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Multi Field Coupling Numerical Simulation of Roll Submerged Arc
Surfacing Process
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Abstract: Submerged arc surfacing is an important method for roll repair in metallurgical industry. The single field of temperature field
or stress field in the process of submerged arc welding of roller has been studied, but few researches on submerged arc welding flow
field are carried out. The electromagnetic force and temperature gradient are closely related to the flow in the weld pool. Therefore,
based on the thermo elastic plastic theory and CFD method, a thermo elastic plastic fluid multi field coupling model of roll surfacing
process is established, The evolution laws of temperature field, stress field and flow field were obtained. The influence of surface
tension, electromagnetic force and buoyancy on the flow state and morphology of weld pool was analyzed. At the same time, the
surfacing process was analyzed by material characterization. This research has a certain practical significance to predict the change law
of multi physical field, the evolution mechanism of molten pool flow field, and effectively prevent surfacing cracking.
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Table 1 Q235 material elements

(4 Si Mn Cr S 55 Ni Fe
0.18 0.3 0. 54 0.3 0.05 0.045 0.3 Balance
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Table 2 Lk458 wire composition
G Si Mn P S Cr Ni Fe
0.15 0.5 0.5 0.02 0.02 10 0.4 Balance
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Table 3 Technological parameters of submerged

arc surfacing

Voltage/V  Electric current/A  Speed/(mm/s) Welding wire/mm
38 430 7.5 4
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submerged arc surfacing weld pool
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Table 4 Material properties of the of submerged

arc surfacing

Properties Q235 Lk458
Solidus temperature/K 1 760 1735
Liquidus temperature/K 1 790 1767
“f;_\_ Effective viscosity/(Pa-s) 0. 06 0. 06
o P Latent heat/ (kJ-kg™ ') 230 230
5750 ] 4% K
B3 FLERJLATEUR R o) Convective heat transfer coefficient/
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Fig. 16 Change of volume fraction of martensitephase during submerged arc surfacing
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Fig. 17 Longitudinal section of submerged arc surfacing specimen

and numerical simulation hardness test position
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Metallographic structure of submerged arc surfacing coating
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Table 5 Numerical results of surface hardness

Measured data points 1 2 3
Equivalent plastic strain 0. 245 0.278 0. 301
Hardness value/HV 194. 1 205.2 212.4
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Fig. 19 Distribution of microhardness points at test location
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Table 6 Experimental hardness value
) Position
Random point " 5 3
1 183 192 201
2 175 175 190
3 180 185 189
4 170 190 183
5 169 183 194
Verage value 175. 4 187.6 191. 4
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Table 7 Comparison of experimental hardness and

numerical calculation hardness

Data point 1 2 3
Numerical calculation of hardness 194. 1 205. 2 212.4
Hardness test 175.4 187.6 191. 4
Relative error/% 10.6 9.3 10.9
DS
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