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The Selective Laser Melting Process of High—strength AlI-Mg—FEr-Zr
Aluminum Alloy

FENG Ziwei ZHANG Liping WANG Meng MA Guodong
(Xi’an Aerospace Power Machinery Co. ,Ltd. ,Xi’an 710025)

Abstract The additive manufacturing of Al-Mg-FEr—Zr high—strength aluminum alloy is achieved by selective
laser melting (SLM) technology to meet the demand for structural components. The formation quality of the alloy is
optimized by controlling the laser power and scanning speed, and the influence of heat treatment temperature on the
mechanical properties of the aluminum alloy is investigated. The results show that the suitable laser power and
scanning speed can control the pores and defects, and the density of samples is also improved. The optimal process
parameter is as follows : laser power 280 W, scanning speed 1.2 m/s, scanning pitch 0. 08 mm, and layer thickness
0.03 mm. In addition, the tensile strength and yield strength of aluminum alloy increase as the heat treatment
temperature increases, while the elongation decreases. The maximum tensile strength of the sample exceeds 500 MPa
when the heat treatment temperature is 350 ‘C and the holding time is 2 h, and the elongation is greater than 10%.
Finally, the high—strength aluminum alloy samples with good appearance and qualified internal quality are obtained,

which laies the technical foundation for the application of high—strength aluminum alloys by SLM in aerospace.
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Fig. 1 SEM morphology of powders of high—strength aluminum alloy
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Tab.1 Process parameters design of selective laser melting

Lo BOBYPRE PIEEUE FEEEE 2R RReEEE
75 -1 3

W /m-s /pm /pm /J+mm

1 260 1.0 0.08 0.03 108

2* 260 1.1 0.08 0.03 98

3" 260 1.2 0.08 0.03 90

4* 260 1.3 0.08 0.03 83

5* 280 1.0 0.08 0.03 117

6 280 1.1 0.08 0.03 106

7 280 1.2 0.08 0.03 97

8* 280 1.3 0.08 0.03 90

9* 300 1.0 0.08 0.03 125

10* 300 1.1 0.08 0.03 114

11* 300 1.2 0.08 0.03 104

12* 300 1.3 0.08 0.03 96

13* 320 1.0 0.08 0.03 133

14% 320 1.1 0.08 0.03 121

15* 320 1.2 0.08 0.03 111

16* 320 1.3 0.08 0.03 103
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Fig. 2 SEM images of SLM specimens under different process

parameters
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Fig. 3 Microstructure of SLM high—strength aluminum alloy

under typical parameter
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Fig. 4 Tensile properties of SLM high—strength aluminum

alloys under different heat treatment regimes
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Fig. 5 Preparation of high—strength aluminum alloy samples by SLM

3 g

(1) R BTN ZE R 280 W I #E R 1.2 m/
s AR 0. 08 mm JZJE 4 0. 03 mm A HAERUTE
TAZHEAG , Re8 W 25 DU v 9 L I R0 B
B R BUR I e A SRR 0 BOY T

(2) 23k 350 CAR R 2 h FRAE 5 A9 1R i 2
P R B 15 BE , Brhrom B 1 500 MPa, ZEAifi#8K
T 10%, RZ T ESEAUR T T RS R ik
PRAE T R 0 98 PR 2 J v 3 4 Rk i M 1

Q)R HEAE T 2 S 80E 17 SLM =i & 417
B, 3645 7 R IE R A4F N G 48 B AR
1, #E— 2L HHIE T SLM s R A A AT A 71

(1] 2809 ATy, 2210 55 | OB B s A K 6t
B S S LT ]. TP EEOG, 2024,51(24) : 193-207.

LIZ Y, HAN D X, JIANG S K, et al. Practice and prospect

of laser additive manufacturing in aerospace field [J]. Chinese

Journal of Lasers,2024,51(24):193-207.

(2] fEZE2:, RIGEMG , skME, 55 . Al-Mn—Sc £ 42 19 3£ X3
AT A RS R AR SE L) ). #2024,
73(5):626-631.

XIONG X J, WU X P, ZHANG W, et al. Optimization of
selective laser melting process for Al-Mn—-Sc alloy and its
mechanical properties at room and high temperature [J].
Foundry,2024,73(5) :626-631.

[3] BRANDT M. The role of lasers in additive
manufacturing[ M ]. Duxford : Woodhead Publishing,2017.

[4] HERZOG D, SEYDA V, WYCISK E, et al. Additive
manufacturing of metals[ ] ]. Acta Materialia, 2016, 117:371-392.

(5] R Bl , T 2050, 55 . BOLE KIS LU Al-
Mg-Sc~Zr i 5 fh A W R HERE ()], P A 68 JE =ik,
2022,32(5):1224-1236.

GUAN J R, CHEN C, DING H Y, et al. Research
development of selective laser melted Al-Mg—Sc—Zr high
strength aluminum alloy [J]. The Chinese Journal of Nonferrous
Metals,2022,32(5) : 1224-1236

(6] FRImF, 25, 4 3], 45 . Mg Ce St B Tl &
Xt A356 58 & L SURPERERY A ()], 451G ,2023,72(9)
1147-1151.

XUYC, LIGY, JIANG W M, et al. Effect of Mg, Ce, Sr
composite microalloying on microstructure and properties of
A356 aluminum alloy [Jl. Foundry, 2023 ,72(9): 1147-1151.

[7] TANG H, GAO C, ZHANG Y, et al. Effects of direct
aging treatment on microstructure, mechanical properties and
residual stress of selective laser melted AISilOMg alloy [J].
Journal of Materials Science & Technology,2023,139:198-209.

(8] FRA&RE, LW, EEM . 1B K TRk KoL 1L
WIE AISi10Mg & 4 VR 2= ERensgmi )], #Im 1. 1.2,
2022,51(2):121-125.

CHENG Z Y,SHEN X F, WANG G W. Effects of annealing
process on microstructure and mechanical properties of
AlISi10Mg alloy fabricated by selective laser melting [J]. Hot
Working Technology,2022,51(2): 121-125.

(9] et , XU, AR MR W, 25 . B A X HOL 16 X 4 A
Al-Mg-Sc—Zr & & AV RAERERZ W [T]. #AMLK 2023, 29
(2):215-222.

LIJY,LIU H,QI J F,et al. The effect of heat treatmentment
on microstructure and properties of laser selective melting Al-
Mg-Sc~Zr alloy[]] . Manned Spaceflight,2023,29(2) :215-222.

[10] M8, 5k e, UEESE, 45 . e XD 1L Al-Mg-
Se~Zr 15 G UL i RE BUEAAU L) ], BEPE TR 4412, 2024, 31
(11):112-122.

XIAO G, ZHANG X L, XIANG F F, et al. Numerical
simulation of selective laser melting process of Al-Mg-Sc—Zr
aluminum alloy [J]. Journal of Plasticity Engineering, 2024, 31
(11):112-122.

FHMETZ  hitp://www.yhclgy.com 20254 #4H]1



