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Effect of magnetic field on weld structure of large thickness
Ti-6Al-4V alloy with narrow-gap TIG welding method
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Abstract: A narrow-gap controlling magnetic field TIG welding experiment was conducted directing at the 56
mm-thickness Ti-6Al-4V titanium alloy. Afterwards, an analysis was taken to compare each weld joint microstructure by
means of metallographic microscope. The results show that, during the multilayer single channel of narrow gap welding,
the joint microstructure, the crystal structure and the growth orientation significantly differ from each other. The first
crystal structure in the weld zone is an equiaxed grain which shows a columnar coarse grain at the top layer of the weld
surface and near the bond line and the internal weld. Since the electromagnetic effect improves the stability of flat crystal
and the equiaxed grains appear afterwards, ultimately, there are equiaxed grains translated from coarse columnar grains in
the front of bond line with the magnetic field strength increasing. Due to the effect of magnetic controlled arc on
improving the stability of equiaxed grains, along with the magnetic field strength increasing, the equiaxed grains
gradually extend in a single direction; in the direction of heat conduction, i.e., in the vertical direction of the weld surface,
the coarse columnar grains generate.
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Fig. 1 Schematic diagram of narrow-gap controlling magnetic
field TIG welding
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Table1 Welding parameters

W?ng IA UV (n;gﬁ (n;§5 fHz
1 400 13 55 8 10
2 400 13 60 8 10
3 410 13 67 8 10
4 410 13 67 8 10
5 400 13 65 8 10
6 410 13 65 8 10
7 410 13 68 8 10
8 410 13 68 8 10
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Fig. 2 Macrostructure of welded joint

Fig. 3 Microstructure of Ti-6Al-4V titanium alloy
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Fig. 4 Microstructure of weld zone: (a) First weld and border

of internal weld; (b) Surface weld and internal weld
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Fig. 5 Microstructures at border of
surface weld: (a) Microstructure above
border; (b) Microstructure of border; (c)

Microstructure below border
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Fig. 6 Microstructures of weld seam at magnetic field strength of 8 mT and frequency of 10 Hz: (a), (b), (c) Metallographs of
welded joint, low magnification; (d), (e), (f) Metallographs of welded joint, high magnification
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Fig. 7 Microstructures of weld without magnetic field: (a), (b), (c), (d) Metallographs of welded joint, low magnification; (e), (f), (g)

Metallographs of welded joint, high magnification
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Fig. 8 Schematic diagram of primary crystallization process of titanium alloys weld metal under magnetic field: (a) Before start of

primary crystallization; (b) At begin of primary crystallization; (c) During process of primary crystallization; (d) At end of primary

crystallization
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