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A Cooling Method which Reduces the Tangential Tensile Stresses
on a Work Roll Surface during Hot Slab Rolling
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(Received November 10, 2011 / Revised December 15, 2011 / Accepted December 16, 2011)

Abstract

The work roll surface temperature rises and falls repetitively during hot slab rolling because the work roll surface is
cooled continuously by water. This study focused on Std. No. 7 to determine a cooling method which significantly reduces
the tangential tensile stresses on the work roll surface of the hot slab mill at Hyundai Steel Co. in Korea. A series of finite
element analyses were performed to compute the temperature distribution and the tensile stresses in the circumferential
direction of the work roll. The virtual slab model was used to reduce the run time considerably by assigning a high
temperature to the virtual slab. Except for the heat generated by plastic deformation, this is equivalent to the hot rolling
condition that a high temperature slab (material) would experience when in contact with the work rolls. Results showed
that when the virtual slab model was coupled with FE analysis, the run time was found to be reduced from 2000 hours to
70 hours. When the work roll surface cooled with a certain on-off patter of water spray, the magnitude of the tangential
stresses on the work rolls were decreased by 54.1%, in comparison with those cooled by continuous water spraying.
Savings of up to 83.3% in water usage are possible if the proposed water cooling method is adopted.
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Fig. 2 (a) Schematic of water spray during rolling and
(b) Description of pitch time

Table 1 The nozzle position, angle, distance and

cooling flux

Nozzle | X,y (mm) Angle (deg) | Cooling
No. 01~ 62 flux(L/sec)
1 540.4, 13.5 262.0~298.5 | 0.8808

2 508.3, 120.5 248.4~262.7 | 0.8808

3 513.2,255.5 217.0~248.2 | 0.8808

4 -543.8,291.5 91.3~117.0 0.4573
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Fig. 5 Thermal properties of the work roll used in this

study
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Table 2 The mechanical properties of the work roll

Property | Density Young’s Poisson’s
modulus ratio

Shell 7620kg/m*® | 220GPa 0.287

Core 7100kg/m® | 160GPa 0.275
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Table 3 Convection heat transfer coefficient between
the work roll and cooling

Convection heat transfer coefficient
(W/mm?-°C)
Cooling 1 0.0689
Cooling 2 0.0616
Cooling 3 0.0654
Cooling 4 0.0605
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Table 4 The computed tangential stress of the work
roll surface after pitch time (r/R=1)
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