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THE SCIENTIFIC RESEARCHES DIRECTED
ON RECEIVING PREPARATIONS FROM THE TEXTURED METAL
SHEET WITH THE SET PROPERTIES

Abstract. The process of metal forming is widely used in metallurgy, machine-building and other industries of
production of semi-finished and finished products made of ferrous and nonferrous metals and their alloys. From this
standpoint, the important value obtains scientific research aimed at designing the properties of metallurgical blank of
the machine-building complex. In work short results of a technique of development of laboratory schemes of obtai-
ning the textured metal sheet with anisotropy of physicomechanical properties, on the basis of the principle of sym-
metrization-dissymmetrization of Shubnikov-Curie method of the differential longitudinal rolling drawing developed
are presented. The method is based on the symmetry approach for modeling processes on the basis of the identified
relationships between the kinematic factor and the impact that allows to predict the result of processing, and con-
versely, setting the result, it is possible to design technology.

Keywords: anisotropy, systemmade clement, the generating element of symmetry of an elementary field of
influence, symmetry texture, quasi-isotropic preform microplastic deformation.

Introduction. In technological processing of preparations by pressure, in particular at the first hot
rolling of industrial ingots, results of processes of transcrystallization have essential impact on macro- and
a preparation microstructure, and, therefore, and on its quality indicators.

Ways of receiving preparations with the directed crystal structure (texture) are based on management
of a ratio of macrostructural zones in system: a peripheral fine-grained zone — column crystals — equal
crystals.

On the basis of the principle of symmetrization-dissimmetrization of Shubnikov—Curie [1] authors
experimentally, with use of technologies of longitudinal rolling, is reasonable the system method allowing
to solve effectively the problems connected as with receiving materials with various on symmetry and size
of anisotropy of their physicomechanical properties, and with production of products from them with
necessary operational properties [2-6].

Discussed in [2-4] laboratory rolling longitudinal differential scheme do not exhaust all the possible
technology for sheet metal with different symmetry of the anisotropy of physical and mechanical
properties for this type of treatment. It was considered the most general case of a longitudinal rolling when
the work rolls are rotated in opposite directions at the same speed (figure 1a). [2].

In continuation of [3, 5, 6] and the development of the principle of symmetrization-dissymmetrization
Shubnikov-Curie [1, 3], the simulation laboratory processing circuitry materials legitimate question
becomes the link between the characteristics of the kinematic factor, impact and response, by which is
meant any geometric structural, physical and mechanical properties that are sensitive to the effects of rolling.
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Figure 1 — The geometric interpretation of possible kinematic parameters of laboratory processing circuit materials based
on longitudinal rolling

The most interesting from the point of view of the principle of symmetrization-dissymmetrization
Shubnikov-Curie, in the development of technologies for the production of sheet metal with different
symmetry of the anisotropy of physical and mechanical properties, is rolling, drawing, kinematic para-
meters of which are presented in figure 1 (b, ¢).

That’s way, in the present study we solve the following problem - find all the laboratory scheme lon-
gitudinal differential rolling-drawing, which allow to obtain metal sheets with different symmetries of
anisotropy of physical and mechanical properties.

Problem statement and the physical nature of the process. The fundamental difference of rolling-
drawing from conventional longitudinal rolling is in the structure of the stress field and, consequently, in
the processes occurring in the deformation, which is caused by the kinematic parameters of the working
tool and the characteristics of deformation of polycrystalline materials in the area of microplastic
deformation [6-15].

We will not consider in detail the processes occurring in the deformation, we note only that the
kinematics of the metal flow during rolling, drawing differs from the usual longitudinal rolling in that field
strain rates is not symmetrical with respect to a plane lying parallel to the axes of the rolls and equidistant
from them.

Determining influence on the symmetry characteristics of the kinematics of rolling provides a
working tool — a laboratory rolling mill rolls. Geometrically work roll in a static state is displayed as a
resting cylinder and is characterized by symmetry group c / mmm.

The moment of force F, acting on the work roll, and its geometrical interpretation, represented an
axial vector, identical in terms of the group transformations, and describe the same symmetry group oo / m.
Due to the fact that the geometric figures form a heterogencous system, based on the principle of Curie
symmetry kinematic factor of the roll is determined by the intersection of the symmetry groups co / mmm
and oo / m:

Gy= oco/mmm N oo/m = oo/m. (1)

The system of rolls in a static state is established is described mmm symmetry group, i.€. system is
symmetrical relative to the three planes of symmetry.

The symmetry group describing said system in a dynamic state is determined based on the gene-
ralized principle of symmetry and will look like:

G.~=o0o/m N oo/m = m. 2

As seen from the expression, the common element of symmetry is the plane of symmetry m,
perpendicular to the roll axes and which will determine the symmetry of the system band. Thus, the velo-
city field of the deformation is not symmetrical about a plane lying parallel to and equidistant from the
axes of the rolls.

However, the kinematic factor, in terms of symmetry, only the structural features characteristic of the
working body and completely covers the symmetry of impact, which ultimately determines the physical
and mechanical properties of the rolled product.
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The authors found an association between the kinematic factor and a factor of influence on the basis
of the symmetry approach to this kind of treatment [4].

It is known that the influence on the symmetry properties of the crystals can be analyzed: firstly - in
crystal symmetry; Second - symmetry of external forces; thirdly - symmetry offset; and fourthly - the
symmetry of the physical properties [7, 11-13, 19].

For the polycrystalline materials symmetry analysis it looks not so clear, because of the structural
features of the structure of the latter.

The authors of the impact of external forces on the symmetry of the physical properties of poly-
crystalline materials during their processing is investigated through various schemes of stress-strain state,
symmetry-related generating elements of symmetry of the elementary field exposure (GSEFE).

Symmetry approach for modeling processes on the basis of the identified relationships between the
kinematic factor allows to predict and influence the result of processing [5]. Conversely, setting the result,
it is possible to design technology.

Experimental study and discussion of the results. For the production of the original billet was
developed [17, 18, 20] technique to obtain quasi-isotropic samples by pressing powders of copper,
followed by sintering. We investigated the dependence of the density pycnometric pressing and sintering
parameters for sieve Ne 035-025. The results are shown in figure 2.
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Figure 2 — Depending pycnometric density of modes pressing and sintering copper powder (sieve Ne 035-025)

As can be seen from the graph, pressing pressure significantly affects the density of the powder,
which is explained by the influence of particle shape and external friction of the particles against each
other and on the mold surface. However, this small difference of density (less than 10%), strongly in-
fluences the subsequent processing. Sintering powders compacted under a pressure of 1 to 5 kg/mm?,
considerably increases Pycnometric density (about 30%).

At higher pressures, the effect of compression on pycnometric sintering density drops sharply. In
powder compacted pressure of about 6 kg/mm®, the sintering density does not change substantially. At
compaction pressures greater than 6 kg/mm” sinter powder, on the contrary, reduces Pycnometric density.
We believe the main reason for this change in the current process of open porosity. As is known, the larger
the porosity, the less Pycnometric density of the metal powder. During sintering there is intense release of
gases from the fusion of the powder particles and particles in the contact arcas. At low compaction pres-
sures many open pores through which gases are emitted to the outside, there is shrinkage of the sample.
With increasing pressure, the number of contact points of the particles increases, the gases can not be as
freely as before, to come out [16]. Shrinkage decreases Pycnometric density becomes smaller.

When rolling sheets in rolling mills there are vibrations which have impact on decline in quality of
hire in the form of superficial defects and a deviation on hire thickness. Frequency of vibrations of rolls
depends on the mode of rolling and a condition of the equipment. The schedule of vibration of a working
roll when rolling is submitted on figure 3 [8]. As we see, the frequency of vibrations makes about 0,3 Hz
with the greatest amplitude of 0,2 mm.

Graphically periodic defects caused by vibrations of rolls can be presented, as shown in figure 4.
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Figure 3 — The schedule of vibration of a working roll when rolling
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Figure 4 —
The scheme of emergence
of periodic defects of a leaf
as a result of own fluctuations of rolls

For decrease in influence of harmful vibrations on quality of a surface of hire, besides application of
the standard actions, application of technologies of differential rolling in two mutually perpendicular
directions with the minimum sinking for each tackle is possible, thus mutually perpendicular imposing of
periodic defects minimizes their own influence on quality of a surface of a leaf.

Experiments on rolling of samples were made on the laboratory rolling mill of Mario Di Maio 20122
firm (Ttaly) (figure 5). Diameter of working rolls of 160 mm.

Figure 5 — Laboratory rolling mill
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Initial material represented ingots section 60x6 mm and 60 mm long. After rolling the sample turned
on 90° round a vertical axis and was repeatedly rolled with the same mode. Sinking of a sample for one
tackle made no more than 5%. It is established that when rolling with sinking of 5% of vibration are
practically not observed.

The received results of rolling of quasiisotropic preparation are presented in figure 6, 7. They can
form the basis for development of laboratory schemes of receiving textures with anisotropy of physico-
mechanical properties, various on symmetry, for other types of processing of metal materials.

The direction 1 of the differential rolling

7 &7

Transverse
direction
strain

Figure 6 —
A polar figure {111} from the pressed
copper powder after usual reversive
longitudinal rolling in one direction

The direction 2 of the differential rolling

Figure 7 -

A polar figure {111} from the pressed
copper powder after differential reversive
longitudinal rolling in two mutual
and perpendicular directions
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Establishment of interrelation between a kinematic factor and a factor of influence was revealed
through impact of elements of symmetry on orthogonal system of coordinates. The spatial arrangement
initial (X5 X, X;) and shaded (X5' X;” X;") systems of the coordinates connected among themselves by the
plane of symmetry of m, perpendicular to a coordinate axis QX is given in figure 8.

X3, X5 ) s
/
// Figure 8 —
,/ The systems of coordinates (X,X,X3) and (X,'X,'X3"),
o = connected by one plane of symmetry, the perpendicular axis OX;
Xp.Xy' coinciding with the coordinate plane (X,0X3)

X

According to the received results of interrelation of systems of coordinates through elements of
symmetry identical mathematical images on the basis of tensors of the second rank were described [3].

On the basis of the established interrelations between a kinematic factor and a factor of influence
laboratory schemes of processing of metal materials were simulated by the rolling drawing method.

As the instrument of modeling of laboratory schemes of processing of materials by authors the
concept a system creating element (SKE) is entered.

The symmetry element which is basic at calculation of SKE, we will call the generating element of
symmetry of an elementary field of influence (GESEFI). Then definition of SKE in a short form will have
an appearance: - it is system which is characterized by such set of elements of symmetry which contains the
generating element of symmetry of an elementary field of influence, and their relative positioning
determines its level. Two rules follow from the last point in definition: 1) each subsequent SKE level
contains the previous, 2) derivative SKE of the current level can't be SKE of other levels. We will easily
be convinced of it when we analyse SKE of all possible levels and their derivatives for rolling drawing.

As GESEFI for rolling drawing the plane of symmetry of m which also is also its group of symmetry is.

Results of calculation of SKE on levels, for longitudinal rolling drawing, are presented in table
(without derivative transformations at each level).

Results of group transformation for SKE in a short form

SKE SKE in a short form
SKE-1 Gy =m
SKE-2 G =m N m=mm2
SKE-3 Ga=mNm=2
SKE-4 Gyu=2Nm=2/m

The generalized results can be coordinated with the theory of classification of textures by simmet-
rition signs [9, 10]. Owing to lack recently of works on improvement of the system analysis, on the basis
of the generalized principle of symmetry, this method didn't gain wide scientific circulation.

However, at development and addition of basic provisions of the system analysis on the basis of
theoretical and experimental data, the last can be applied to the solution of tasks of design of special
technologics of processing of materials.

Conclusions. At application of technologies of differential rolling mutually perpendicular imposing
of periodic defects minimizes their own influence on quality of a surface of a leaf.

On the basis of the principle of symmetrization-dissimmetrization of Shubnikov-Curie groups of
symmetry of initial (potential) fields of tension of processes of rolling drawing, by means of identical
representation at the geometrical and mathematical levels of geometric-physical parameters of the working
tool are found.

Schemes of processes of rolling drawing in which fields of tension of unilateral and reversed rolling
act as backbone elements are developed.
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BEPUI'EH KACUETTEPIMEH TEKCTYPAJTAHBUIFAH
METAJI TAPAKTAH JAUBIHAAMA AJIYTA APHAJITAH FTblUIBIMHU 3EPTTEYJIEP

AnHoTanusa, MeTaurypruaaa, ManinHA jKacayaa sKOHEC OHCPKICINTIH 0acKka camamapaa Kapa sKOHE TYCTi MeTaj-
JAp MCH OJApIBIH KOPHITIANAPBIHAH >KAPTHUIAH OHIMACD MEH JAHbIHAAMANAD OHAIPY YIMIH METANAbI KbIBIMMCH
OHZCY MPOICCTEPl KCH KOJIJAHyda. Byl Ke3KapacmeH MAIIMHA >KAcay KCIICHI YIIH MCTAJLIYPTHAIBIK JaHBIHAAMA-
HBIH KAaCHCTTCPIH sk00ajayra OarbITTAFaH FHUIBIMH 3CpTTCYJCP 30p MaHb3 anansl Kymsicta LlyoHukos-Kropu
CHMMETPHSIIAY -TUCCHMMETPISIIAY TIPUHIAIN HETI3IHIE 3epTTeN JaibHAATFaH TUPPESPCHITHATIIBIK KOIICHEH HICM-
JIEY-TapTy dAICIMEH CHMMETPH OOHBIHIIA (PH3HKA-MEXaHUKATIBIK KACHETTEPIHIH aHU30TPONHSCHI PTYPJIL TEKCTypa-
JIAHFAH METAJUT TIAPAFBIH ajy YIIH 3€PTXaHAIBIK CXEMATIAPhIH YKACay dICTEMECiHIH KbICKAIIA HOTIKEICP] OepireH.
Kunemarukanbik (pakTop MEH SPEKETTIH ApachlHAA AHBIKTAIFAH 63apa OalHJaHBICTAP HETi3IHIAEC TEXHOJIOTHIIBIK
MPOLECTEP YITLICTCHACTI CHMMCTHILIBIK TOCLIACMECT OOJIBIN oAicTeME Heri3i Ta0biaabl. COHBIMCH, TCXHOJIOTHAITBIK,
OHICYIIH HOTH)KCCIH 00JDKAyFa MYMKIHIILIITI maiaa OOmaabl KOHC KCPICIHING HOTIDKCHI OCNTIICH TEXHOJOTHAHBI
’k00anay MyMKIH.

Tyiiin cesmep: aHU30TPONHSL, XKYIHE KyPaHThIH JICMEHT, 9CEP/IiH KapanaifbIM epici CHMMETPHCHIH TY ABIPATHIH
3JIEMEHT, TCKCTY PaHBIH CHMMETPHCHL, JKAJIFaH H30TPONTHI JAHBIHAAMA, IAHBIH IUIACTUKAIBIK Ac(opMAalIiIap.

C. B. Mumnues', B. I. Bepesiok, C. b. Ky3em6aes?, E. B. Aiimaravoeros”,
M. P. CnngﬁaeB3, B. H. AGcaxpixos®
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HAYYHBIE HCCJIEALOBAHUWS, HAIIPABJIEHHBIE HA ITIOJTYYEHUE 3ATOTOBOK
N3 TEKCTYPUPOBAHHOT'O METAJLJIHYECKOTI'O JIUCTA C 3AJAHHBIMH CBOUCTBAMM

Annotamust. [Iponeccer 00paboTKH METANIOB JABJICHHEM MIMPOKO HCHONB3YIOTCS B METAILTYPIHH, MAIIMHO-
CTPOCHHH W APYTHX OTPACTIX NMPOMBIIUICHHOCTH A MPOH3BOACTBA MOy (AaOPHKATOB M TOTOBBIX H3ICIHH W3
YUCPHBIX W IBCTHBIX MCTAJUIOB, 4 TAKKC W HX CIJIABOB. C srux HOSI/II.[I/IfI, NPUHOUITHATTBHO BAKHOC 3HAYUCHHUC ITPH-
00OpETaroT HAYYHBIC UCCIICAOBAHNS, HAIIPABJICHHbBIC HA MPOCKTHPOBAHKUE CBONCTB METAJLIY PrHUCCKOH 3ar0TOBKH I
MAIIMHOCTPOHUTEIFHOTO KOMILIEKCA. B paboTe mpeacTaBiIeHbl KPaTKHE PE3yIbTaThl METOAMKH pa3padoTku radopa-
TOPHBIX CXEM HOJYUYCHHS TEKCTYPHPOBAHHOTO METAILUTMMYECKOTO JIHCTA C PA3IHYHON MO CHMMETPHH aHH30TPOIHCH
(PM3MKO-MEXaHMIESCKUX CBOMCTB, METOAOM IU(PPEPEHIMATLHON MPOJOIBHOW IMPOKATKH BOJIOUCHHEM, Pa3pabOTaH-
HOH HAa OCHOBE NPHWHIMIIA CHMMeETpH3anuu-auccummerpusanun 1lyOrnkosa-Kropu. B 0CHOBE METOIMKH IICKHUT
CI/IMMGTPI/IfIHI)IfI noaxod mpu MOACTUPOBAHUH TCXHOJOTHICCKHUX MPOLECCOB HA OCHOBC BBIABJICHHBIX B3aHUMOCBSI3CH
MEXKIy KHHEMATHICCKUM (DaKTOPOM M BO3ACHCTBHEM, YTO IO3BOJLICT IMPOTHOZHPOBATH PE3YIbTAT TEXHOJIOTHIECKOH
00paboTKH, 1 HAOOOPOT, 331aBAS PE3YIBTAT, MOKHO CITPOCKTHPOBATH TCXHOIOTHIO.

KioueBnbie cioBa: aHH30TPOIHMS, CBOKHCTBA, MPOKATKA BOJIOUCHHUEM;, CHCTEMOOOPA3YIOINH 3IEMCHT, ITOPOXK-
JAXONIMK 3JEMEHT CHMMETPHH 3JIEMEHTAPHOTO MOJIA BO3ACHCTBHA, CHMMETPHS TEKCTYD, KBA3HU30TPOMHAS 3aTOTOB-
Ka, MAKPOILIACTHYECKHE e(hOPMAIIHH.
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