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Abstract: The horizontal force acting on a work roll was examined. This force results from the contact force between
the work roll and backup roll in a backup-roll-drive 4-high cold-rolling mill. This horizontal force bends the work roll
horizontally and therefore exerts reciprocal action on the roll-gap contour. An analytical model for predicting the
horizontal force acting on a work roll, which generates a mean value in the steady state, was presented. The material
used for the analysis was high-silicon steel (about 3% Si). A three-dimensional finite element (FE) model was also
employed to investigate the non-steady-state behavior of the horizontal force. Results showed that the horizontal force
varied with the off-center distance between the work roll and backup roll. In addition, the optimal off-center distance
was determined to minimize the horizontal force.
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Fig. 1 Schematic of a back-roll-drive 4-high cold rolling
mill



Fig. 2 Moment and forces acting on work roll and
backup roll
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Fig. 3 Finite element meshes and boundary conditions
(a) three-dimensional geometry and (b) Side view
of strip, work roll and backup roll
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Table 1 Process conditions and material properties used
in analytical and numerical analysis

Process conditions Values
Entry thickness (mm) 23
Exit thickness (mm) 1.5
Strip width (mm) 995
Forward strip tension (kN) 119.5
Backward strip tension (kN) 90.2
Rolling speed (mpm) 682
Young’s modulus of strip (GPa) 210
Young’s modulus of work roll (GPa) 220
Friction coefficient between strip 0.03
and work roll ’
Friction coefficient between work roll 0.05

and backup roll

Flow stress of strip (MPa): 1119(0.001+ g)*'”
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Fig. 4 Roll forces predicted by analytical and numerical
model
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Fig. 5 Horizontal forces of work roll predicted by
analytical and numerical model
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