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Research on Microstructure and Properties of Fiber Laser
Repairing ZM5 Magnesium Alloy Thin-Walled Casting
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Abstract In order to repair thin-walled castings of ZM5 magnesium alloy, the parameters for fiber laser welding
are determined by dilution rate and weld—surface angle. Scanning electron microscope (SEM) and X-ray diffraction
(XRD) are adopted for microstructure observation and analysis of chemical composition while tensile tests are
carried out for evaluation of mechanical properties. It's demonstrated that the relationship between dilution rate
and weld—surface angle is linear dependence. The fiber laser welding layer consists of tiny equiaxed dendrites with
the average grain diameter of 15 to 20 wm which is 1/4 of ZMb5 base. The base structure of welding layer is o - Mg
phase, and the eutectic Mg—Al phase, B- Mg;Al; mainly, is even dispersed along the grain boundary of welding
layer. Shown in tensile tests, quasi—cleavage fracture occurred in fiber laser welding layer, which achieves higher
strength and toughness than those of the brittle—fractured base metal. Thus thin—walled castings of ZM5 magnesium
alloy are so well repaired by fiber laser that production quality and efficiency are greatly improved.
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Table 1 Composition of ZM5 magnesium alloy (massfraction, %)

Mg Al Zn Mn Si Cu Fe Ni Impurity
Balance 7.5~9.0 0.2~0.8 0.15~1.5 =0.25 =0.2 =<0.05 <0.01 =0.1
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Fig.1 Microstructure of ZM5 magnesium alloy
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Table 2 Parameters for fiber laser welding ZM5 alloy

Ar gas flow /(L/min) Defocus /mm Welding speed /(m/min) Laser power /W Wire speed /(m/min)
15 +20 0.5 1000 ~ 2400 1~3.6

.

base metal

tensile
welding layer samples
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Fig.2 Schematic diagram of tensile sampling
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Fig.3 Schematic diagram of dilution rate and 4 78 2 I
weld-surface angle Fig.4 Schematic diagram of measuring dilution rate and

weld-surface angle of ZM5 laser beams
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Table 3 Dilution rates and weld—surface angles

No. Laser power /W Wire speed /(m/min) Dilution rate Weld-surface angle /(°)
1 1000 1 0.87 144.35
2 1200 1.2 0.66 117.25
3 1200 1.5 0.40 90.92
4 1500 1.8 0.45 77.68
5 1500 2.2 0.63 108.30
6 1800 2.2 0.40 89.44
7 1800 2.8 0.59 105.9
8 2100 3.2 0.65 107.80
9 2100 34 0.52 100.14
10 2100 3.6 0.65 117.60
11 2300 34 0.62 116.74
12 2400 34 0.65 144.05
13 2400 3.6 0.54 114.25
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Fig.5 Relationship between dilution rate and weld-surface angle
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Fig.6 Repairing ZM5 alloy castings by laser welding. (a) Repaired sample; (b) cross section metallography
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Fig.7 XRD analysis of ZM5 magnesium welding layer
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Fig.8 SEM photographs of ZM5 base metal and welding layer. (a) Fusion zone; (b) weld center;

(c) magnified view of weld center; (d) base metal
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Fig.9 Stress—strain curves of BM and LBW Fig.10 SEM photographs of tensile fractures. (a) BM; (b) LBW
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