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A New Model for Predicting Width Spread in a Roughing Mill - Part I:
Application to Dog-bone Shaped Inlet Cross
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Abstract

In the current study, we present a new model for predicting width spread of a slab with a dog-bone shaped cross section
during rolling in the roughing train of a hot strip mill. The approach is based on the extremum principle for a rigid plastic
material and a three dimensional admissible velocity field. The upper bound theorem is used for calculating the width spread
of the slab. The prediction accuracy of the proposed model is examined through comparison with the predictions from 3-D

finite element (FE) process simulations.
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Fig. 1 Definition sketch of flat rolling. Only a quadrant
of the rolling geometry is shown
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Fig. 2 Change in the width of a small element in the bite
zone, lateral spread. etc
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Fig. 3 A mathematical representation of a dog bone
shaped cross section. A; represents the area
above the line z=H,(0), A, is the area below the
same line, by is the distance from the edge to the
peak, and h, represents the dog bone height
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Fig. 4 FE simulation of width spread in flat rolling of a
bar with the dog-bone shaped cross section.
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Fig. 5 (a) FEM - lateral displacements in the bite zone
across the bar width. Line no. 1 indicates the
lateral displacement at the roll entrance, while
line no. 10 indicates the lateral displacement at
the roll exit, (b) Model - lateral displacements in
the bite zone across the bar width. ¢, =3.9627 is
used
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Fig. 6 Width spread for the problem of a dog bone

shaped inlet cross section. Comparison between
predictions from the present model and those
from FEM. The data represents change in the
whole width (not half width) after rolling
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Table 1 Rolling conditions for the problem of dog bone
shaped inlet cross sections. R = 600mm, Vg =
1666.7mm/sec, u = 0.3. Regarding the flow
stress and Young’s modulus of the slab material,
&= 0.2kN/mm?, E = 200kN/mm?’. Reduction
ratio=0.1, 0.2, 0.3 for each case. A;, A, by, hp
are defined in Fig. 3

Z[Fn']lr(n%) [r72121] AJA; | hyHy(0) | bylb
50 920 0.057 1.279 0.041
50 960 0.031 1.185 0.044
50 980 0.017 1.118 0.046
50 1220 0.048 1.283 0.038
50 1240 0.037 1.232 0.038
50 1260 0.026 1.176 0.038
50 1280 0.014 1.108 0.038
60 1260 0.025 1.153 0.045
80 1220 0.059 1.306 0.041
100 920 0.056 1.225 0.040
100 940 0.044 1.188 0.042
100 1220 0.047 1.245 0.041
100 1240 0.037 1.201 0.043
100 1280 0.013 1.094 0.047
125 1120 0.050 1.220 0.049
125 1140 0.038 1.178 0.051
125 1160 0.027 1.134 0.052
125 1180 0.014 1.083 0.041
131 1330 0.039 1.200 0.050
131 1350 0.029 1.156 0.052
131 1370 0.018 1.109 0.040
145 1280 0.039 1.184 0.051
163 1330 0.039 1.184 0.051
163 1350 0.029 1.143 0.052
163 1370 0.018 1.099 0.040
180 1260 0.026 1.130 0.052
200 1000 0.029 1.144 0.052
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Fig. 7 The effect of dog-bone profile on width spread
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