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Abstract

Three dimensional simulations were performed for the deformation of a slab in a roller hearth type slab reheating
furnace. The main objective of this study was to examine the deformation pattern of the slab due to the shadow effect, i.c.,
the temperature difference between the upper and lower slab surfaces, in particular, the variations of displacement and
effective stress in the vertical direction. A commercially available FE code, ANSYS Workbench 12.1™ was used in a
fully coupled thermo-elasticity analysis. Several cases with different slab surface temperatures were selected for the
simulations. For the sake of simplicity, the temperature environment inside the furnace was assumed to be homogeneous
for the upper and lower faces of the slab. Two cases of with different slab width were selected as model geometry. The
deformation patterns were computed and explained in terms of periodicity and symmetry. The results indicated that the
shadow effect leads to a significant displacement in the vertical direction and, thereby, is one of the main reasons for the
separation of the slab and its supports. These simulations also predicted that the deformation is more severe along the
transverse direction than along the longitudinal direction.
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Table 1 Process conditions in simulation

Parameters Values
Slab thickness (mm) 85
Slab width (mm) 1,260, 1,540
Density (kg/m3) 7,850
Coefficient of Thermal Expansion (/°C) 0.000012
Tensile yield strength (MPa) 250
Tensile ultimate strength (MPa) 460
Temperature difference (°C) 0, 10, 20
Top surface Temp. (°C) 1048
Bottom surface Temp. (°C) 1028

- Slab material : structural steel
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Fig. 3 FE model in simulation (w = 1,540 mm)
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Fig. 5 Deformation patterns of 1,260 mm(top) and
1,540mm(bottom) slab (dy x 25)
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Fig. 6 Displacement at slab end for 1,260 mm(top)
and 1,540mm(bottom) slab
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Table 2 Summary of slab deflections
Slab Slab 1 (w = 1,260 mm)
Temp. diff. 10C 20C
Roll R1 R2 R3 R4 R1 R2 R3 R4
Rightend | -1.5390 -1.8236 -1.5874 -1.9078
Tire 1 -1.8927 | -1.4790 | -1.8025 | -1.5696 | -1.8994 | -1.5105 | -1.8042 | -1.6328
Deflection Tire 2 -2.1083 | -1.5620 | -1.9083 | -1.6252 | -2.0922 | -1.2554 | -1.7568 | -1.4032
Tire 3 -2.0504 | -1.5404 | -1.8869 | -1.6587 | -2.0367 | -1.2592 | -1.8079 | -1.4041
Tire 4 -1.7083 | -1.5243 | -1.6777 | -1.6208 | -1.7136 | -1.5525 | -1.6807 | -1.6916
Left end -1.5592 -1.6670 -1.7221 -1.8718
Slab Slab 2 (w = 1,540 mm)
Roll R1 R2 R3 R4 R1 R2 R3 R4
Rightend | -1.9098 | -1.4931 -1.9656 | -1.6150 | -2.0876 | -1.6304 | -2.2001 -1.7725
Tire 1 -1.9655 | -1.4469 | -1.8149 | -1.5426 | -1.9732 | -1.4546 | -1.8212 | -1.5805
Deflection Tire 2 -2.1707 | -1.4692 | -1.9105 | -1.5312 | -2.1374 | -1.2577 | -1.7740 | -1.3844
Tire 3 -2.0919 | -1.5001 -1.8629 | -1.5639 | -2.0750 | -1.2878 | -1.8104 | -1.4176
Tire 4 -1.7340 | -1.5327 | -1.6585 | -1.6445 | -1.7402 | -1.5289 | -1.6736 | -1.6775
Left end -1.5986 | -1.6677 | -1.6623 | -1.8662 | -1.6793 | -1.9191 -1.7621 -2.1393
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