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Thermodynamic Coupling Analysis of Air Cooling for X70
Pipeline Steel Continuous Casting Slab Based on ABAQUS
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(1 State Key Laboratory of Metal Material for Marine Equipment and Application, Anshan 114009, China;
2 Ansteel Group Iron and Steel Research Institute , Anshan 114009, China)

Abstract: With the increase of the proportion of hot delivery and hot charging in pipeline steel continuous casting slab, the
cut continuous casting slab are prone to quality defects due to the coupling effect of phase transformation, thermal stress,
and temperature, resulting in huge economic losses. This article takes X70 pipeline steel as the research object, by compre-
hensively considering the nonlinear changes of material thermal properties parameters with temperature and the setting of
boundary conditions, the ABAQUS finite element analysis software is used to conduct thermal coupling numerical simula-
tion analysis on the cooling process of X70 pipeline steel 4 500 mm X 2 300 mm X 300 mm continuous casting slab. The
conclusion shows that the average heat dissipation rate of the center of gravity of the slab is 0. 076 “C/s, the surface center is
0. 084 °C/s, and the temperature difference between the surface and the center is between 100 ‘C and 210 ‘C, which gradu-
ally decreases over time. The stress value at the edge of the slab is 25 MPa, and the thermal stress within 300 mm of the
edge is roughly the same, within 200 MPa. Considering the changes in temperature field, the cutting time to the heating
furnace should be shortened as much as possible, or insulation measures should be added to prevent quality defects caused
by excessive thermal stress.

Key Words: Continuous Casting Slab; Thermo-Mechanical Coupling; Cooling; Temperature Field; Stress Field; Nu-
merical Simulation
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Table 1 Chemical composistion of X70 pipeline steel%
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Fig. 1 Geometric model of continuous casting slab : (a)single slab, (b)stacking slab
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Fig. 2 Temperature dependent curve of physical parameters of X70 pipeline steel :

(a) density p, (b) specific heat capacity Cp, (¢)

thermal conductivity X, (d) expansion coefficient o, (e) Young module E, (f) Poisson ratio
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Table 2 Comprehensive heat transfer coefficient of cast slab
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