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AN INTEGRATED FINITE ELEMENT COMPUTER
SIMULATOR FOR THE PREDICTION OF ROLL AND STRIP
PROFILE IN HOT STRIP ROLLING

S. R.Ryoo, T. H. Kim, S. M. Hwang
Department of Mechanical Engineering, POSTECH

Abstract

A three dimensional finite element-based computer simulator is presented for the analysis of the thermo-
mechanical behaviors of rolls and strip during hot strip rolling. The simulator is capable of predicting the strip
profiles in a 4 high mill stand, and in particular, can account for the effect of bender forces and pair cross angles.
The structure of the simulator as well as various numerical schemes employed are described. The capability of
the simulator is demonstrated through applications to some selected set of process conditions.
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- model for the analysis of thermo rigid-visocplastic flow of the strip material

- model for the analysis of thermal behavior of the strip

- model for the analysis of thermo-elastic deformation of the work roll

- model for the analysis of thermal behavior of the work roll

- model for the analysis of thermo-elastic deformation of the backup roll

- model for the analysis of thermal behavior of the backup roll
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Strip ANALYSIS OF B/R ANALYSIS OF B/R
Material Low carbon steel > ELASTIC = HEAT le»
ateria (C=0.071W.%) DEFORMATION TRANSFER
inlet thickness 40.51mm ]:I ﬁ
outlet thickness 24.51mm ANALYSIS OF W/R ANALYSIS OF W/R
reduction ratio 39.49% g DEEFOL}/:‘I\%;I'EON HEAT g
Width 945mm TRANSEER
Temperature 1056°C H ﬁ
Work roll ANALYSIS OF STRIP L. ANALYSIS OF STRIP
M al HSS i PLASTIC HEAT [ 4>
ateria i DEFORMATION TRANSFER
Diamet 786.9mm
tameter 509.75mm(shaft) 3
Width 2050mm SIMULATION CONTROL PROGRAM
Speed T4mpm
initial crown 0.0mm [ PRE-PROCESSOR I I POST-PROCESSOR
wear crown 0.0mm :
Temperature 200 GRAPHIC USER INTERFACE
reference temperature* 20T
Fig. 2: Structure of steady state FE Computer
Backup roll Simulator (POSROLS310)
Material Ni-grain P —
. 1600mm, 990mm . . .
Diameter (shaft) Rolling Direction
Width 2024mm
Temperature 200
Reference temperature 20C
Process condition
bender force 0, 10010n
pair cross-angle 0,1

Table 1: Material properties and process conditions

% .
fgr th.e run(*The temperature at which the Fig. 3: Initial FE mesh for the strip
dimensions of the work roll were measured)
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Fig. 4: Initial FE mesh for the work rolls and backup
rolls

Fig. 1: A four high mill stand

-305-



5.01

4.99
—4.98
3
E 497
>

4.96
| 4.95
4.94

-400 -200 0 200 400
x[mm]

Fig. 8: Strip Profiles when bender exists. Bender
forces tested were 0, +100, -100 ton/chock
(strip width = 1000mm,r=10%,h=10mm)

Fig. 5: Deformed shapes of work rolls and backup 0 — —
rolls
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Fig. 6: Effect of strip width on strip profile id [mm]

h(exit strip thickness)=10mm; Fig. 9: Effect of projected roll arc length on C-C,
r(reduction)=30%
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Fig. 7: Effect of strip width and projected roll arc Fig. 10: Effect of strip width on C-C, (h=10mm)
length(ld) on strip crown (1d : a = 10,b = 20.8, ¢ =
31.1,d=40.5,¢ =50.8, f = 62.3 [mm])

-306-



o o
8 8

499
498

strip profile (mm)

5.02

. 5
Easm
249
a7

5.1
5.08 w=1000 —+—
w=1200 +——
£ 5.04 w=1600 ~—
> w=1800 —=—
5.02 :
5

-800-600-400-200 O 200 400 600 800
X[mm]

Fig. 11: Strip profiles when roll initial crown exists.
Roll initial crown tested were 100pum(convex
crown),(ld=15mm,h=10mm)
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Fig. 13 Effect of pair cross angle on strip profile
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Fig. 12: Effect of strip width and projected roll arc
length on C-C, (initial roll crown=100um)



