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ABSTRACT: The work aims to investigate the effect of process parameters on forming quality, microstructure, and mechanical

properties of 15-5PH cladding layers to overcome the lack of experimental and data support for optimizing the cold metal trans-
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fer (CMT) process parameters for 15-5PH cladding. Firstly, single-pass cladding experiments were conducted with wire feed
speed and welding speed as variables to clarify the effect of these parameters on forming quality and determine the optimal
process parameter window. Within parameters window, multi-pass cladding experiments were performed. Then, microstructure
of the cladding layer was analyzed by optical microscopy, and mechanical properties were evaluated through tensile testing and
microhardness testing. At a constant welding speed, increasing the wire feed speed resulted in an increase in weld width, with
height initially rising and then decreasing. At a constant wire feed speed, increasing the welding speed reduced both weld width
and height. As the wire feed speed increased, the surface waviness and dilution rate of the cladding layer first decreased and then
increased. The cladding layer primarily consisted of equiaxed martensite, a small amount of columnar martensite, ferrite and
spherical carbides. Moreover, with increasing wire feed speed, the grain size gradually increased, the tensile strength of the
cladding layer increased gradually, the microhardness showed a fluctuating change, and the elongation changed insignificantly.
At a wire feed speed of 7 m/min and a welding speed of 5 mm/s, the cladding layer exhibited excellent forming quality, high
hardness, and optimal tensile properties. The effect of CMT process parameters on forming quality, microstructure and mechan-

ical properties is clarified, and high-performance cladding layers with sound forming are successfully prepared. The outcomes

WA, £, CMT M8 15-5PH T2 R AH A PERERT ST 155

provide experimental reference and theoretical data for the shape-performance control of CMT cladding for 15-5PH.
KEY WORDS: CMT; 15-5PH; cladding; microstructure; mechanical properties
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Tab.1 Chemical compositions of substrate and filler wire wt.%
Materials C Mn Si P S Ni Cu Fe
AIST 4130 0.29 0.51 0.2 0.02 0.016 0.02 0.02 Bal
15-5PH 0.04 0.7 0.5 0.02 0.005 4.9 3.8 Bal
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Fig.1 CMT automatic welding system
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Tab.2 Single-pass cladding parameters
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Tab.3 Experimental parameters of multi-pass cladding
No v/(m-min”") ve/(mm-s™") Overlap width/mm uwv /A Line heat input/(J-mm™")
1 6 5 4.94 14.4 173 499.24
2 7 5 5.38 15.1 194 585.88
3 8 5 5.85 15.8 214 676.24
4 9 5 6.72 16.4 233 764.24
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Fig.3 Macro morphology of single-pass surfacing layer: a) Groups 1-8; b) Groups 9-16
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Fig.4 Cross-sectional morphology of single-pass surfacing layer
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Fig.5 Effect of process parameters on formation of single-pass weld: a) width; b) height; c¢) dilution
a v=5 mm/s, v/~6 m/min b v=5 mm/s, v/=7 m/min
9 20 1 234 5
il
¢ V=5 mm/s, v~=8 m/min d v=5 mm/s, v/=9 m/min
K6 HEREZEE WL
Fig.6 Macroscopic morphology of cladding layer
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Fig.7 Formation quality of cladding layer .
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Fig.9 Microstructure of ladding layer
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Fig.11 SEM morphologies of cladding layer at v.=5 mm/s, v/=7 m/min: a) columnar martensite; b) equiaxed martensite
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Fig.12 EDS analysis of precipitates in cladding layer at v.=5 mm/s, v/=7 m/min: a) reverted austenite; b) carbide
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Fig.13 Tensile mechanical properties of cladding layer
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Fig.14 Average microhardness of cladding layer
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