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Microstructures and mechanical properties of ZK40 high strength

magnesium alloy joints by CO, laser beam welding

YU Zhao-hui, YAN Hong-ge, CHEN Qiong, SU Bin

(School of Materials Science and Engineering, Hunan University, Changsha 410082, China)

Abstract: The as-rolled ZK40 magnesium alloy sheets were joined by laser beam welding. The effects of welding

parameters on the microstructures and mechanical properties of the joints were studied. The results show that a sound

bead, with the ultimate tensile strength of 315 MPa, up to 91.3% of that of base metal, can be obtained with the optimized

welding parameters. No columnar grains can be found at the fusion boundary, and the fusion zone (FZ) is characteristic of

equiaxed dendritic grains and fine MgsZn,, precipitates disperse along the grain boundaries and among the dendritic

arms. With the heat input increasing, the grains in FZ get coarser and more dendritic.
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2011

4

1
(4 AM60 Table1l Variety of welding parameters
Sample Laser Welding Heat input/  Complete
No. power/ spee‘dil (mm™")  penetration
94% AZ  AM Mg-Zn-Zr(ZK) (m'min )
1 800 24.0 Yes
2 1 000 20 30.0 Yes
3 1200 36.0 Yes
4 1 400 42.0 Yes
[3] 5 800 19.2 Yes
7n 6 1 000 )5 24.0 Yes
7 1200 28.8 Yes
[15] 8 1 400 33.6 Yes
7K 9 800 16.0 Yes
10 1 000 30 20.0 Yes
7K 11 1200 24.0 Yes
7n 7K 60 7n 12 1 400 28.0 Yes
ZK2 11167171 7n 7K 13 800 13.7 Yes
7n 14 1 000 35 17.1 Yes
7K Co, 15 1200 20.6 Yes
7K40 16 1400 24.0 Yes
17 800 12.0 No
7n 18 1 000 40 15.0 No
19 1200 18.0 No
20 1 400 21.0 Yes
1
2
120 mm><50 mm><2 mm
ZK40 21
Mg-4.0%Zn-0.45%Zr( ) 2(a) ZK40
2(a)
I mm 2
99.99%
GS—-TFL—-6000W CO, 2(b) (c)
802D 2(b) (¢)
1
5% 5s 2.2
(JSM—6700F) EDS 3 ZK40 CO,
(JEM-3010) X (Siemens 3(a)
D5000)
1
WDW-E200 3(b) 3(b)

(HAZ)
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(a)
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Fig.1 Position(a) and geometry((b), (c)) of tensile specimens of welded joint (mm)

2

Fig.2 Cross-section geometry of welded joint(a) and macrostructures of face(b) and back(c) of weld
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Fig.3 Microstructures of welded joints:

(a) Base metal; (b) Fusion boundary;
(c)FZ
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4 XRD Fig.5 SEM image(a) and EDS analysis(b) of precipitated

Fig.4 XRD pattern of FZ particles in FZ
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Fig.6 Microstructures of FZ under constant welding speed of
3 m/min with different laser powers: (a) 1 000 W; (b) 1 200 W;
(c) 1400 W
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Fig.7 Ultimate tensile strength (UTS) of laser welded ZK40

magnesium alloy samples under different welding conditions



706 2011 4
350 + 3
300+
Base metal
§ 250 Welded sample 1) CO, ZK40
@ 200+ 3 m/min 1 000
2
% 150} w
315 MPa 91.3%
100
2)
50t
0 > 4 6 8 10 12 Mgs1Zny
Strain/%
8 ZK40 CO, —
Fig.8 Stress—strain curves for ZK40 base metal and CO, 3) ZK40
laser beam welded sample
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