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LI Li-qun, QU Jin-yu, WANG Xian

(State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology, Harbin 150001, China)

ABSTRACT: The work aims to study the formability and mechanical property of laser metal deposited AlSilOMg alloy.
AlSi10Mg powder with size ranging from 45 to 105 pm was utilized as the material and 6061 aluminum alloy was used as the
substrate. Single-layer cladding, thin walls and inclined walls were manufactured with fiber laser in argon chamber to test the
formability. The tensile strength and elongation of the walls were tested. The microstructure was analyzed with optical micro-
scope and SEM. There was a positive correlation between the height of single layer and powder feeding speed, but a negative
correlation with the scanning speed. Further, the same correlation also existed between the width of single layer and laser power
and between the width and the scanning speed. When single-layer wall was deposited, the first 10 layers were not stable. The
thickness of wall was thinner than subsequent layers. For the sake of improving the stability and preventing from collapse of
walls, laser power should decline gradually in the first 20 layers. With this method, a wall more than 250 layers was made steadily
and successfully. AlSi10Mg had good formability when process parameters were selected properly. Inclined walls could be depos-

ited even if the wall had tilted to 60 degree. The porosity of the walls was nearly 3%. The tensile strength was approximately 250
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MPa and the elongation was about 5%. The tensile strength was 25% higher than that of ZL104 as-casted aluminum alloy. The

microstructure periodically varied along the deposition direction. The eutectic was small and no needle-like eutectic was found.

The AlSi10Mg has good formability in laser metal deposition process. The microstructure strength of as-deposited samples is

better than as-casted alloy. Finally, a variable cross-section thin-walled sample is deposited with optimized processing parameters.

KEY WORDS: AlSi10Mg; laser metal deposition; additive manufacturing; formability; microstructure; mechanical property

HOCHE A DURE AR JE 5 T HOLIS B R K Rk
e ry)— T JB ARl s AR, T g S A 3 44
il AEE MR, £ T ARz R Y
RHOCEALTIREAR AT AEW  Bha & RE®
(1 A4 3 A [ N AN B 2 R ), (X T
AR, BOURDURRRLE BOARRIBIIE . R
)L, MIHLZT, BEXBOUHEARTE Al-Si KRG
SRR E L E AR R, PR ENCREEE
7 REA S SIS S MR A RN
NEREEMARRANNEZ, XBOLHARSR ST, HiR
FEURE RIS . St B 2= AR,
FEERCMR TR R R A BB R, BEAL, BRA e
WHIFR R . PR ESF, IR REAR A 5 B
TR PIGEOCR AL TR & & i B i PR il .

A B SCERXT O AL DT AL-ST RERG & 1A
PR Ao B SR T — = B, RO
A BTBR 7 1 il 4 i A ) ZH 8L 28 DURR T 1) B —
SEBRIE, AR N A LR AL, DI
FEATFEAR B 43 | ] ER 23 A 42U T R B9 21 4

A —E X B XTI AL-Si REIFA 4
DURAS I 12 PR RE G B 7> 0ep | 2 A ) 25
EZRBER, PP ERIMEE 125 MPa, fivfm b
356 MPa, % h Ui K A9 A i AN B A

YERAZS AL R I H AR, 45 A 4 063G 1 i
58 HARKEA HEEMRIEE L. A3, AISil0Mg
A4 PR, SR A RO B O R TR A e
REEOERE AL TRV BRI I 5T, JF%F O e ks it
TR SIE R8T B 124 PR REHEA T 0 M, ARG & Ot
AR A () 07 FH 4 8 B 1) PR AR B 5 300 il o

1 X

I AR K AISiIOMg By, BURKJETE 45~
105 pm, FEHEEITEN Si (9.0%~11.0% ) Fl Mg
(0.25%~0.45% ) o LM AR BRI ER 1 hgi,
WA HIESIE 1 iR, PUBREMRER 15 mm
JE1H 6061 $aA 4, REBRFRMmEAH, DURR I
M AT A2 Uk

*1 AISHMOMg sEEEUERS
Tab.1 Composition of AISi10Mg alloy

wt%
Si Mg Cu Zn Mn Sn Pb Fe Al
9.00~11.00 0.25~0.45 <0.10 <0.30 0.20~0.50 <0.01 <0.05 <1.00 Bal.
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Bl 1 AlISil0Mg # K fH0 A8 A
Fig.1 SEM image of AlSi10Mg powder
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Fig.2 Dimension of tensile sample
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Fig.3 Effect of powder feeding speed on deposition height and width: a) effect of powder feeding
speed on deposition height; b) effect of powder feeding speed on deposition width
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Fig.4 Effect of laser scanning speed on deposition height and width: a) effect of laser scannning
speed on deposition height; b) effect of laser scanning speed on deposition width
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Fig.5 Single-layer thin wall deposited by laser metal:
a) deposited single-layer wall; b) microstructure of
cross-section of single-layer wall
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Fig.6 Formability of inclined walls: a) 30°; b) 45°; c) 60°
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Fig.7 Location of hardness testing
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Tab.2 Mechanical properties of laser deposited
AlSi10Mg samples and ZL.104 casted alloy

Yield Tensile

State of specimens strength  strength Elon/,;g/atlon
/MPa /MPa ’
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Fig.9 Tensile fracture surfaces of the tensile specimen
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Fig.10 Microstructure of laser metal deposited A1Sil0Mg: a) OM image; b) SEM image
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Fig.11 Variable cross-section sample fabricated by LMD: a) CAD model; b) illustration of laser scanning path; c) deposited sample
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