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Shape and Chemical Composition of Laser Surface Alloyed Layer
under Moving Laser Source
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*RASOM

Abstract

This study includes a basic feature of laser surface alloying for enhancing the surface properties of
materials, Effects of laser processing parameters such as beam power, beam size, scanning speed on the
shape and composition of alloyed layer was simulated in case of moving beam conditions (2-dimensional
numerical methods). Simulated results were compared with experiments, in which the plasma coating of
80% Ni + 20% Cr deposited on the SS41 substrate was remelted with CO2 laser with Gaussian energy
distribution, Simulation and experiments revealed that the shape (dimension)and composition of laser alloyed
layer were strongly dependent upon the process parameters, especially interaction time (travel speed) as
compared to beam diameter, beam power and absorptivity. The shape and composition of alloyed

layervaried more or less exponentially with parameters.

Keyword : laser spot alloying, severe condition, laser process parameter,
simulated result.
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g = h{T — T,

[hc:convective heat transfer coefficient, Ta:atmosphere temperature]
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Table 1 Thermal properties of material

Properties Values

Gravity 98 m/sec

Density 7200 kg/m3

Viscosity Temperature dependent

Thermal conductivity Temperature dependent
Specific heat Temperature dependent
Volume expansion coefficient | 00001 /K

Surface tension coefficient  |4.3%10-4 N/m - K

Liquidus temperature 1768 K




Table 2. Chemical

composition of substrate
(¢} Si Mn P S Cu
0612 | 0284 | 0593 { 0015 [ 0.009 | 0015
Ss4l Al Nb Ni Cr Mo Ti
0.020 | €0.002 [ 0.025 0.024 0.005 0.002
Table 3 Spray parameter
Plasma Gas flows (SCFH) ﬁi ;1;3
Cammier Gas Flow (SCFH) Ar 135
Powder Feed Rate (Gram/min) 144
Spray Distance (Inch) 5
Power DC Ampere 400
DC Voltage 63

Table 4 Parameter of laser suface alloying

with moving beam condition

Beamn power 2.3 4 kW
Beam diameter 2, 4, 6 mm
Travel speed 20, 30, 40, 50, 60 mm/sec

Table 5 Compositition of laser suface alloyed layer

NO Condition Fe Ni Cr
1 P4d2t20 765% 185% 501%
2 P2d4t20 421% 470% 109%
3 P3d4t20 64.0% 284% 75%
4 P3d4t30 54.6% 364% 90%
5 P3d4t40 489% 401% 11.0%
6 P3d4t50 407% 481% 113%
7 P3d4t60 18.0% 665% 155%
8 P4d4t20 652% 215% 65.2%
9 P4d6t20 480% 415% 105%

P:power(kW), d:beam size(mm), t:travel (speed mm/sec)
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Fig.1 Schematic representation of laser surface alloying
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Fig. 6 Shape of laser suface alloyed region power 4kW,
beam size 6mm, travel

speed 20mm/sec, a) Simulation-absorptivity 50%,

Fig. 3 Gaussian profile of laser beam for moving heat source i . . )
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Fig. 13 Microscopic view of laser surface alloyed region
Fig. 10 Effect of beam power on composition of laser
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Fig. 15 Isotherm of Fe-Ni-Cr system at 1300°C



