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Study on High Strength Al-Cu-Mg Alloy Fabricated by Selective Laser Melting
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Abstract  Al-Cu-Mg alloys are successfully fabricated by selective laser melting (SLM). The influence of the
applied laser linear energy density on the densification behavior of SLM-processed samples is investigated.
Microstructure and mechanical properties of the SLM-processed Al-Cu-Mg alloys are studied based on the nearly
fully densified samples. Finally, the mechanical properties of the samples are improved by heat treatment. The
results show that the nearly fully densified samples with the highest relative density of 99.8% can be obtained when
the laser linear energy density is 2.4 kJ/m. The SLM-processed Al-Cu-Mg samples are constituted of ultrafine
supersaturated cellular-dendrites. The tensile strength of 401 MPa, the yield strength of 252 MPa and the
elongation of 6.5% are achieved for the SLM-processed Al-Cu-Mg samples in virtue of the effect of grain refinement
and solid solution strengthening. After T4 heat treatment, under the effect of precipitation strengthening, the
tensile strength increases to 532 MPa, the yield strength increases to 338 MPa and the elongation increases to 13%.
Key words laser technique; selective laser melting; high strength Al-Cu-Mg alloys; relative density;
microstructure; mechanical properties
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Fig. 1 Scanning electron microscope image of Al-Cu-Mg powder
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Table 1 Parameters for selective laser melting process

Sample No. P /W v /(m e+ min ') H /pm L /pm A /(®) E /(k]J*m")
1 5 2.4
2 200 10 90 40 90 1.2
3 15 0.8
4 20 0.6

Note: P - laser power, v - laser scanning speed, H - hatching spacing, L - layer thickness, A - hatching angle, E - laser

linear energy density
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Fig. 2 Surface morphologies of SLM-processed samples at different laser linear energy density.
(a) E=0.6 kJ/m, v=20 m/min; (b) E=2.4 kJ]/m, v=>5 m/min
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Fig. 3 Variation in relative density of SLM-processed samples with linear energy density
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Fig. 4 Metallographic structure of SLM-processed sample No.1. (a) Cross section; (b) longitudinal section
K5 frRh 15l R i ZH 20 SEM KR, i B ] LUE 3R 5 40/ i I S H 2L, RS 298 2 o, 4
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Fig. 5 SEM images of SLM-processed sample No. 1
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Table 2 Mechanical properties of tensile sample and its T4 state, 2024-O and 2024-T4 sheets

Sample Ultimate strength /MPa Yield strength /MPa Elongation /% Microhardness /HV
As-fabricated 391.5~408.8 243.3~322.4 5.7~7.8 108~122

T4 state 523~540 332~350 12.58~15.55 138~152

2024-0 186 75.5 20 80

2024-T4 470 325 20 137

Note: tensile properties of the 2024-O and 2024-T4 sheets come from ASTM B 209-07
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Fig. 6 Fracture morphologies of SLM-processed sample No.1 at different states. (a) As-fabricated; (b) T4 state
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Fig. 7 Al-Cu-Mg part fabricated by SLM
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