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Wire Filling Laser Multilayer Welding of High
Strength Steel Thick Plate

Li Liqun Tao Wang Zhu Xianliang
(State Key Laboratory of Advanced Welding Production Technology ., Harbin Institute of Technology
Harbin , Heilongjiang 150001, China)

Abstract Characteristics of laser multilayer welding of 16-mm thick high strength steel 11CrNi3MnMoV with filler
metal in different energy input modes are studied. A narrow gap groove is designed, and dual beam single pass
multilayer laser welding with filler metal is carried out. By comparing the weld forming characteristics of single with
dual beam laser welding with filler metal, porosity and incomplete fusion is regarded as the main defect of the joint.
Moreover. the welding stability and alignment state of wire is obviously improved when the duel beam is used. At the
same time, the welding defect, i.e. porosity, is impressed sharply. In addition, problems of incomplete fusion and
narrow girdling are solved in the case of combining interbedded heat preservation and hot wire technology. As an
optimized welding technology., the tensile strength of the joint processed by dual beam laser welding with hot wire
can come up to 97 % of matrix metal. Dimple shear fracture is the main failure mode at the fracture surface

Key words laser technique; laser multilayer welding; high strength steel thick plate; dual laser beam; narrow gap;
hot wire.
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Table 1 Composition of the 921 high strength steel

Elements C Mn S P

Si Cr Ni Cu Mo \'

Mass fraction/ % 0.11 0. 44 0.03 0.023

0.18 0.97

2.68 - 0.23 0.077
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Table 2 Composition of the special filler of high strength steel

Elements C Si Mn

S P Ni Mo Ti

Mass fraction/ % 0.028 0.493 1.48

0.0090

0.0094 2.36 0. 239 0.118
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Fig. 1 Schematic diagram of the joint
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Fig. 2 Cross section of the joint processed by single beam

laser multilayer welding with filler wire
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Fig. 3 Cross section of the joint processed by dual beam
laser multilayer welding with filler wire
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Fig. 4 Influence of the interbedded heat preservation

on the suppress of the defects in the joint
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Fig. 5 Cross section of the joint processed by dual beam

laser multilayer welding with hot filler wire
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Fig. 6 Morphology and location of the crack during

tensile tests. (a) Crack along the substrate;
(b) crack along the joint
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Fig. 7 Morphology of the fracture surface and tensile
strength of the joint. (a) Fracture surface of the
joint with parallel dual beam; (b) histogram

of tensile strength of partial specimens
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Fig. 8 SEM micrograph of the fracture surface of the joint

(a) Dimple fracture; (b) dimple and cleavage fracture
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