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Simulation Analysis of Temperature Field and Process Optimization of

Laser Cladding Based on Internal Wire Feeding of Three Beams
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School of Mechanical and Electric Engineering , Soochow University, Suzhouw, Jiangsu 215021, China

Abstract The temperature field is studied and the process parameters are optimized for the laser cladding based on
the internal wire feeding of three beams. A heat source model of the three beams is established. The temperature
field of the molten pool is simulated by using the ANSYS software. The effects of defocusing amount, laser power,
and scanning speed on the morphology of the cladding layer are analyzed by experiments and simulations. The
simulation and experimental results demonstrate that the defocusing amount considerably impacts the width of the
cladding layer and the morphology of the dilution zone. The laser power mainly affects the dilution rate of the
cladding layer, and the scanning speed considerably impacts the height of the cladding layer. Further, the change of
the scanning direction impacts the dilution area of the cladding layer. The experiments are performed under a
defocusing amount of —2 mm, a laser power of 1500 W, and a scanning speed of 5 mme¢s~'. The cladding layer is
smooth and exhibits no obvious cladding defects. The cladding layer structure is martensite, the hardness is
411 HV, and the hardness distribution is relatively uniform.
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Fig. 1 Coupling principle of light and wire. (a) Coupling model; (b) light spot location
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Table 1 Chemical compositions of metal wire materials

Element C Mn Si

S P Ni Cr Cu

Mass fraction /% 0.06-0.15 1.40-1.85

0.80-1.15

<0.025 <0.025 <0.015 <0.15 <0.50
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Fig. 2 Diagram of movement of spot
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Fig. 3 Cloud chart of temperature distribution

of molten pool
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Fig. 4 Diagrams of temperature curves obtained by simulation and measurement with thermometer.

(a) Simulation; (b) thermometer test
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Fig. 5 Temperature profiles of longitudinal section and cross section of basal plate. (a) DF; (b) BE; (¢) BC
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Table 2 Width and height of cladding layer obtained at

different defocusing amounts

) ) ] Ratio of
No. Defocusing Width /  Height / widih 1o
amount /mm  mm mm
height

1 —0.5 2.88 1.04 2.77
2 —1 3.22 1.02 3.15
3 —1.5 3.42 0.96 3.56
4 —2 3.66 0.82 4.46
5 —2.5 4.18 0.86 4.86
6 —3 4.50 0.78 5.77
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Fig. 7 Cloud charts of temperature distributions of molten pool at different defocusing amounts. (a) —2 mm; (b) —1 mm
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Table 3 Width and height of cladding layer obtained

at different laser powers

Ratio of
Power / Width / Height / ]
No. width to
\\ mm mm
Height
1 1300 3.52 0.80 4.40
2 1400 3.60 0.72 5.00
3 1500 3.70 0.68 5.44
4 1600 3.64 0.66 5.69
5 1700 3.80 0.62 6.13
6 1800 3.94 0.64 5.97
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Fig. 9 Cloud charts of temperature distributions of molten pool at different laser powers. (a) 1400 W; (b) 1700 W
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Fig. 10 Cross sections of cladding layer obtained at different laser powers. (a) 1400 W; (b) 1700 W
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Table 4 Width and height of cladding layer obtained at

different scanning speeds

Speed /' Width /  Height / Ratio of
Ne- (mmes ") mm mm width to height
1 1.5 3.62 2.42 1.50
2 2 3.60 1.96 1.84
3 3 3.62 1.34 2.70
4 4 3.54 1.08 3.28
5 5 3.34 0.9 3.71
6 6 3.30 0.94 3.51
7 7 3.16 0.82 3.85
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Fig. 11 Cloud charts of temperature distributions of molten pool at different scanning speeds. (a) 3 mm/s; (b) 7 mm/s
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Fig. 12 Cross sections of cladding layer obtained at different scanning speeds. (a) 3 mm/s; (b) 7 mm/s
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Fig. 15 Single cladding layer and cross section. (a) Cladding layer; (b) cross section; (c) texture
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