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Numerical Simulation for the Transient Temperature Field of 3D
Moving Laser Molten Pool

XI Ming-zhe, YU Gang
(Institute of Mechanics, The Chinese Academy of Sciences, Beijing 100088, China)

Abstract In order to calculate the three-dimensional transient temperature field of the continuous moving laser
molten pool, a numeric model is established basing on ANSYS software. In the established model, the influences of
the surface temperature of material on laser absorptivity and phase change of material on temperature field of laser
molten pool are taken into consideration. The analysis on the time-depended temperature field of laser molten pool is
also conducted. During laser processing, the heating and cooling process of laser molten pool can be acquired by the
numeric model. The calculated results show that when lasers scanning on the top surface of 45% steel base plate
from one point to the another point along straight line, due to thermal conductivity, the temperature of laser molten
pool increases with time increasing. The calculated result also indicates that the position of the highest temperature
point on the laser molten pool surface is slightly lagged the position of the center point of the laser beam. Under the
same laser process parameter conditions, the calculated result agrees with the experimental result, this indicates that
the established numeric model is correct and reliable.
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Fig. 1 Finite element method model of temperature field
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Fig. 2 Schematic of the moving laser molten pool
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Table 1 Interpolation table of the temperature-depended

R >R, (3

absorptivity of 45% steel

Temperature /C 20 1493 1530 2860
Absorptivity, 7 0.05 0.6 0.65 0.9
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Table 2 Thermal-physical properties of 45 steel

Density Latent heat of fusion Temperature interval of
7840 1.93X10° 1493~1530
/(kg +m™®) /(Jem™?®) phase change /C
Temperature /C 20 300 500 700 755 800 900 1000
Specific heat /(J/(kg * 'C)) 472 524 615 854 1064 806 637 602

Coefficient of heat conductivity /(W/(m « C)) 47

38 34 28 25 26 25 24

28 500.049 972.099 1444 1916

264.025 736.074 1208 1689 2152

(a)

835 568.425 1064 1560 2055

320.63 816.219 1312 1807 2303

(b)
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Fig. 3 Nephogram of temperature distribution in the base plate at different time
(a) 3s; (b) 12 s
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Fig.4 Temperature isoline in the base plate at 12 s

(a) top surface; (b) lengthwise section
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Fig.5 Schematic of temperature distribution in the
base plate

(a) top surface; (b) lengthwise section
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Fig. 6 Temperature distribution along different lines

(a) top surface of the base plate;

(b) lengthwise section of the base plate
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Fig. 7 Schematic of the location of the fixed point
in the base plate

(a) top surface; (b) longitudinal section
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Fig. 8 Temperature of the different point at
different time
(a) the fixed point on top surface;

(b) the fixed point on long direction
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