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An Integrated Mathematical Simulator
of Temperatures, Rolling Loads and Metallurgical Properties
for Development of High-function Steels
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Synopsis:

A hot integrated mathematical simulator called HIMS has been successfully developed for predicting, simuitaneously
with high accuracy, temperatures, loads and material qualities in the rolling process, covering the range from the exit of
a reheating furnace to the coilers of a hot strip mill. The simulator consists of three subsimulators for predicting each of:
temperatures of rolled material and rolls; the loads of rolling force, rolling torque and motor power; and metallurgical
properties, including y grain size and phase transformation, in addition to the mechanical properties such as yield point,
elongation and hardness. Through the interrelated calculation of the subsimulators, accurate analyses can be preformed.
HIMS is applicable to all sorts of hot strip mill processes as desired and exhibits satisfactory effectiveness in studying the
equipment and the production conditions for the development of diverse new hot rolled products having high functions.
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Temperature simulator

(a) Temperature of rolled materials
(b) Temperature of rolls
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(1) y grain size
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restoration, grain growth)

(ID) Phase transformation

(1II) Mechanical properties
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(1) Rolling force 5)

(2) Rolling torque

(3) Motor power

(4) Deformation resistance

(5) Stain distribution in
thickness direction
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Fig. 1 Interrelation among various simulators
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Data input
Mill dimension, steel grade, slab size,
temperature and y grain size at exit of R.F,,
conditions of rolling and cooling, etc.

v

Calculation of initial condition

Material speed, passing time, thickness division at!
each zone, roll radius division during rolling, etc.

!
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re ea$ ing furnace - Rolling loads, deformation resistance, etc.
[Finisher rolling] - y grain size, phasxl transformation, etc.
. - Strip temperature
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. - Strip temperature
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¥

- Mechanical properties
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End

Fig. 2 Whole simulation flow of the hot integrated mathematical
simulator
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Fig. 3 Schematic diagram of elemental division during rolling

I8 gk% % Vol. 33 No. 3 2001



124 EREMEEERRRBOOORE - TR EERE Y 2L -2 OR

No+

l Calculation of static recrystallization J

Calculation of dynamically
recrystallized grain size

Recrystallization finished?

Yes

Calculation of
l Calculation of grain growthgl restoration
l !

Calculation of mean austenite grain size

End

Fig. 4 Flow chart for calculating y grain size
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Temperature

Time

Fig. 5 Schematic TTT diagrams; F, P, B and M represent ferrite,
pearlite, bainite and martensite, respectively, and sub-
scripts s and f represent start and finish of phase trans-
formation, respectively
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Fig. 6 Comparison between calculated and measured finisher
delivery temperatures
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Table 1 Conditions for simulation

Steel grade (mass%)

Slab size (mm)

Sheet bar size (mm)

Strip size (mm) F7 speed (m/min)

Low carbon (C: 0.07, Mn: 0.42)

215T X 1300 W x 9 100L

40T X 1150W

32Tx1150W 500—700
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Table 2 Rolling loads during rougher rolling

Stand R1 R21 R2-2 R2-3 R3 R4 R5
LE 8.83 16.9 17.1 16.9 16.5 16.1 143
Force (MN) MID 8.85 16.9 17.0 16.9 16.6 16.1 14.3
TE 8.87 16.9 17.0 16.8 16.6 16.2 14.4
LE 1.03 2.70 2.56 2.29 1.90 1.58 1.16
Torque (MN -m) MID 1.04 2.70 2.56 231 1.91 1.59 1.17
TE 1.04 271 2.55 2.32 1.92 1.59 1.17
LE 1.80 6.68 6.34 5.68 8.27 10.5 10.1
Motor power (MW) MID 1.80 6.69 6.33 5.71 8.32 10.5 10.2
TE 1.80 6.71 6.31 5.74 8.83 10.5 10.2

Table 3 Rolling loads during finisher rolling

Stand F1 F2 F3 F4 F5 F6 F7
LE 18.3 16.9 10.5 10.0 9.50 7.36 7.30
Force (MN) MID 21.7 194 11.8 11.2 10.6 8.19 8.03
TE 23.4 20.1 12.1 114 10.8 8.29 8.10
LE 1.470 0.913 0.342 0.255 0.176 0.104 0.085
Torque (MN - m) MID 1.740 1.050 0.382 0.284 0.196 0.114 0.093
TE 1.870 1.080 0.393 0.289 0.199 0.116 0.094
LE 477 4.95 2.86 3.10 3.02 2.13 1.99
Motor power (MW) MID 6.40 7.01 4.06 445 4.39 3.11 2.90
TE 8.49 8.24 4.61 4.91 4.76 3.33 3.06
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from exit of reheating furnace to finisher exit
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Fig. 12 Variation of each transformed phase (thickness mean) at
leading end of rolled material from finisher exit to coiler

Table 4 Mechanical properties of final product

Position LE MID TE
YS (MPa) 263 264 266
TS (MPa) 366 367 369

El (%) 48.3 48.1 47.6

Hv 105 105 104

Thickness: Mean values
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