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Flow characteristics and element distribution of melten pool in 22MnBS5
laser welding with Al-Si coating

ZHU Libin, WANG Qian, PAN Xuanjun, LI Siliang, GE Xing, ZHANG Heng, LIU Haijiang
(School of Mechanical Engineering, Tongji University, Shanghai, 200092)

Abstract: The flow behavior of the molten pool plays a decisive role in the distribution of coating elements in the weld seam. By
establishing a three-dimensional transient numerical model of the laser welding molten pool, the flow behavior of the molten pool in
laser welded of 22MnBS5 high-strength steel with Al-Si coating and its influence on the distribution of Al elements in the weld seam
were analyzed. In the welding experiment, The reliability of the numerical model was verified based on the scanning data of the
welding joint using an energy spectrometer. The flow behavior of the laser welding melten pool and the distribution of Al element
in the weld seam were studied by combining simulation and experimental results. The results showed that, according to the different
energy and power density thresholds of the laser welding line, the morphology of the melten pool presented three characteristics:
keyhole free, partially penetrated keyhole, and fully penetrated keyhole, with significant differences in temperature field, flow field,
flow rate and stability. The keyless molten pool has the best stability due to its uniform flow velocity distribution and less vortex
generation; The Al element in the coating is prone to segregation in the upper and lower weld toe areas of the welded joint.
Compared to the upper surface coating, the Al element segregation phenomenon is more obvious when the lower surface coating
enters the molten pool. Therefore, the homogenization distribution of the Al element in the upper part is significantly better than

that in the lower part.

Highlights: (1) A numerical model of molten pool flow for laser welding of 22MnB5 high-strength steel with Al-Si coating was
constructed.

(2) Revealed the characteristics of molten pool flow behavior in high-strength steel laser welding, and summarized the
homogenization law of Al element in the coating in the weld seam.
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Table 1 Chemical element compositions of 22MnB5 high-strength steel
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Table 2 Calculation parameters for critical density of 22MnB5 high-strength steel

B REp/(kg'm ) HAZEC/(Ukg K )

P BEEK/(10  m”s )

SMLRBRET /K FRT/K BRI 0(%)

7848 475.6 5.61

3773 300 44
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Table 3 Welding process parameters
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Table 4 Thermophysical parameters of Al-Si coated and 22MnB5 high-strength steel
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ALSi
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Table 5 Simulated physical constants
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experimental results; (b) calculation results
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Table 6 Simulation process parameters
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Fig. 6 Extraction positions of the zOy and zOx sections
at the center of the molten pool keyhole
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different keyhole morphologies. (a) keyless
molten pool; (b) non penetrating keyhole molten
pool; (c) through keyhole melt pool
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Fig. 9 Flow velocity distribution in melt pool under
different keyhole morphologies. (a) keyless
molten pool; (b) non penetrating keyhole molten

pool; (c) through keyhole molten pool
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Fig. 10 Stability of keyless molten pool at different time node. (a) 17 ms; (b) 50 ms; (c) 80 ms
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Fig. 11  Stability of keyhole pool at different time nodes. (a) 16 ms completely through; (b) 43 ms completely through;

(c) 72 ms completely through; (d) 8 ms not completely through; (e) 23 ms not completely through; (f) 39 ms not

completely through
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penetration welding joints; (b) thermal condu-
ctivity welding joints
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Fig. 13 Molten pool flow behavior under different

keyhole morphologies. (a) keyless molten pool

(w < w¢); (b) non penetrating keyhole molten
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