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Abstract A steady magnetic field is applied to suppress the surface undulation after laser remelting without
changing the laser processing parameters. A two dimensional (2D) transient multi- physics numerical model,
concerning heat transfer, fluid dynamics, phase transition, electromagnetic field and the surface morphology of
molten pool, is established. Comparing with the experimental results and numerical results, the suppressing
mechanism of surface undulation related to the temperature field and velocity field in the molten pool is discussed.
The results indicate that the Lorenz force supported by the steady magnetic field is a sort of drag force, whose
direction is opposite to the melt flow all the time. With increasing the magnetic flux density, the velocity of molten
pool is reduced gradually, while the temperature field remains changeless. When the magnetic flux density is higher
than 0.5 T, the shape of molten pool is changed and the height of surface undulation is decreased obviously without
changing the microstructure.
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Table 1 Chemical composition (mass fraction, %) of the substrate material

C Mn Si Cr \4 Mo Fe
0.18 0.44 0.23 <0.01 <0.01 <0.01 Bal.
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Fig.1 Schematic of laser remelting with a magnetic field
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Table 1 Material properties and laser processing parameters

Property Value Unit
Melting temperature 1700 K
Mass density 7800 kgem™
Heat capacity 746 J kg K™
Latent heat of fusion 30 Jkg!
Heat conductivity 30 Wem™' K"
Dynamic viscosity 0.006 Pa-s
Surface tension coefficient -0.52x10™* Nem"-K"
Spot size 4 mm
Laser scanning speed 400 mm - min”'
Laser power 1500 W

4 iR 50w
4.1 RIHHTHEFLE

2 7 1 A8 AN (6] 4 37 9 BE % 0, 05 368 445 b A 80 10 1% W 338 4 A (e=2), OGO R T ml S M AE B A
Pl H 218, 3 Sk ) A X ), Sk A B IR R /A G 18 i 2 SR g L Y TR A T . FR I 2(a) AT AT
RS B AR 153t £ J2 )5 77 Marangoni 3 [X Ry 25 308 X 38, 4 FR S BE Y 058 B R 0.5 T 314 ¥ 14 5
F) 1.5 T B, 5 St 199 3 (R U 380 32 W 0 /) e KU DA SRS N 3 149 0.02 m/s B AR #] 0.001 m/s. #4558 B KT
0.5 T, g 3l 37 2 A9 sk 20 A BB 2 o oo Marangoni X HH T JRUA J0 88 58 K, 124 DX A 30 3 410 7 255 0% A 45 ok B
o B3RS RUEN] T AR ASHE S AT LA ] 9 b AR X O, E TG e AR A it oA B A R 3 1) R A3 A 2

®)

B=0T, time=2s B=0.5T, time=2 s

15 16 17 18 19 20 21 15 16 17 18 19 20 21
9.0X105 x/mm 102 5.1X10% 2 /mm élO’fs 5X 103
0 020406 0810 1.21.4 05 1.0 15 20 25 3.0
g'g © B=1T, time=2s (D Bl T, sme=2 s

21 15 16 17 18 19 20 21
2.3X101 2 /mm 107 3.1x10% 2 /mm 102 9 93 104
02 04 06 08 10 1.9X10% 0.1 03 05 07 09 ’

[ 2 B S REAE TR 42 0t T 753 19 43 A5 18l (=2 8)o (a) B=0 T; (b) B=0.5 T; (¢) B=1.0 T; (d) B=1.5 T

Fig.2 Velocity of longitudinal section in molten pool with steady magnetic field (=2 s). (a) B=0T; (b) B=0.5T; (¢) B=1.0 T; (d) B=1.5 T
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