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Fig. 1 AlISi10Mg sample forming by laser powder bed fusion (LPBF).

(b) schematic of LPBF forming;

(a) SEM image of AlSilOMg powder;

(¢) schematics of forming specimen vertical and parallel to powder spreading

direction, respectively; (d) AlSi10Mg block samples processed by LPBF
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Fig. 2 Vertical sample for axial load fatigue testing. (a)—(b) Unmachined samples; (c¢) standard fatigue sample
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Fig. 3 OM images of microstructures of samples formed along different directions under the technological parameters of

P =450 W and v=2000 mm/s. (a)—(b) OM images of cross-section of vertical sample and its magnified view;

(c)—(d) OM images of cross-section of horizontal sample and its magnified view
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Fig. 4 Compression properties of samples formed along different directions. (a) Yield strength ¢, , and compressive

strength o,.; (b) schematic of compression crack propagation
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Fig. 5 High-temperature tensile properties of samples formed along different directions. (a) Vertical samples;

(b) horizontal samples
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Fig. 7 Fatigue curve of vertical sample. (a) S-N curve of smooth sample (R=0.1 and N;=10" cycle); (b) calculation

of median fatigue strength by lifting method
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Fig. 8 Fatigue crack growth test of vertical sample. (a) Relationship curve between crack length a and fatigue cycle N ;

(b) relationship curve of fatigue crack growth rate da/dN with stress intensity factor AK
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Abstract

Objective Owing to their light weight, high specific strength, and excellent corrosion resistance, aluminum alloys
are widely used in aerospace, national defense, and other fields. Recently, the demand for high-performance
aluminum alloys in various fields is urgent. However, the performance and complexity of aluminum alloy components
are limited because of conventional fabrication methods such as casting and forging. Laser additive manufacturing
(LAM) has garnered considerable popularity in recent years owing to its high material utilization, short forming
cycle, and near-net-shape fabrication. Previous studies have indicated that research on LAM-processed aluminum
alloys mostly focus on static mechanical properties (e. g., tensile properties, compressive properties, friction and
wear). Dynamic mechanical properties (e. g., high cycle fatigue and fatigue crack growth) can be employed to
systematically evaluate defects in components and the heterogeneity of the microstructure. Therefore, studying and
improving the dynamic mechanical properties of LAM-processed aluminum alloys are crucial. In this study, the
effects of different building directions on the mechanical properties (such as room temperature compression and high
temperature tension) of LAM-processed aluminum alloy samples are reported, the fatigue property of aluminum alloy
components processed by LAM is studied, and the fatigue crack propagation mechanism of the samples is revealed.
We hope that the integrated and accurate manufacturing of material-structure-performance can be realized, and an
academic reference for the application of LAM-processed aluminum alloys in aerospace and other fields can be
provided.

Methods Herein, AlSil0Mg powder was used as the starting material. First, standard compression, tensile,
fatigue, and fatigue crack-propagation compact tension (CT) specimens were fabricated using laser powder bed
fusion (LPBF) along different building directions. Then, the microstructure of the samples was characterized using
an optical microscope (OM). The compressive and tensile properties of the samples at room temperature and a high
temperature, respectively, under different building directions and the fatigue properties and fatigue crack growth
rate of vertical samples (i.e., the tensile, compressive, and fatigue loads are vertical to the powder spreading
direction) were evaluated. Moreover, the effects of LPBF parameters on the aforementioned mechanical properties
of the AISi10Mg alloy were systematically evaluated.

Results and Discussions The horizontal samples (i.e., the tensile, compressive, and fatigue loads are parallel to
the powder spreading direction) showed excellent compressive strength and yield strength, reaching 201. 0 and
251.3 MPa, respectively (Fig. 4). With increasing testing temperature (100-175 C), the tensile and yield
strengths of the samples fabricated along different building directions showed a decreasing trend, while the
elongation gradually increased. The horizontal samples achieved better tensile and yield strengths than the vertical
samples, showing tensile and yield strengths of 195.0 and 160.0 MPa at 175 ‘C [Fig. 6(d)].The 10"-cycle median
fatigue strength, fatigue life, and threshold of fatigue crack growth of the vertical samples were 151. 25 MPa
(Fig. 7), ~2.1x10° cycles [Fig. 8(a)], and 0.981 MPa+m'"”*(Table 1), respectively.

Conclusions Herein, AlSi10Mg alloy samples were successfully fabricated along different building directions using
LPBF. After static mechanical tests, the room-temperature compressive strength could reach 201.0 MPa and the
yield strength was 251.3 MPa. The tensile and yield strengths at 175 ‘C could reach 195. 0 and 160.0 MPa,
respectively. The static mechanical tests of the samples along different building directions revealed that the
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horizontal samples showed with better compression properties at room temperature and better tensile properties at a
high temperature than the vertical samples. The LPBF-processed AlSi1l0Mg vertical sample showed excellent
10" -cycle median fatigue strength of 151.25 MPa, while relevant research shows that the high cycle fatigue strength of
AlSil12 alloys processed using LAM is 88.7 MPa. The excellent high-cycle fatigue resistance of AlSi10Mg processed
using LAM was attributed to its unique fine cellular grains and fine Al-Si eutectic phases at grain boundaries. The fatigue
life and threshold of fatigue crack growth of the LPBF-processed AlSil0Mg alloy were ~2.1X10° cycles and
0.981 MPa-m"?, respectively. The findings of this study show that the excellent mechanical properties of AlSil0Mg
alloys can be obtained by LPBF processing. This study can provide an academic reference for the application of LAM-

processed aluminum alloys in aerospace and other fields.

Key words laser technique; laser additive manufacturing; laser powder bed fusion; high temperature mechanical

properties; fatigue strength; fatigue crack growth rate
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