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Numerical simulation of dynamic behavior of

molten pool in laser deep penetration welding

HE Linji, ZHANG Tianlei, XU Gang, MA Chunwei
(School of Material Engineering, Shanghai University of Engineering Science, Shanghai 201620, China)

[ Abstract] Considering the heat transfer process such as convection, radiation, heat conduction and steam recoil force, surface
tension, thermal buoyancy and other mechanical processes in the laser deep penetration welding process, a moving and rotating
Gaussian heat source is used to simplify the thermal process of welding, and the VOF method is used to is track the free interface,
the solidification and melting of the welding process is realized by the enthalpy pore method, and the continuous surface tension
model is used to convert the steam recoil force into a continuous force on a certain thickness. A mathematical model is established to
obtain the temperature field and flow field distribution of the dynamic molten pool during the deep penetration welding of austenitic
stainless steel. The results show that the small holes have periodic oscillations, and the walls of the holes form bosses under the
steam recoil force, surface tension, and hydrostatic pressure. When the boss oscillates with the keyholes, pores will be formed,
resulting in defects. The weld cross—section fusion line of the welding test is consistent with the calculation result of the model,
which proves the accuracy of the model.
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Fig. 2 The evolution process of the keyhole and temperature field in the longitudinal section of the weld
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(b) Top view of the flow field at time ¢,
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(a) Longitudinal cross—sectional flow field diagram at time ¢,
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(¢) Longitudinal cross—sectional flow field diagram at time ¢4 (d) Top view of flow field at time ¢,
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Fig. 3 Flow field diagram of the weld at different times
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Fig. 4 Schematic diagram of the molten pool

0.54 s HE S IR E DL K 5 B2 R 5 7
o FRE S (a) AT, K 36 B8 OB U P 0 (o) ALFRRBAL
i@ ,%{ﬁﬂ@ﬂﬁﬁﬁé?ﬁ%,ﬂE*»D[ZiEﬁE‘Jé‘ZE{&MS}F (¢) Located in the center of the heat source
OB L A . 1 TR AR [ 6 ph T A 4 1 2%
T ot T 4 A 1 46 T 3 A1 T, A 9 40 4
B AR S 3 I, T S ()
L B A B /AL R DX S A (LRI 4 T
ST DX AE P 7 AR [ Tl
FIHERR  Het b e K 4 TR e 1) L3, 38 ) AT
BE TG 0L, (A FE A e B, P 5 () BT

PR A | At I B i, A5 O XY 4 B I Ak (d) i T/ ML i BE
#H%%%Mﬁﬂc , 4 & %%?%{ﬁfﬁﬁz Iz 7[:[:1“2}15] (d) Located on the front wall of the small hole
oA G619 L, B A AL S 0SS RURBmRE SR AGREE
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Fig. 6 The variation of keyhole depth and width with time
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