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ABSTRACT

The paper presents the results of the research on the influence of the evolution
hardness scheme rolled steel, for the cold-rolled strip steel St 12. St 12 is intended
for the manufacture of cold rolled strip stamping properties environments

We studied three variants of rolling with the same degree of deformation. The
total = 60% of the samples submitted to the research were divided into 3 groups.
Samples from the first group were rolled with uniform reduction coefficient
increased from the first to the last pass. Samples from the second group were rolled
with constant coefficients decreased from the first to the last pass. Samples of the
third group were rolled with uniform reduction coefficient decreased from the first
to the last pass.

By statistical processing of the experimental data was done correlation HRB =
f (&) using an equation like: HRB = HRBo + a x &° from which the mathematical
calculations specific led to obtain equations curves hardening for the three kinds of

rolling schemes.

Following research consisting in observing as steel hardening analyzed has a
very high speed we can say that the limit of plasticity of the material cold rolling is
more than 60% where cracks are observed.
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1. Introduction

Lamination process by passing through the
space between two metal cylinders rotating met
successive improvements, achieving a quantum leap
after 50 years with the expansion of large-scale
electrical applications [1, 2].

Consequently, it could switch to complex
constructions which have increased production
capacity to meet the growing requirements of the user
industries of steel sheets and strips [3].

Introduction of automation and computerized
techniques in metallurgy meant also an important step
in the direction of the processes of plastic
deformation of steel [4].

Tables and cold rolled steel strips is a staple
with multiple uses in various industrial fields,
working to achieve different product categories, a
diverse array. Thin steel sheet and strip of low-carbon
killed or semi-killed are processed in the body parts
of cars, equipment and household appliances and
various parts or goods obtained by die-stamping or
deep drawing [3, 4].

Packaging industry is another area of using sheet
and cold rolled steel strips.

A considerable proportion of the production of
sheet and strip is covered by various methods (zinc
plating, tinning, lacquering, painting) and is designed
to create the outer shell in the construction industry.

Steel strips nickel, chromium or copper is
widely used for decorative purposes. The multitude in
the areas of use and processability requirements for
manufactured products of cold strip mills can have
different embodiments.

The machine itself is a twisting rolling stand
whose construction differs from case to case,
depending on the type of mill and form part of the
finished product.

Lamination means not only the machine itself
used for plastic deformation, but a complex of
operations and production lines which, aside
preparing raw material for cold rolling, after rolling is
conjuring various properties and characteristics of the
material that make it suitable for further processing
[2, 3]
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The complexity of technological lines of the
composition of a polling cold rolling largely depends
on the assortment of production, its destination and
the conditions of the material in terms of the
appearance of the surface, the mechanical and
technological final of employment in tolerances
imposed.

2. Materials and methods of research

Steel St 12 is a carbon steel (C = 0.1%, N =
0.007%) of general purpose and is produced
according to DIN 50014 [7]. It is intended for the
manufacture of cold rolled strip stamping properties
environments. Strips of this steel grade are produced
by DIN 1623-1.

2.1. The research method

For conducting research on the influence on the
development scheme of rolled strip cold-rolled
hardness, were used 12 samples of hot rolled strip
with dimensions of 4 x 30 x 200 mm steel St 12. The
samples were divided into three groups (each with 4
samples in each group) and were cold rolled by the
rolling according to the following scheme [2, 3]:

- samples of the first group were rolled with
uniform reduction coefficient increased from the first
to the last pass (e1 = 9.55%; &, = 13.07%; &3 =
16.60%; e4= 20.12%; &5 = 23.64%);

- samples from the second group were rolled
with constant coefficients decreased from the first to
the last pass (€1 = €2 €4 = = = €3 €5 = 16.74%);

- samples of the third group were rolled with
uniform reduction coefficient decreased from the first
to the last pass (el = 23.64%; €2 = 20.12%; €3 =
16.60%; €4 = 13.07%); €5 = 9.55 %);

In all three variants was performed the same
total degree of deformation &t = 60%.

Rolling mill was made irreversible in an
experimental type of lamination technology
laboratory of the Department of Materials Processing

and faculty Ecometallurgy SIM - UPB having the
following characteristics [2]:

- diameter cylinders: 200 mm;

- rolling speed: 1 m/s;

- drive motor power: 40 kW.

Of the four samples in each group, the first
sample was used to adjust the rolling stands while the
other three were laminated under the same lamination
as shown in the repeatability of results and for
monitoring eventual elimination of disturbing factors.
Before the first pass and after each pass, HRB
hardness was measured under standard conditions
(ball 1/16" and load 100 kg) device from the
laboratory TDP. For each sample, determinations
were made in May and was calculated arithmetic
average of the three of these determinations
eliminating outliers.

After each run was measured sample thickness
(Hi) and calculated the relative reduction in that
passage (i) and total relative reduction to the passage
in question (&) relations:

g = A _Hu=Hi 00 [%]
Hi—l Hl—l (_’]_)
Ah —H.
i, = i =TT 100 [94]
0 0

In these relationships:

- Hia is the thickness of the sample before
passage i;

- Hjis the thickness of the sample after passing;

- Ho is the initial thickness of the sample (prior
to the first pass).

3. Results obtained

After performing experiments, the results are
summarized in Tables 1, 2, 3.

Table 1. Get the HRB hardness as planned rolling with increasing relative reductions

& Hi Hi. Hi Ah; € Ahygi Etoti HRB
N;ésm proposed | proposed Sarr]\;ple realiz. realiz. 1 2 3 4 5 |Average
' % mm ' mm | mm | mm % mm %
0 - - - 14.00 - - - - 66.6 [69.866.9| 65 [70.2| 67.7
1 4.00 |3.67 |0.33 8.25 0.33 8.25 |[76.4 |75.9 |75.0 [77.2 [75.5 | 76.0
1 9.55 3.6 2 4.00 | 3.73 [0.27 | 6.75 0.27 6.75 |70.9 [72.3 [72.5 |69.1 |69.5 | 70.9
3 4.00 |3.67 |0.33 8.25 0.33 8.25 [75.4 |74.7 |73.8 [72.9 [72.1 | 73.8
1 3.67 | 309 |058 | 1580 | 0.91 | 22.75 |[88.9 |89.8 |88.2 |84.7 |87.0 | 87.7
2 13.07 3.1 2 3.73 | 310 [0.63 | 16.89 | 090 | 22.50 |87.2 [87.4 |85.5 |84.8 |85.2 | 86.0
3 367 |318 |0.49 | 1335 | 0.82 | 20.50 |[86.7 |87.0 |85.0 |86.0 |84.7 | 85.9
1 3.09 | 260 [0.49 | 1586 | 1.40 | 35.00 |89.1 [86.6 |89.0 |90.4 |90.8 | 89.2
3 16.60 2.6 2 310 | 259 |[051 | 1645 | 141 | 3525 [90.0 (88.3 |89.0 |89.2 |89.5 | 89.2
3 3.18 | 263 |055 | 17.30 | 1.37 | 34.25 |[87.7 |91.4 |89.7 |91.0 |89.1 | 89.8
4 20.12 2.1 1 2.60 | 194 [0.66 | 25.38 2.06 51.50 |91.1 [86.6 |91.2 |89.6 |87.2 | 89.2
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259 (216 043 | 1660 | 1.84 | 46.00 |86.8 |85.5 [89.8 |88.7 [88.5 | 87.9
2.63 [215 048 | 1825 | 1.85 | 46.25 |86.1 |86.0 [89.4 |88.7 |87.6 | 78.6
1.94 1155 |0.39 | 2010 | 245 | 61.25 |86.4 [90.0 |90.5 [90.2 [89.0 | 89.2
216 |[163 [053 | 2454 | 237 | 59.25 |87.7 |87.5 [90.0 |86.5 [85.0 | 87.3
215 | 159 |056 | 26.05 | 241 | 60.25 |86.4 |88.0 [85.5 |87.7 [86.3 | 86.8

5 23.64 1.6

WIN PN

Table 2. Get the HRB hardness as planned rolling with constant relative reduction

€ Hi His H; Ah; €i Ahygti Etoti HRB
No. of proposed | proposed Sample realiz. realiz.
pas. % mm no. mm | mm | mm % mm % 1 2 3 4 5 |Average
0 - - - - 400 - - - - |66.6]69.8[66.9] 65 [70.2] 67.7
1 400 [ 331 [0.69 | 17.25 | 069 | 17.25 |83.9[82.3|85.886.3]79.9| 83.6
1 16.74 3.3 2 4.00 345 |055 [ 1375 | 055 | 13.75 |84.8 [85.8 |81.3 [86.5 [85.3 | 84.7
3 400 [335 065 [ 1625 | 0.65 | 16.25 |84.7 |85.3 |85.7 [86.8 [86.4 | 85.8
1 3.31 [ 282 [ 049 | 1480 | 1.18 | 29.50 |88.5[89.3|88.8]89.9|87.5| 88.8
2 16.74 2.8 2 345 |2.78 |0.67 | 1942 | 122 | 3050 [89.0 [90.3 [89.4 [86.9 [90.5 | 89.2
3 335 [2.75 |060 | 17.91 | 1.25 | 31.25 |87.5 |86.4 |86.1 [87.3 [87.2 | 86.9
1 282 | 2.36 | 0.46 | 16.31 | 1.64 | 41.00 |87.5|87.186.7[90.5[90.5| 885
3 16.74 2.3 2 2.78 [2.23 |055 | 19.78 | 1.77 | 41.25 [90.0 |88.0 [91.1 [91.5 [88.0 | 89.7
3 275 |2.28 [0.47 [ 17.09 | 172 | 43.00 [88.5 [89.7 [88.2 [87.8 [89.0 | 88.6
1 2.36 | 1.84 | 052 [ 22.03 | 2.16 | 54.00 [90.4[89.4[91.3(91.8[90.0] 90.6
4 16.74 19 2 2.23 [1.85 |0.38 | 17.04 | 2.15 | 53.75 [87.0 |91.0 |90.6 [90.0 [89.0 | 89.5
3 2.28 [1.87 |0.41 | 17.98 | 213 | 53.25 [85.0 [85.0 [86.3 [89.3 [89.5 | 87.0
1 1.84 | 158 | 0.26 | 14.13 | 242 | 60.60 [86.1[90.4[88.3(84.0/88.0| 87.4
5 16.74 16 2 185 [1.53 [0.32 | 17.30 | 2.47 | 61.75 [90.8 [90.8 [90.0 [88.4 [90.8 | 90.2
3 187 | 157 [031 | 1604 | 243 [ 60.75 |88.2 [88.8 |84.5 |83.4 [87.2 | 86.4
Table 3. Hardness HRB obtained as planned rolling with decreasing relative reductions
€ Hi Hi1 Hi Ah; € Ahyy Eoti HRB
NOASOf proposed | proposed Sa:;ple realiz. realiz. 1 2 3 4 5 |Avera
pas. % mm ) mm | mm | mm % mm % ge
0 - - - - 400 [ - - - - |66.6 [69.866.9 | 65 0.2 | 67.7
1 4.00 | 314 | 086 | 21.50 | 0.86 | 21.50 |84.6(88.0 |87.6 [87.790.4| 87.7
1 23.64 3.1 2 4.00 | 306 [0.94 | 2350 | 0.94 | 23.50 [88.4[89.890.8 [89.5(88.9 | 89.5
3 4.00 [ 315 [ 085 | 21.25 | 0.85 | 21.25 [88.0 [88.5[88.0 [88.8(88.0| 88.3
1 314 | 255 [ 059 | 18.79 | 1.45 | 36.25 |88.6 |90.8 |92.5|90.4[91.3 | 90.7
2 20.12 2.4 2 3.06 [ 2.58 [0.48 | 15.69 | 1.42 | 3550 [91.7[90.1[90.8 |89.0/90.8 | 90.5
3 315 | 245 [ 070 | 22.22 | 155 | 38.75 |90.3 [85.9 |89.4 |90.2[89.3 | 89.0
1 2.55 [ 2.05 [ 050 | 19.61 | 1.95 | 48.75 [88.685.8 [86.0 |89.5/88.7 | 87.7
3 16.60 2.0 2 2.58 [ 2.12 [0.46 | 17.83 | 1.88 | 47.00 [89.0[88.7 [88.2 |88.5|91.2] 89.1
3 245 | 213 [ 032 | 13.06 | 1.87 | 46.75 |89.2 |86.1|87.4 |88.2(87.0 | 87.6
1 2.05 [ 1.77 [0.28 | 13.66 | 2.23 | 55.75 [86.7 [91.5|89.5|91.6/87.0] 89.3
4 13.07 18 2 212 | 1.8 [032 | 1509 | 2.20 | 55.00 |90.6 |88.7 |85.8 |85.0(84.0 | 86.8
3 213 [ 175 [0.38 | 17.84 | 2.25 | 56.25 [89.5[89.5|91.588.0/91.3| 90.0
1 177 | 160 [ 047 | 960 | 2.40 | 60.00 |86.0 [86.4[85.0[86.3|86.2| 86.0
5 9.55 1.6 2 1.8 | 150 [0.30 | 16.67 | 250 | 62.50 [89.0 [89.6[89.0[91.0|88.4 | 89.4
3 175 [ 1.65 [ 010 | 571 [ 2.35 [ 58.75 [88.5[84.8 [86.890.0|87.3] 875
Based on data in Table 1 was built variation The equation was linearized as follows:
diagram (Fig. 1) depending on the degree of hardness
reduction. HRB— HRBy=a-&? &)
Figure 2 shows the variation HRB hardness
depending on the degree of reduction in total under log(HRB — HRB,) =loga + b-logs (5)
the scheme rolling with constant relative reduction.
Figure 3 shows the wvariation in hardness The change of variables was made:
depending on the degree of reduction based on the
data in Table 3. Y = log(HRB — HRBy) (6)
The correlation HRB = f (¢) was obtained by
statistical processing of the experimental data using X =loge O
an equation of the type [5, 6]:
A=b 8)
_ . ob
HRB =HRBy ta-¢ ©) B=logaa ©
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and there was obtained a linear equation of the type:

Y=A-X+B (10)

HB [MPa]

2 30 40 60
The total relative reduction, [%)]
Fig. 1. HRB hardness grade 1 for total variation
reduction as planned rolling with increasing
relative reductions
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The total relative reduction, [%]
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Fig. 2. HRB hardness grade 2 for total variation
reduction as planned rolling with constant
relative reduction
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HB [MPa]

20 30 40 50
The total relative reduction, [% ]

10 60
Fig. 3. HRB hardness variation with the total
degree reduction as planned rolling with

decreasing relative reductions

The coefficients A and B are determined by the
relationship:

n -zn:xi Y, —ixi -Zn:Yi
_ = i=L

A 1 (11)
n- 2 X; —(inj
ZYi-;xf—;xi-Yi-%:x, 12)

After calculating the coefficients, it returns to
initial variables:

a = 108 (13)

b=4 (14)
After the calculations, there result specific
equations hardening curves (15, 16, 17) for the three
kinds of rolling regimens studied.
For the scheme rolling, coefficient reduction
breeders:
HRB = 66.7 + 1.8757 x £06%3 (15)
For the scheme in order to reduce rolling with
constant coefficients:
HRB = 67.7 + 11.8957 x %4 (16)
For the scheme of rolling coefficient, it reduces
to the lower value:

HRB = 67.7 + 23.85 x £003 17

4. Conclusions

Analyzed steel has a very high work-hardening
rate, the area of the gliding limited degree of
deformation is up to about 15% and occurs after the
linear sliding. Over 40% of the total grade material
deformation from the zone where the speed of
hardening is greatly decreasing is tending to zero.

For proper technological behavior in the cold
rolling, rolling the most appropriate scheme is the
scheme with coefficients relative reduction breeders.
Since entry into the dish to this type of scheme rolling
is done at a relative reduction of approximately 40%
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it is recommended for the line rolling from MITTAL
STEEL (lamination line with five stands arranged in
tandem to work continuously) to use a rolling scheme
with discounts increasing relative to the passage Il
after the reduction coefficients will be descending.

As the experimental tests were made to a total
level of 60% relative reduction, no cracks were
observed in the material, it can be appreciated that the
plasticity limit of the material of cold rolling is 60%.
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