800 0.5 729731 73053 10.0
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