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FEATURES OF STRUCTURE AND PROPERTY
FORMATION FOR COLD-ROLLED LOW-CARBON
STEELS FOR AUTOMOBILE MANUFACTURE

IN RELATION TO THE DEGREE OF REDUCTION
DURING COLD ROLLING
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Features are established for preparation of high category (VOSV (extremely specially hard drawing),
VOSV-T) rolled product of low-carbon steel 08Yu using small degrees of reduction during cold rolling.
Production solutions are developed based on them for improving a set of mechanical properties. The effect
of impurities on steel 08Yu properties is studied and recommendations are developed for correcting
technology in order to provide high steel stamping properties with an increased impurity content.
Keywords: low-carbon steel, rolling, reduction, texture, annealing, mechanical properties, aluminum nitride,
impurities.

The main requirement for steels intended for manufacturing the facing components of automobile body of prescribed
configuration by means of cold stamping is their capacity for deep drawing (stamping properties). Stamping property spec-
ifies the capacity of metal to change shape during forming without loss of continuity. The main high stamping steels are
low-carbon type 08 Yu and ultralow-carbon steels, free from interstitial atoms (IF-steels). They are used extensively for man-
ufacturing the facing components of an automobile body, such as wings, hood panels, trunk lid, front and rear skirts, and
also side members.

The main specifications for thin rolled sheet of low-carbon steel 08 Yu with respect to mechanical properties in rela-
tion to drawing category are specified by GOST 9045. The specifications for the microstructure of cold-rolled product in
order to provide the highest stamping indices have adequately studied and substantiated. In [1-3], it has been shown that fer-
rite grain size should be quite coarse (Nos. 6-9). With a finer grain size, there is a reduction in stamping properties, and with
a structure too coarse during stamping there is formation of an “orange peel” defect at a metal surface. Apart from the grain
size, its shape has a marked effect on stamping properties: in order to improve stamping properties formation of an extended
“pancake” grain size (with coefficient d,/d,, = 2, where d,| and d_ are grain size along and across the rolling direction,
respectively), and also texture characteristics after annealing: orientation {111}(110) is most favorable for deep drawing. Also
obligatory is the absence in solid solution of interstitial impurities, primarily nitrogen, which is necessary for preventing metal
tendency towards aging (amount of free nitrogen not more than 0.0002%).
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TABLE 1. Significant Paired Correlation Coefficients for Yield Strength Gy with Steel 08 Yu Chemical Composition Parameters

Correlation coefficient for oy with rolled sheet thickness
Chemical composition parameter
<1.5 mm >1.5 mm
[Al] 0.08 -0.34
(Al ] 0.08 -0.33
[N] 0.26 0.38
[AL, J/[N] -0.15 -0.48
Note. Al is total Al content; Al  is acid-soluble Al.

A key parameter of production technology for cold rolled metal is the degree of reduction during cold rolling,
mainly governing conditions for the occurrence of recrystallization, final microstructure, and mechanical properties. A sig-
nificant proportion within the volume of cold-rolled low-carbon steel production is coiled product 0.5-1.2 mm thick, which
is prepared with use of a high level of reduction (70-75% and more). Formation of structure and properties of this rolled
product, and possibilities of improving the stamping property indices have been the subject of much work [1-9]. It has been
shown that a reduction in nitrogen and sulfur content in steel changed conditions for formation of the main excess phase
precipitates, affecting low-carbon steel, i.e., aluminum nitride and manganese sulfide.

It has been established [4—6] that ferrite grains size and yield strength of cold-rolled metal depend not on its grain size
in semi-finished product, but on the amount of aluminum nitride and manganese sulfide particles with a size of 0.1-0.3 pum,
which being centers of new grain generation during recrystallization annealing, provide grain refinement in cold-rolled metal.
Grain shape and size, and texture characteristics depend on nitrogen content in solid solution before the start of steel anneal-
ing. Separation of finely dispersed aluminum nitride particles in the initial stages of recrystallization during annealing leads
to an increase in steel stamping properties. In order to provide the highest set of properties, it is necessary to correct the steel
chemical composition parameters and its treatment technology [4]. This correction of technology necessitated an increase in
the content within steels of other elements, in particular, chromium, nickel, copper, vanadium, molybdenum, caused by an
increase in the proportion of metal scrap used fro steel smelting, containing these elements [4-9]. Introduction of these rec-
ommendations, primarily with respect to recrystallization annealing in bell furnaces, has made it possible to improve con-
siderably the level of stamping property indices for the thick sheet product in question, and annual output of rolled product
of higher drawing category (VOSV, VOSV-T according to GOST 9045-93 and other standard documents). At the same time,
in preparing rolled product of considerable thickness (1.5-3.0 mm) the production possibilities for existing equipment in
many cases do not provide a high degree of reduction during cold rolling. A decrease in the degree of reduction to 50-60%
or less changes features of steel microstructure and property formation during annealing, and it also affects production param-
eters and properties, i.e., it leads to preparation of rolled sheet with low stamping property indices.

The aims of research conducted by the authors were to study features of provision of high stamping property indices
for rolled sheet prepared using small degrees of reduction during cold rolling and develop on their basis production solutions
for improving a set of properties. This makes it possible to prepare rolled product of high drawing category without using the
current ultralow-carbon steels (IF type), but from more economically alloyed low-carbon steels.

The work was carried out in several stages. In the initial stage, comparative statistical analysis was made of the effect
of steel 08Yu chemical composition on rolled sheet properties in relation to thickness for metal of 46 batches produced in
2008 in accordance with the procedure described in [10].

Significant paired correlation coefficients are provided in Table 1 for yield strength with chemical composition
parameters for rolled sheet with a thickness of less than 1.5 mm and more than 1.5 mm.
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TABLE 2. Difference of Average Values of Chemical Composition Parameters for Rolled Product Groups 0 and 1

Average
Chemical composition parameter Student #-criterion
Group 0 Group 1
[N] 0.0045 0.0051 -2.187
[AL, (J/N] 9.38 7.94 2.415
TABLE 3. Steel 08 Yu Test Melt Chemical Composition
Melt Element content, wt.%
num- [AL, JJ/IN] | AL, (IX[N]
ber C Si Mn P S Cr Ni Cu Al | Al N v Ti
1 0.04 | 0.01 | 0.13 | 0.005 | 0.014 | 0.02 | 0.02 | 0.03 | 0.05 | 0.042 | 0.005 | 0.002 | 0.001 8.4 0.00021
2 0.05 | 0.01 | 0.15 | 0.01 |0.017 | 0.03 | 0.03 | 0.06 | 0.04 |0.034 | 0.006 | 0.003 | 0.002 5.67 0.00020
3 0.05 | 0.01 | 0.14 | 0.004 | 0.013 | 0.03 | 0.04 | 0.04 | 0.04 | 0.033 | 0.005 | 0.002 | 0.002 6.6 0.00017
TABLE 4. Cold-Rolled Steel Microstructure Characteristics
Melt number h, mm g % d,,, um dyld,,
1 3.2 42 23.57 2.02
2 1.5 73 19.58 2.67
3 2.1 58 18.85 2.40

It may be seen that in contrast to the thinner rolled sheet for that with a thickness from 1.5 mm the yield strength
during the first tests correlates strongly with the ratio [Al, (J/[N], and correspondingly with the content of Al and N. In order
to reduce the yield strength, there should be an increase in the ratio [Al, (J/[N] due to a reduction in nitrogen content and an
increase in aluminum content. This is connected with the fact that due to the smaller degrees of reduction during cold rolling
(50-68% instead of 70% or more) precipitation of aluminum nitride particles in the initial stages of recrystallization during
annealing with stable uniform conditions, occurs less rapidly. An increase in aluminum content with respect to nitrogen con-
tent intensifies this process. An increase in nitrogen content promotes formation in rolled sheet of a larger number of submi-
cron aluminum nitride particles, which leads to grain refinement in cold-rolled metal, and correspondingly to an increase in
yield strength Oy. The features established for the effect of ratio [Al, (J/[N] in yield strength are also confirmed in evaluating
the difference in average values of chemical composition parameters for rolled sheet with thickness greater than 1.5 mm:
group 0 — Oy < 175 MPa, and group 1 — Cy > 175 MPa (Table 2).

A study of cold-rolled specimens with thickness & = 1.5, 2.1, and 3.2 mm for metal of three melts (Table 3) indi-
cates that the grain elongation factor d,/d, . increases with an increase in the degree of reduction during cold rolling €_ ,
which in turn leads to a reduction in Oy (Tables 4 and 5). The average grain size d,,, (for two directions d,; and d, ) with mea-
surement within the limits indicated did not appear to have a significant effect on yield strength. It is also seen from Table 5
that metal from melts 1 and 2 is inclined towards aging, i.e., to a change in yield strength Acy and relative elongation Ad,
after simulation of aging with heating up to 100°C, soaking for 1 h ([N]%}, is nitrogen content in solid solution; 63 o
are average values of yield strength before and after aging; 852 , 8"

yav’ Yy av
4 ay» 04 5y are average values of relative elongation before and
after aging).
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TABLE 5. Rolled Sheet Properties, Propensity to Aging in Relation to Nitrogen Content in Solid Solution in Hot-Rolled Product

Melt number NI, oy, MPa oy MPa Aoy, MPa 352 % 3l % A3y, %
1 13.9 186.5 201.5 15 47 47.8 -0.8
2 14.05 175.6 180.5 4.9 45.5 40.5 5
3 7.35 183.5 183.5 0 44 44 0
TABLE 6. Steel Chemical Composition for Rolled Product 1.8-2.0 mm Thick
Melt Content, wt.%
num- [Al, J/IN]
ber C Si Mn P S Cr Ni Cu | Al | Alyg N Mo A% Ti Nb | Cr+Ni+Cu
1 | 0.046 | 0.015 | 0.141 | 0.004 | 0.011 | 0.014 | 0.014 | 0.021 | 0.045 | 0.040 | 0.0035 | 0.002 | 0.002 | 0.002 | 0.002 0.049 11.43
2 10.044]0.012 | 0.147 | 0.008 | 0.020 | 0.028 | 0.028 | 0.071 | 0.043 | 0.038 | 0.0041 | 0.002 | 0.002 | 0.001 | - 0.127 9.27
3 [0.044|0.010 | 0.156 | 0.009 | 0.011 | 0.030 | 0.024 | 0.029 | 0.041 | 0.038 | 0.0029 | 0.005 | 0.002 | 0.001 | - 0.083 13.10
0.051 | 0.022 | 0.152 | 0.008 | 0.017 | 0.020 | 0.017 | 0.029 | 0.034 | 0.028 | 0.0057 | 0.002 | 0.002 | 0.002 | 0.002 0.066 4.9
5 10.040]0.010 | 0150 | 0.005 | 0.016 | 0.020 | 0.030 | 0.050 | 0.044 | 0.039 | 0.0040 | 0.002 | 0.002 | 0.002 | 0.002 | 0.0127 9.75
TABLE 7. Mechanical Properties (average values) of Steel 08 Yu Rolled Product 1.8-2.0 mm Thick
Melt number h, mm Oy ay» MPa Gy av» MPa Oy 0 R n
1 2.0 177 291 47 1.94 0.21
2 1.8-2.0 172 289 46 1.76 0.21
3 2.0 194 298 44 1.76
4 2.0 200 306 43 2.08 0.2
5 2.0 188 291 44 227 0.2
Note. R is plastic anisotropy coefficient; n is strain hardening coefficient.

In spite of the higher value of [AL, (/[N] in steel melt 1, the yield strength on aging increased by 15 N/mm?. For rolled
steel of this melt, having the minimum degree of reduction during cold rolling, precipitation of aluminum nitride particles
during recrystallization occurred to an insufficient degree, which led to marked grain elongation (d/d,. = 2.02) and also to
retention of nitrogen in solid solution and inclination of metal towards aging. Metal of melt 3 (thickness 2.1 mm, degree of
reduction during cold rolling 58-59%) did not reveal a tendency towards aging and corresponded in properties to drawing
category VOSV. For melt 2, due to the greater degree of reduction (73%) the lowest values of oy were obtained both during
the first and supplementary tests. However, for this melt a significant reduction is observed in the relative elongation during
aging (A, = 5%), which is connected with lower values of [Al, (J/[N] (see Table 3).

Taking account of the results of statistical analysis given above, it may be assumed that the main reason for obtaining
unsatisfactory properties of test rolled product is the unfavorable chemical composition of the steel: low values of [Al (/[N]
and a high nitrogen content. At the same time, the expediency is apparent of increasing the degree of reduction during cold
rolling, using hot-rolled product of considerable thickness.
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TABLE 8. Steel Chemical Composition for Rolled Product 2.5-3.0 mm Thick

Melt Content, wt.%

num- [Al, (J/IN]
ber | C | Si | Mn | P S | & | Ni | Cu|Al,|A,| N | Mo | V | Ti | Nb |Cr+Ni+Cu

6 |0.042 | 0.010 | 0.154 | 0.005 | 0.010 | 0.017 | 0.023 | 0.037 | 0.041 | 0.036 | 0.0039 | - |0.002 | 0.002 | 0.002 | 0.077 9.23
7 |0.034 | 0.009 | 0.150 | 0.005 | 0.016 | 0.025 | 0.035 | 0.061 | 0.039 | 0.033 | 0.0039 | 0.005 | 0.002 | 0.001 | - 0.121 8.46
8 10.032|0.009 |0.158 | 0.006 | 0.018 | 0.019 | 0.026 | 0.049 | 0.044 | 0.038 | 0.0048 | 0.002 | 0.002 | 0.002 | 0.002 | 0.094 7.92
9 10.039|0.028 | 0.157 | 0.012 | 0.017 | 0.041 | 0.029 | 0.063 | 0.036 | 0.031 | 0.0045 | 0.003 | 0.003 | 0.002 | 0.002 | 0.133 6.89
10 | 0.045 | 0.019 | 0.150 | 0.006 | 0.017 | 0.025 | 0.027 | 0.030 | 0.044 | 0.039 | 0.0053 | - |0.002 | 0.001 | 0.002 | 0.082 7.36
11 ]0.042|0.020 | 0.161 | 0.007 | 0.010 | 0.019 | 0.014 | 0.027 | 0.038 | 0.034 | 0.0039 | 0.002 | 0.002 | 0.002 | 0.002 |  0.060 8.72
12 ]0.042 | 0.016 | 0.157 | 0.008 | 0.017 | 0.019 | 0.013 | 0.017 | 0.039 | 0.034 | 0.0036 | - |0.002 | 0.001 | - 0.049 9.44

TABLE 9. Mechanical Properties of Steel 08Yu 2.5-3.0 mm Thick

Melt number h, mm Oy av» MPa Gy av» MPa ) R n
6 25 191 290 46 2 0.2
7 29 177 287 47 - -
8 3 167 282 47 - -
9 3 184 294 45 - _
10 3 184 288 46 - _
11 3 210 287 47 1.99 0.19
12 3 181 281 47 - -

Note. R is plastic anisotropy coefficient; n is strain hardening coefficient.

In view of this, a reference batch of rolled sheet of different thickness (from 1.8 to 3.2 mm) was produced from hot-
rolled semifinished product of identical thickness of 5.5 mm, which made it possible to check the different degrees of reduc-
tion during cold rolling. Detailed analysis of the effect of chemical composition on properties was carried out separately for
rolled sheet 1.8-2.0 mm thick and with a thickness of 2.5-3.0 mm (chemical composition and mechanical properties are given
in Tables 6, 7 and 8, 9).

For rolled product 1.8-2.0 mm thick (degree of reduction during cold rolling 64-67%), the best mechanical proper-
ties, with a reserve corresponding to category VOSV, were obtained for metal of melts 1 and 2 with high [Al, J/[N] = 11.43
and 9.27. For the other three melts, having either a very low value of the ratio [Al, J/[N] = 4.9, or a high overall content of
Cr, Ni, and Cu, equal to 0.127%, or a high Mo content (0.005%), the values of yield strength obtained were too high (for cat-
egories VOSV or even OSV). Thus, the results obtained confirm the statistically revealed features of the effect of chemical
composition on rolled sheet properties 1.8—-2.0 mm thick. It should be noted that for all of the melts in question, the vanadi-
um content did not exceed 0.002%. As shown below, with a higher vanadium content the mechanisms of microstructure and
property formation for rolled sheet metal change somewhat.

For rolled sheet 2.5-3.0 mm thick (degree of reduction during cold rolling 45—49%), the highest property level
(low value of Oy corresponding to or close to that required for category VOSV-T) were obtained for metal from melts with
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Fig. 1. Nature of the dependence of yield strength on the degree of reduction
during cold rolling.

Oy, MPa
220

210 |
200
190
180 |
170

160 |
150 |

140 -_—
0.0008 0.0012 0.0016 0.0020 0.0024: 0.0028 0.0032

V1, %

Fig. 2. Nature of the dependence of yield strength on vanadium content.

low carbon content, i.e., less than 0.035% (melts 7 and 8). The highest values of o, were obtained for rolled product from
melts with the lowest sulfur content (melts Nos. 6 and 7, respectively, with low values of product [Mn]-[S] = 0.0015-0.0016).
This is connected with the greater amount of submicron manganese sulfide particles, precipitated during hot rolling, which
leads to grain refinement in metal and to a corresponding increase in cold-rolled product yield strength. Probably, these fac-
tors are decisive in forming the structure and properties of rolled sheet during cold rolling with low degrees of reduction.

In the next stage, statistical analysis was performed for the effect of chemical composition parameters and technolo-
gy rolled properties with thickness 1.5 mm or more batches of metal smelted in 2011. It should be noted that for the material
in question there was a marked increase in the number of batches of metal containing more than 0.002% V.

The highest paired correlation coefficient was obtained for yield strength and degree of reduction during cold
rolling (Fig. 1).

Stable high values of oy have been obtained with the degree of reduction of 50-51% for three batches of metal con-
taining 0.046—0.050% carbon. This did not make it possible to obtain the value of Oy required for category VOSV-T since the
carbon content in this case should be less than 0.04% [4].
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Fig. 3. Dependence of Gy on total content of chromium, nickel, and copper (a); on ratio of acid-soluble aluminum
to nitrogen content (b) and on silicon content (¢) with the condition [V] = 0.002%.
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Fig. 4. Temperature dependence of excess phase molar fraction (a) and vanadium carbonitride content (b) in steels
with 0.001% V and 0.005% V.
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Further analysis was carried out for batches with similar degrees of reduction during cold rolling (61-68%). It was
established that all the high values of G, (more than 185 MPa) relate to batches with a high vanadium content (not less than
0.002%) (Fig. 2).

In view of the fact that a significant part of the batches corresponded to category VOSV-T with a vanadium content
of 0.002% or more, it is desirable to refine conditions for preparation of the required metal mechanical properties with
increased vanadium content. For this, data were treated corresponding to the condition [V] = 0.002%. For these batches, an
effect on Gy was revealed for the overall content of Cr, Ni, and Cu, ratio [Al, (J/[N], and Si content (Fig. 3).

Structure and property formation mechanisms for rolled sheet of greater thickness of steel with increased vanadium
content included the following. In steels with an increase in carbonitride-forming element content, in particular with a vana-
dium content of 0.002% and higher, with a low ratio [Al, (]/[N] during annealing precipitation is possible of primarily vana-
dium carbonitride, which suppresses precipitation of aluminum nitride, affects recrystallization processes, and leads to a
reduction in stamping properties. This confirms the results of thermodynamic calculations for the possibility of forming
excess phases with participation of vanadium (Fig. 4) by a program developed in TsNIIchermet [11, 12]. It has been shown
that in steels containing vanadium, thermodynamically substantiated precipitation of its FCC-carbonitride is close in compo-
sition to carbide VC [4].

At the same time, another mechanism of the effect of vanadium is possible, which is connected with kinetic features
of AIN particle precipitation, in particular, the possibility of suppression of their precipitations during hot rolling. In this case,
formation of vanadium carbonitride is possible, which may exist at higher temperature (temperature for the start of precipi-
tation is close to the Ac; line).

Presence in this steel of an increased amount of silicon not only leads to solid solution strengthening, but also accel-
erates precipitation of vanadium carbonitride, and not aluminum nitride as in steel with a low vanadium content. Therefore,
in preparation of cold-rolled metal of considerable thickness for steel with a considerable content of carbonitride-forming
impurity elements in order to provide high stamping properties it is desirable to have a limit for the lower value of the ratio
[Al, JJ/[N] = 8, and also an upper limit for silicon content, i.e., not more than (0.015-0.016)%.

It should be noted that stamping properties are worsened (with an increase in Gy) with a reduction in temperature
for the end of slow cooling below 685°C (for metal) (Fig. 5). With a metal temperature below 685°C, there are almost no
batches corresponding to the VOSV-T category.

Thus, the effect of vanadium on metal properties is connected with the possibility of forming vanadium carbonitride
particles during annealing, affecting the occurrence of recrystallization processes and causing dispersion hardening. Even in
the case of dissolution of these particles during high-temperature annealing (Fig. 6a) followed by slow cooling to a compar-
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second high-temperature annealing stage (b).

TABLE 10. Average Property Values for Metal of Two Groups

Average for group Student Significance Data for group Standard deviation for group
Parameter 0 | t-criterion Chs.s. level 0 | 0 |
G,, MPa 162.4 179.7 -7.213 27 0 24 4 5.2378 1.5422
6y, MPa 2814 291.6 -3.242 27 0.0032 24 4 5.8505 9.0157

3y, % 46.104 45.983 0.159 27 0.8751 24 4 1.3512 2.3809

TABLE 11. Description of Metal Batch Not Corresponding to Drawing Category VOSV-T

Batch number Gy, MPa G, MPa Oy, % Ty 720 fin» C Hy, ,» mm H g, mm €., %

1 178.75 296.25 44.5 723 4.20 1.5 65.08

2 177.5 300 44.5 711 5.52 2 63.77

3 181.25 285 45.25 725 5.01 2 61.03

4 180 297.5 45.5 725 552 2 64.93

Note. T, 7) g, is gas atmosphere temperature at the end of the second annealing stage: H, ,, is average rolled product thickness at the 12th stand;
H is rolled product thickness at the exit from the hot rolling stand.

atively low temperature, repeated formation of them is possible. In turn, the metal temperature after the end of slow cooling

depends on the maximum annealing temperature, which should not be lower than 715°C for the gas (see Fig. 6b).

Thus, the optimum annealing temperature (gas atmosphere) is 715-720°C (corresponds to a metal temperature of

690-700°C). With an annealing temperature lower than 715°C, it is possible that the steel can include vanadium carbonitride
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particles, and with an increase in annealing temperature above 720°C the metal is transferred into the two-phase o.—y-region,
which in both cases leads to worsening of properties.

On introducing limitations for the overall content [Cr + Ni + Cu] < 0.1%, the ratio [Al, JJ/[N] = 8 and content
[Si] £ 0.016%, €, > 60%, without limitation of the content of other elements: group 0 — oy < 175 MPa, and group 1 —
oy > 175 MPa (Table 10).

It may be seen that all the batches of metal correspond to category VOSV (see Table 10), and only four batches of
29 did not correspond to drawing category VOSV-T (Table 11).

It may be seen that batches 1, 3, and 4 are distinguished by high (Tg 720 fin > 720°C), and batch 2 low (Tg 720 fin = 111°C)
temperature for gas at the end of soaking in the annealing stage.

Thus, with observation of the following conditions: Tg 720 fin = 715-720°C; the overall content of Cr, Ni, and Cu not
more than 0.1%; the ratio [Al, J/[N] < 8; [Si] content < 0.016%; the degree of reduction during cold rolling &, . > 60%;
all batches corresponded to drawing category VOSV-T (independent of the content of the rest of impurity elements, includ-
ing carbonitride-forming elements).

Conclusions. With the use of small degrees of reduction during cold rolling (50-68), precipitation of aluminum
nitride particles in the initial stages of recrystallization during annealing under stable uniform conditions occurs less rapidly
than in rolled product prepared with a degree of reduction more than 70%. With an increase in the value of [AL (]/[N], this
process is intensified. In order to reduce the yield strength, the ratio [Al (J/[N] in steel should be provided at a level of not
less than eight, which is desirably achieved by reducing the nitrogen content to 0.004%.

An increase in silicon content leads not only to solid solution strengthening, but also with an increase in carbon and
nitrogen activity to precipitation primarily of vanadium carbonitride. This suppresses precipitation of aluminum nitride and
leads to a reduction in steel stamping properties, and therefore it is desirable to limit the silicon content within it to not more
than 0.015-0.016%.

The optimum value of maximum annealing temperature is 715-720°C (gas atmosphere), 690-700°C (for metal).

It has been shown that fulfilment of the conditions: overall content of Cr, Ni, and Cu not more than 0.1%, phos-
phorus content not more than 0.010%, silicon content not more than 0.016%, ratio [Al, (J/[N] not less than 8, with the use
of the recommendations for optimum production parameters (Tg 720 fin = 715-720°C, degree of reduction during cold rolling
€., > 60%) provides properties of rolled sheet 1.5-2.0 mm thick in accordance with specifications for metal of drawing cat-
egory VOSV-T.

It may be suggested that a further increase in the ratio [Al, (J/[N] (to 10-11), mainly by reducing the nitrogen con-
tent to 0.0035% and less, leads to the possibility of achieving the level of properties required with less stringent limitations
for impurity content. This question will require experimental verification.

It is currently undesirable to manufacture rolled sheet of greater thickness (2.5-3.2 mm) from steel 01 YuT. At the
same time, research should continue for the possibility of preparing a high set of mechanical properties of this low-carbon
steel rolled sheet.

The work was carried out within the framework of State Contract No. 16.518.11.7024 of May 12, 2011 with finan-
cial support from the Russian Foundation for Basic Research (Grant No. 11-08-12128 ofi-m).
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