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Abstract

This paper presents a new approach for the analysis of hot strip rolling processes. The
approach is based on the finite element method and capable of predicting velocity field in the
strip, temperature field in the strip, temperature field in the roll, and roll pressure. Basic finite
element formulations for heat transfer analysis are described with emphasis on the treatment of
numerical instability resulting from a standard Galerkin formulation. Comparison with the
theoretical solutions found in the literature is made for the evaluation of the accuracy of the
temperature solutions. An iterative scheme is developed for dealing with strong correlations
between the metal flow characteristics and the thermal behavior of the roll-strip system. A series
of process simulations are carried out to investigate the effect of various process parameters--
including interface friction, interface heat transfer coefficient, roll speed, reduction in thickness,
and spray zone. The results are shown and discussed.
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Table 1 Flow stress and thermal properties of the strip and roll

Strip

Roll

material AISI1016
thermal conductivity (k)
heat capacity (c)

density (p)

7638 (kg/m?)

41.0(kW/m?*C)
0.636 (kJ/kg,C)

1078 Steel
45.2(kW/m?C)
0.540(kJ/kg-C)
7837 (kg/m?)

flow stress expression of strip
g=c(T)e"™
4217

¢(T)=0. 001758-exp<T) (kN/mm?)

m(T)=—0.10036+0.00014856- 7 +7.9703*10~% T
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Table 2 Process conditions used in simulation
Simulation Roll cooling hus Reduction Roll Speed Friction
No. type (kW/m?.C) (%) (RPM) condition
1 A 60 20 60 Sticking
2 A 60 40 60 Sticking
3 A 30 20 60 Sticking
4 A 30 40 60 Sticking
5 A 0 20 60 Sticking
6 A 0 20 60 Sticking*
7 A 60 40 30 Sticking
8 A " 60 20 60 Sticking
9 A 60 20 60 ©=0.5
10 A 60 20 60 ©2=0.4
11 A 60 20 60 ©=0.3
*No heat generation
Roll diameter=400mm
Initial strip thickness=2mm
Initial strip temperature=1000C
Environment temperature=20C
%@ I A I
e B TR
© cam 1 © cue s
T T | T R AN
oo s @ cue s

Fig. 5 Temperature distributions in the strip
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