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Abstract

Rolling process to fabricate a strip with even thickness is significant to enhance the quality of the strip.
The thickness of a strip can be effectively controlled by pair-cross mills. However, pair-cross mill
generates thrust in the axial direction of roller and causes skewness, deflection, twist and even accidental
roll chock failure. Therefore, accurate estimation of the thrust of the pair-cross mill during rolling process
is necessary to monitor the failure of roll and the quality of products. An empirical equation given by
Mitsubishi Heavy Industry (MHI) is hitherto employed, where the thrust is expressed in terms of rolling
force, reduction ratio and crossed angle. However it turns out that the MHI empirical equation provides
somehow inaccurate and unsuitable thrust in practical rolling processes. Moreover, we learn that three
parameters involved in MHI equation are coupled each other. In this paper, axiomatic design principle is
employed to select appropriate parameters involved in approximate equation in order to make parameters
uncoupled. A quadratic equation using response surface method with new parameters is suggested. The
accuracy of the approximate model is examined by comparing with real experimental data.
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Fig. 1 Crossed roll systems : (a)crossed back up roll,
(b)crossed work roll, (c)pair crossed roll
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Table 1 Response surface model for thrust

Term, Coefficient ( 5;)
1 1 -27.5989
2 6 -47.7618
3 r 1.8157
4 P -0.0260
5 (p-a)(r-b) 0.0014
6 (8 -c)(r-b) 1.8884
7 (0-c)(p-a) -0.0422
8 (8 <) p-a)(r -b) 0.0026

a=951.829, b=21.1735, ¢=0.5172
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Table 2 Estimation of errors of RSM and MHI
approximate equations for thrust

Eavg Erms Emax
MHI 5.5776 7.2187 34.0685
RSM 4.0183 5.3265 31.2610
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Table 3 Response surface model for thrust with new

variables
Term, Coefficient( 5;)
1 1 -15.6968
2 8 -22.9486
3 r ©0.38595
4 t 0.18290
5 (t-a)(r-b) -0.02902
6 (8 <)(r-b) 0.05270
7 (0 <)t -a) 0.57261
8 (8 -c)(t-a)(r-b) 0.15519

a=5.64511, b=20.7251, ¢=0.52484

Table 4 Estimation of errors of RSM and MHI
approximate equations for thrust

Eavg Erms Emax
MHI 55776 72187 34.0685
PriorRSM | 4.0183 53265 31.2610
RSM 3.0741 4.0783 17.9735
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