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Microstructure and properties of Ti-6A1-4V alloy cladding layer
prepared by synchronous composite forging of laser
cladding and laser shock peening

JIANG Haolong,REN Weibin",JI Hao, YUAN Run, LI Jun

(School of Mechanical Engineering, Jiangsu University of Technology, Changzhou 213001, Jiangsu, China)

Abstract: Laser cladding is widely used in additive manufacturing, damaged-surface repair, and surface
modification of Ti-6Al1-4V alloys. However, the performance optimization of laser-cladded layers on this
alloy 1s still limited by several issues, including locally coarse grains, excessive residual tensile stress, and
limited improvement in corrosion resistance. In this study, a novel process combining laser cladding with
synchronous laser shock peening is proposed. Through this synchronous composite process, a laser-shock
forging effect is generated, enabling simultaneous cladding layer fabrication and strengthening. This further
refines the microstructure, enhances the mechanical properties, and improves the corrosion resistance of
the cladding layer. The results show that the lamellar B-T1 phase and acicular martensitic a’ -T1 phase in the
cladding layer prepared by the composite process are significantly refined, forming an interwoven and dense
basket-weave structure. The microhardness of the cladding layer increases from 360-405HV,, to
470-530HV, ., indicating a remarkable strengthening effect. Meanwhile, the average friction coefficient
decreases from 0.42 to 0.35, corresponding to a reduction of 16.67%, and the volume wear loss decreases
by 25.93%, confirming the significant improvement in wear resistance of the cladding layer. In addition,
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the shock wave induced by laser shock processing effectively promotes the transformation of residual tensile

stress into compressive stress. The maximum residual compressive stress reaches 390 MPa, and the stress

0.027 V, while the corrosion current density (i.,) decreases by 8.71X107* A+cm ™7, indicating that the
corrosion resistance is significantly enhanced and that passivation behavior occurs more readily.
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Fig.1 Principle of synchronized laser cladding and laser shock

peening composite process
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Fig.2 Correspondence between principles of laser cladding and laser

shock peening test and the process equipment
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Table 1 Main element compositions of cladding material and Ti-6A1-4V alloy (mass fraction/ %)

Material Ti Al \% C O Fe
Substrate 80.08-84.02 5.52-6.82 3.42-4.53 3.62-4.56 1.82-2.44 Bal.
Powder 82.02-88.42 4.52-5.33 3.72-3.95 2.92-4.43 2.02-2.53 Bal.
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Fig.3 Microscopic morphology of cladding alloy powder
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Fig.4 Macroscopic morphologies of Ti-6Al1-4V alloy laser cladding
layers before(a) and after(b) LSP
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Fig.5 Microstructural morphologies of the Ti-6A1-4V alloy laser cladding layers before(1) and after(2) LSP

(a)at the top of laser cladding layer; (b)in the middle of laser cladding layer; (¢)at the bottom of laser cladding layer
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(a)stress distribution on the surface parallel to the cladding direction; (b)stress distribution on the surface perpendicular to the cladding direction
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