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Numerical Simulation on the Temperature Field and Microstructure Analysis of
Laser Remelting Composite Ceramic Coating on TiAl Alloy Surface
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Abstract  In order to study the effects of laser remelting on microstructure of composite ceramic coating prepared
by plasma spraying, in view of the characteristics of laser remelting, a finite element model for analyzing the
transient temperature field of three-dimensional moving laser remelting Al, O; —13 % TiO, (mass fraction) composite
ceramic coating prepared by plasma spraying was established by using the employment of ANSYS parametric design
language. The temperature field in the coating and substrate was analyzed. The results show that the ceramic
coating cannot be total remelted due to low conductivity of ceramic when the coating is thick enough. According to
the distribution of temperature field, the coating can be divided into the remelted zone, the sintered zone and the
remained plasma-sprayed zone. The thickness of the remelted zone and the sintered zone is larger using a lower laser
power and scanning speed under optimum parameters. The experimental results show that the composite ceramic
coating forms three different zones after laser remelting, i. e. the remelted zone (fine equiaxed grains structure) , the
sintered zone and remained plasma-sprayed zone (lamellar-like structure). The obtained experimental results show a
good agreement with the simulation results, which indicates that the established numerical model is correct and
reliable.
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Fig. 1 Schematic of the laser remelting process
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Fig. 2 Finite element model
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Table 1 Process parameters of numerical simulation

Process parameters Setl
Laser power P /W 650
Beam size [ X w /mm 5X3
Scanning rate v /(mm/min) 1200
Thermal absorption coefficient p, 0.7
Initial temperature T,/ C 20
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Fig. 3 Temperature field distributions at
different time of (a) 0.15 s ,(b) 0.5 s and (¢) 0.85 s
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Fig. 5 Temperature distributions along different lines at
0.5 s. (a) laser scanning centerline ( x direction)
; (b) depth direction ( = direction) and (c)
transverse direction ( y direction) of the highest

temperature point
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Table 2 Plasma spraying parameters

Process Bond coating Ceramic coating
parameters (KF-113A) (ATI13)
Current/A 710 850
Voltage/V 42 42

Primary gas, Ar/PSI 65 45
Secondary gas, He/PSI 115 140
Carrier gas, Ar/PSI 45 45

Powder feed rate/(r/m) 2 3
Spray distance/mm 110 110
Traverse speed/(mm/s) 100 100
Coating thickness/pm ~100 ~350
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Fig. 7 Cross-sectional SEM morphologies of

laser-remelted AT13 coating
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Fig.8 SEM morphologies of (a) remelted (fine equiaxed
grains structure) , (b) sintered and (¢) remained
plasma-sprayed (lamellar-like structure) zones
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