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Table 1

(mass fraction, %)

Chemical composition of wire and substrate

Al Zn Mn Fe Si
8.62 0.55 0.33 0.004 0.006
Ni Cu Be Mg
0.0002 0.0001 0.00006 90.48
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Table 2 Fixed process parameters under different process conditions

. Positive and Proportion of o
Welding ] ) o Shielding gas flow, Arc length/
negative electrode negative level Shielding gas L 2
current type . g/(L-min™") (L-mm™)
current ratio current/%
Alternating current 1.5 80 Pure argon 20 5
. : . AC : . iy
Tungsten electrode ~ Wire feeding angle/ Interval time " y Wire feeding Additive speed, v/
requenc
diameter/(d-mm™") ©) between passes, #/s dueney speed, v/(m'min”") (mm-s™")
4.8 60 100 150 1.8 3
(b)
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Fig. 2 Photos of AZ91 magnesium alloy additive sample: (a) Cutting position of metallographic sample; (b) Metallographic

observation area
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Table 3 Additive current setting value

Layer No. Current, I/A
1 135
132
126
114
104
95
92
90
90
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Fig. 3 Schematic diagrams of sampling position and size
of tensile sample: (a) Sampling position of tensile

specimen; (b) Tensile specimen size
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Fig. 4 Metallographic structures of different areas of magnesium alloy: (a) Substrate junction area; (b) Bottom area;

(c) Intermediate area; (d) Top area
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Fig. 5 XRD patterns of magnesium alloy
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Fig. 6 Line scanning analysis results of magnesium alloy
sample: (a) SEM image showing EDS line scan path;

(b) EDS line scan analysis results
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Fig. 9 Tensile results of magnesium alloy additive sample

10 el 3

N T TR AR TR DT 2, 0 Sk
7T Mg, mE10FTR. BE10A LURHEL, 44N
FERIWT CUESARL, 2 A PYRRRCR, HHEA
WM RARAE, X8 BT TEBE & & A A i e
15 p-Mg,, AL, 28 “AIRLF 3540 T & A ek fE, (i 5t
SRFEAR T A N o AR R 3 DX 3 Ry e A e P52 R T i i
KHRAK, SIRERRR N KGR, ERMFE
i, FER R AL E AL TR AR TR, I HERR
Tl FRAR NN, ] 10(a) s, R
H DX S R RE (R T 1 B RT DU SR BIAR 2 ke,
TIRERGURAE W AR B R IR AR R, IS M
733 BT A (R TR 20 25, 150 BH = i B ) B R A A B
o BBAL, SRR IO DX ) B b i A
EEHRTU X A PR R AR B T30/, AR B AR B B
ZARIMX L, HIERFEEPRESTH, BN
FARSZ ST (RHESS X, R AR, BT
bt S5 e XA LA BT R B, TR AT
Al AR AR & AL B R R LA 5, B B
ZREEEX, T2 EEE X F O EE, fHEE
W ARRLEEAR R, I B SREE N RE. BbAh, SRR
AX RS ARIE G ERIEET A E, X2
PUhr o FE AV AR PRI F R & .

Fig. 10 Fracture morphologies of tensile sample: (a) Fracture of Bottom tensile specimen; (b) Fracture of middle tensile

specimen; (c¢) Fracture of top tensile specimen; (d) Fracture of vertical tensile specimen
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properties of selective laser melted AZ91D magnesium alloy

Microstructure and mechanical properties of TIG arc additive
manufacturing of AZ91 magnesium alloy

NI Cheng', ZHU Ke-yu', FAN Ji-kang"%, PENG Yong', YANG Dong-qing', WANG Ke-hong'

(1. Key Laboratory of Controlled Arc Intelligent Additive Technology, Ministry of Industry and Information Tech-
nology, Nanjing University of Technology, Nanjing 210094, China;
2. Kunshan Huaheng Welding Co., Ltd., Kunshan 215300, China)

Abstract: In order to explore the application of AZ91 magnesium alloy arc additive in aerospace shell products
and structural lightweighting, a single-channel multilayer thin-walled sample was successfully manufactured based
on the TIG arc additive manufacturing process, and its microstructure and mechanical properties were analyzed.
The results show that the microstructure at the bottom, middle and top of the additive manufactured magnesium
alloy is basically equiaxed fine grain structure, and the second phase f-Mg ,Al,, is precipitated both in the grains
and at the grain boundaries. The hardness value of each area of the sample is close, and the average hardness value
is 62 HV. Compared with the traditional die-casting method, the overall mechanical properties of the additive
manufactured sample are improved. The tensile strength in the middle area of the sample is 276 MPa, which is
increased by 20%, and the elongation after fracture is 13.1%, which is increased by 87%.

Key words: AZ91 magnesium alloy; arc additive manufacturing; microstructure; mechanical property
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