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ABSTRAC

Purpose: The aim of the present work was to demonstrate that, in laboratory conditions and using a physical simulator
of metallurgical processes, it us possible to reflect the actual production process and, at the same time, to simulate new,
not necessarily perfect rolling technologies, while not incurring any outlays on industrial lots of a new product line.

Design/methodology/approach: The article present the results of physical simulations of the process of
rolling plates of steel S460NL1 on the finishing stand of a reversing mill. The simulations were performed for three
final plate thicknesses, namely 8, 10 and 12 mm.

Findings: The purpose of the simulations was to select the conditions of band deformation with the aim of
obtaining, directly after rolling, a material structure corresponding to the structure obtained from normalizing
annealing. Thus, the simulations reflected the normalizing rolling process.

Practical implications: The researches carried out has allowed to elaborate new technology of production of
rolling plate without a additional thermal treatment like as normalisation. It allow to decrease a time and total cost
of production for this sort of product.

Originality/value: The investigation carried out has confirmed that it is possible to obtain and manufacture 8, 10 and
12 mm-thick plates of S460NL1 grade steel by normalizing rolling in the conditions of the plant under consideration.
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1. Introduction

The modernization of the metallurgical industry is being
conducted towards applying new, scientifically justifiable
intensive technologies that are characterized by a continuity of
processes, a reduced energy consumption and the economy of
material consumption per unit of finished product [1-7,11,15]. A
justified result of this trend in the development of the production
of metals is the combination of plastic deformation and heat
treatment into a single technological process, which leads to a
reduction in the consumption of material outlays and energy.
This, at the same time, widens the scope of application of plastic
deformation that can be used not only to impart required shapes
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and dimensions to the products, but also to shape the essential
mechanical properties of the rolling product [8-10]. Controlled
rolling [1,2,8,12-14] is a variant of the plastic working of metals
and alloys, which is characterized by controllable stock heating
conditions, temperature and deformation parameters strictly
defined for a given chemical composition and preset product
cooling conditions at different plastic working stages. As a result,
the preset structure is obtained, along with a special type of
substructures and hardening phases that assure a simultaneous
enhancement of strength and impact resistance or provide special
properties for the material.

The proper design of the controlled rolling technology
requires, however, the knowledge of numerous factors that



influence the condition of the material after the process.
Therefore, the verification of the developed technology becomes
necessary. To avoid unnecessary costs associated with trial rolling
in industrial conditions, physical simulations of processes are
carried out, which reflect the industrial conditions in a laboratory
scale [11-14]. The aim of the present work was to demonstrate
that, in laboratory conditions and using a physical simulator of
metallurgical processes, it us possible to reflect the actual
production process and, at the same time, to simulate new, not
necessarily perfect rolling technologies, while not incurring any
outlays on industrial lots of a new product line.

2. Work methodology and materials for
research

Steel of S460NL1 grade, whose chemical composition is
summarized in Table 1, was used in the investigation.

Table 1.
Chemical composition of steel S460NL1
C Mn Si P S Cr
0,14 1.55 0.42 0.019 0.004 0.08
Ni Mo Cu Al N, v
0,077 0.02 0.18 0.031 0.016 0.115
Nb B Ti Sn Ca B

0,015 0.0001 0.003 0.014 0.0013  0.0001

The article discusses three different physical simulations of
the deformation of steel S460NL1 for three final thickness: 8, 10
and 12mm, which were carried out in accordance with conditions,
as shown below. Table 2 shows the scheme of rolling band of a
final thickness of 8mm. The scheme of passes, temperature and
break times, shown in Table 2, were taken from the engineering
reports of the Plate Mill of a steelworks.

Table 2.
Parameters of the rolling process of 8mm final thickness plate,
simulated in the experiment for a specimen of steel S460NL1

Pass hy, hy, tp, T, AT,
no. mm mm s °C °C
1 27.75 18.88 0 1040 -
2 18.88 13.11 8.81 1037 3
3 13.11 10.02 10.01 1009 28
4 10.02 8.81 11.06 969 40
5 8.81 8.3 11.05 925 44
6 8.3 8.09 17.3 877 48

The specimen was heated up to the temperature of 1050°C,
which corresponds to the temperature of band incoming form the
break-down stand, soaked at this temperature for 60 s, and then
cooled down (at a rate of 2°C/s) do a temperature of 1040°C, at
which the first deformation took place. After the last deformation
carried out at 877°C, the material was cooled at a cooling rate of
1.5°C/s. The cooling rates selected in the simulation correspond to
the real conditions prevailing in the production line. Table 3
shows the scheme of rolling band of a final thickness of 10mm.
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The scheme of passes and break times were also taken from the
engineering reports of the Plate Mill of a steelworks. The
specimen was heated up to a temperature of 1050°C, soaked at
this temperature for 60 s, and then cooled down (at a rate of
2°C/s) to a temperature of 910°C, at which the first deformation
took place. After the last deformation carried out at 843°C, the
material was cooled at a rate of 1.5°C/s.

Table 3.
Parameters of the rolling process of 10mm final thickness plate,
simulated in the experiment for a specimen of steel S460NL1

Pass hy, hy, tp, T, AT,

no. mm mm s °C °C
1 45.28 32.96 0 910 -
2 32.96 23.24 6.34 899 11
3 23.24 16.74 5.5 891 8
4 16.74 13.28 5.59 881 10
5 13.28 11.28 6.47 865 16
6 11.28 10.09 9.52 843 22

Table 4.

Parameters of the rolling process of 12mm final thickness plate,
simulated in the experiment for a specimen of steel S460NL1

Pass hy, hy, ty, T, AT,
no. mm mm s °C °C
1 39.93 30.79 0.00 955 -
2 30.79 23.19 10.50 938 17
3 23.19 16.71 12.00 926 12
4 16.71 13.99 14.60 910 16
5 13.99 12.72 15.10 889 21
6 12.72 12.12 13.60 864 25

Table 4 shows the scheme of rolling band of a final thickness
of 12mm. The specimen was heated up to a temperature of
1050°C, soaked at this temperature for 60 s, and then cooled
down (at a rate of 2°C/s) to a temperature of 955°C, at which the
first deformation took place. After the last deformation carried out
at 864°C, the material was cooled at a rate of 1.5°C/s.

3. Description of achieved results of own
researches

Figure 1 depicts the S460NL1 steel structure obtained from
the physical plate rolling simulation of a final thickness of 8 mm.
The structure shown in this figure is a ferritic-pearlitic structure
with considerable banding of the structure, the grain size of ferrite
is 9 to 10 and that of pearlite is 10.

Figure 2 depicts the obtained structure of steel S460NL1 from
the simulation of rolling plate of a final thickness of 10 mm
according to the technology presented in the table 3. This is a
fine-grained ferritic-pearlitic structure, the grain size of ferrite is
10 and that of pearlite is 10. At a magnification of 500x, the bands
of ferrite and pearlite are visible. For this final thickness (10mm)
the maximal equal distribution of the pressure in all passes was
obtained.
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a)

Fig. 1. Structure of steel S460NL1 obtained from the physical simulation of rolling plate of a final thickness of 8 mm according to the
scheme shown in Table 2; a) magnification 100x; b) magnification 500x

a) _ _ b)

Fig. 2. Structure of steel S460NL1 obtained from the physical simulation of rolling plate of a final thickness of 10mm according to the
scheme from Table 3; a) magnification 100x; b) magnification 500x

a) . b)

Fig. 3. Structure of steel S460NL1 obtained from the physical simulation of rolling plate of a final thickness of 12mm according to the
scheme from Table 4; a) magnification 100x; b) magnification 500x
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Figure 3 depicts the obtained structure of steel S460NL1 from
the simulation of rolling plate of a final thickness of 12mm
according to scheme from Table 4. This is a fine-grained ferritic-
pearlitic structure with a visible banding of pearlite, with a grain
size of ferrite from 10 to 9 and that of pearlite of 10.

4. Conclusions

The investigation carried out has confirmed that it is possible
to obtain and manufacture 8, 10 and 12 mm-thick plates of
S460NL1 grade steel by normalizing rolling in the conditions of
the plant under consideration. The obtained structures of
specimens deformed according to the schemes from Tables 2+4
are fine-grained ferritic-pearlitic structures, similar to those
obtainable by means of normalizing annealing.

The testes carried out have allowed to work out new
technology of hot plate rolling for this steel grade. This
technology allows to eliminate additional thermal treatment from
production process.
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