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Calculation Model of Resistance to Hot Deformation in Consideration of
‘Metallurgical Phenomena in Continuous Hot Deformation Processes

Takehide SENUMA, Hiroshi YADA, Yoshikazu MATSUMURA,
Shuichi HAMAUZU and Koe NAKAJIMA

Synopsis:

An accurate estimation of the resistance to hot deformation is one of the most important factors for the
gauge accuracy of hot strip sheets. Application of an equation determined by data of single pass de—
formation to the calculation of the resistance to deformation for high speed continuous hot rolling often
causes a considerable error. The main reason for the error lies in the metallurgical phenomena during a
multiple deformation process, which are different from those of a single deformation. In this investigation,
a new calculation model has been developed which takes the influence of the metallurgical phenomena
like recovery and recrystallization on the resistance to hot deformation into consideration. It has been
shown that the dislocation density is a suitable quantity which describes the influence of the metallurgical
changes on the resistance to hot deformation quantitatively.

The model has been applied to a high speed continuous hot strip mill and a remarkable improvement
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in the estimation of the resistance to deformation has been achieved.
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Fig. 3. Influence of the recrystallization rate
on stress-strain curves.
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Table 1. Chemical compositions of steels used
in experiments.

Material C Si Mn P S Al N (o]

1 0.01 <0.01 0.25 0.002 0.005 0.016 0.0022 0.0023

2 0.05 <0.01 0.25 0.002 0.005 0.020 0.0013 0.0063
3 0.10 <0.01 0.25 0.002 0.004 0.014 0.0014 0.0034
4 0.23 <0.01 0.25 0.002 0.005 0.019 0.0019 0.0069
5 0.29 0.02 0.25 0.001 0.006 0.013 0.0022 0.0093
6 0.38  0.03 0.25 0.002 0.005 0.013 0.0029 0.0061
7 0.04 0.50 0.26 0.002 0.005 0.029 0.0017 0.0055
8 0.04 0.99.0.27 0.002 0.006 0.038 0.0018 0.0062
9 0.05 1.47 0.27 0.002 0.006 0.028 0.0019 0.0052
10 0.06 0.02 0.51 0.002 0.004 0.023 0.0030 0.0071
11 0.05 0.03 0.94 0.003 0.004 0.023 0.0018 0.0089
12 0.05 0.04 1.44 0.003 0.003 0.022 0.0016 0.0075

Upper die

deformed part

cutting line
(after testing)

Thermocouple

Fig. 7. Form of the test piece after deformation.
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A example of a simulation program.
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Fig. 11. Influence of initial grain size on the
stress-strain curves.
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Fig. 12. Influence of the amount of carbon on
the stress-strain curves.
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Fig. 15. Comparison of the resistance to defora-
mation measured with those calculated by an equa-
tion which was determined by single deformation
test results. The data were obtained for plain
carbon steels by means of a continuous hot roll-
ing mill in practice.

1.64

14
[
-8
T 12 *
Eéf * 0% + o ¢ (=3 -y * 3
3_? 19) x x—J-l—_— B— xﬂj&i‘ bi:i ?r *
Ea o el ”‘mf‘:’* o a2 “I ] L R
28" -
* ST 6
'§ o x sTs
3 o ST 4
wg 0 ST 3
§ £ + ST 2
o 2] *x ST 1
Stond No.
z [} H 10 1. 5 1L 18 £z

Total strain

Fig. 16. Comparison of the resistance to defor-
mation measured with those calculated by a mod-
el developed here. The data are the same as in
Fig. 15.
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