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Fig. 1 Simulation calculation results of ALE '
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Fig. 2 Numerical simulation of element diffusion in weld pool using the level set method '
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Fig. 3 Temperature of rectangular laser spot clad layer *
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Table 1 Comparative analysis of three mainstream numerical methods for thermal—fluid coupled models —

strengths, weaknesses, and recommended application scenarios
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Fig.4 Phase-field simulation of dendrite tip splitting process
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Research progress on numerical simulation of microstructure formation of laser

cladding coatings
XU Lianbo, ZHOU Jinlong, GUI Yongliang, LONG Haiyang, MA Zhanshan
(School of Metallurgy and Energy, North China University of Science and Technology, Tangshan 063000, China)
Abstract: Laser cladding technology has demonstrated remarkable advantages in enhancing materials’ high-
temperature resistance, corrosion resistance, wear resistance, and enabling material recycling. However,
experimental observation of transient evolution processes within the molten pool remains challenging, which
hinders in-depth understanding of microstructure formation mechanisms. Numerical simulation techniques have
emerged as powerful tools to address this limitation. Thermophysical parameters, such as temperature gradients
and cooling rates, play a critical regulatory role in determining grain geometric characteristics including size and
morphology. Concurrently, hydrodynamic behaviors within the molten pool influence solute redistribution and
preferred dendrite growth orientations, further shaping the microstructure. The non-equilibrium solidification
process during laser cladding triggers competitive evolution of grain structures, with morphological evolution, size
distribution, and crystallographic orientations being closely correlated with the anisotropic mechanical properties
and functional characteristics of the coatings. Notably, topological morphology evolution at the dendrite growth
front not only determines microscopic structural features like dislocation density and phase boundary characteristics
but also exerts cross-scale effects on macroscopic service performance. This review systematically examines multi-
scale computational models in numerical simulations, elucidating the solidification dynamics during laser cladding
processes. It particularly focuses on analyzing core issues such as coupled thermal-mass transport, grain
topological structure evolution, non-equilibrium solute distribution, and dendrite morphology development, Future

research in this field should place greater emphasis on refined multiphysics coupling, the integration of
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microstructural evolution with macroscopic performance, and the modeling of multicomponent alloy systems.
Numerical simulation is expected to advance toward higher resolution, multidimensional characterization, and data-
driven approaches, thereby providing stronger support for the development of high-performance coating materials
and the optimization of processing parameters.

Key words: laser cladding; melt pool solidification; microstructure; numerical simulation; temperature field;

crystal growth; dendritic morphology

B A/ T/

DD

DD

~INIPNIPNIPIPTPITID

ARERITISILAZERENEIFTZEIF

4 717 H A CaEm ATl B2 IH L T AR L RUE LR A 0T o ARl T EA G 4R
Al R it 75 B 65 20, B R RB AT BR A WR I o S BCBRFNE 5 XUk ™ H PR NG HE 0K, TR R
A7 R ATl 2 v g AR IO 5 13 B BT A A% O UL, R Al 2 € fRROBG o i e i R 5 R R

A E Tk P 2R R B BN E RN R E Sk m i A R I & T — R IR
LINER, A AT ML % O RBR e T WT B 1T % AS . AT & B 7R AT S8R 65 , 4 Hh ks 2 e o ]
(5 S BRI 5 AT, D A Tl AR E TS T i S L T A i o 7 S BER SR GER G 1.

5 B PR 16 50K e A 2R BE IRAE 5 F i RE U 0 1) 24 Wl v Ak HL I8 ARG S it P i B
BE) g, AR GEAR I 2 T Ak B AT S BOR A v 15 D0 L St A AR R A DT 1), ATl ARV AE PR BUR
l] A HLAEE LR A N PR AR 51 0 FHOCHLIRB A AT BRZA w3 H 00 K v P A A DR 5 58 v i W S 2 A
Sy KB L REVRAE 5« o vl B | e WA R SR D A Ak R T 56 ) A 435 2 S DR A iy i — AR 0 H B BR B A 7K
W B 5 S (L, ATl AV BT R FLIH AN RE S P I TS %

TER BT, 52 UK B 58 = R0 BUBURIT IR EE T — 24 68 B ATl 2 i 0 A R
JRE FE A% 5 o P PR 5 5 R A A b ¢ L T A DR )y i 0T ) A S ) S BR R G S B M R R A R
B BR VRS 0 Al IR SN L DR B A S BSOS T R B B R A R E AR B A R A R R
WA IR w) UM S0 TS T B DR AE R S AT RS ] VPG 5 5 AT BR 2 /) B PR B R 4 i A B
A TR AR AT R B T R AL A FRS W NS 52 A A BROY 1 <6 114 P Bt BB 03 A PR W) 0 B A
G SR TP AT BRZA B VHE IR TR R 2455 SR A9 AU 45 B il 52 ik, 7072 1 2R LI AR A 41 T IX I8
LR BTIRICEBOR, IF ABOR QBT (BORIT TR 4R Lol e Hh A (5 s Tl P 2 R 57 if 75 ] °F
BN E TARRRR IR A7 IR

(BORBRIR . A G w4 )



