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Laser-GMAW hybrid welding process and drop hammer impact property of marine high-strength steel
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Abstract Two heat inputs of 0.84 MJ/m and 1 MJ/m were used to weld 8 mm Q355B marine high-strength steel by laser-GMAW
hybrid welding test, and the microstructure and drop hammer impact properties of welded joint under different heat inputs were
studied. The results show that the weld shaping is fine without crack and collapse under the heat inputs of 0.84 MJ/m and 1 MJ/
m. The structures of welded joints are acicular ferrite and lath bainite, and the heat affected zones are mainly composed of lath
martensite and lath bainite. With the increase of heat input, the heat affected zone of welded joints widens obviously. The welded

joints under two heat inputs have good drop hammer impact performance. The joints break at the base material and the fracture is

quasi-cleavage fracture. The impact properties of welded joints are higher than those of base materials.
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Table 1 Chemical composition of materials (mass fraction%)

B3 Q355B  ER50-6 % Q355B  ER50-6
o <0.20 <0.100 P <0.04 <0.025
Si <0.55 <0.970 S <0.04 <0.032
Mn 1.00~1.60  1.125 Fe i A
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Table 2 Parameters of welding process
28 R1 R2
WOGTIR PIW 6 000 6 000
B Affmm 0 0
SRIEHI /A 275 295
JEFEHE UV 26.4 27.1
TR v, (m - min™") 0.8 1.0
P A/(M]-m™) 1.00 0.84

b— " 4E T 204

100

ONO) ®

95

28 50

50+0.5
B ek v sk i (mm)

Fig.1 Drop hammer impact test piece of butt joint(mm)
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Fig.3 Morphology of R2-1 weld
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Table 3 Drop hammer impact results of 8 mm butt joint

B ks TR RER 55 B /mm RILE R
1 R1-1 1060 Bl T4
2 R1-2 1030 Bl T4
3 R1-3 1000 BRI
4 R1-4 990 B B
5 R2-1 950 S B
6 R2-2 980 SR B
7 R2-3 990 BER 4R
8 R2-4 1000 RERF TR
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Fig.4 Macroscopic and microscopic fracture morphology of R1-1
under drop hammer impact
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Fig.5 Deformation,acceleration, velocity , displacement and time

curve of butt joint impact specimen
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Fig.6 Microstructure of R1-1 weld joint
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Fig.7 Microstructure of heat affected zone under different heat inputs
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Microstructure and properties of laser-arc hybrid additive manufacturing titanium alloy

FU Juan', QTAN Ruipeng',ZHAO Yong',GUO Jilong', CHEN Guogqiang’
(1.Provincial Key Lab of Advanced Welding Technology , Jiangsu University of Science and Technology , Zhenjiang 212003, Chinaj;
2.Jiangsu Yangzi Mitsui Shipbuilding Co. Ltd., Suzhou 215400, China)

Abstract In order to study the effect of heat input on the macroscopic morphology, microstructure and mechanical properties of
the additive wall, TC11 titanium alloy wire was additive manufactured by laser-arc hybrid heat source. The results show that
microstructures of the wall are mainly composed of strip a cluster and a+@ cluster, and there is an obvious B-phase boundary,
but the size of martensitic a’-phase is larger in the columnar microstructures with low accumulation rate. There are significant
size differences between the primary o - phase and a + 3 basket structure in different areas of the remelting zone of the
accumulation layer. The structure is finer when the accumulation rate is higher. There is a certain acicular martensite o’ -phase
at the wall boundary when the accumulation rate is higher. The acicular martensite is relatively small when the accumulation
velocity is low. The hardness of the wall with small heat input is higher than that of the wall with large heat input. The tensile
strength of the wall decreases slightly, and the elongation and section expansion rate are similar.

Keywords laser-arc hybrid additive manufacturing; TC11 titanium alloy ; microstructure ; mechanical property
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