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DEFORMATION FEATURES OF THE CENTRAL LAYERS
OF Fe — 3%Si(110)[hkl] ALLOY BY ROLLING
WITH A ROLL DIAMETER OF 90 MM

Abstract. The article presents the results of studies of the effect of initial crystallographic orientation and
deformation modes on rolling texture in the central layer of Fe — 3%Si(110)[hkl] single crystals.Several groups of
samples of single crystals were rolled under laboratory conditions. The groups of samples were classified according
to the final deformation rate, the ideal crystallographic orientation of the rolling plane and deflections of the direction
of the ideal orientation plane from the rolling direction. The methodology of the experiment took into account the
amount of reduction rate during one rolling. Radiographic method was used to analyze the results of rolling. The
obtained data was superimposed on a stercographic projection, and straight pole figures were built. The results of
decoding direct pole figures revealed differences in the formation of the texture from the previously obtained results.
The research shows the manifestation of the one-component deformation texture in the central layer.

Keywords: deformation of single crystals, crystallographic texture, standard crystallographic projection, pole
figures, deformation texture.

Introduction. The studies of texturing of metals and alloys, as well as their influence on the final
properties of semi-finished products and final products, are conducted by specialists of the machine-buil-
ding complex and scientists from different fields. The examples of these fields are solid-state physics,
physical metallurgy, plastic deformation, mathematics.

Nowadays, the main types of textures are represented by axial, conical and rolling textures, classified
within the group according to the symmetry.

Theoretical and experimental data in the metal forming, based on the preferred orientation in
microplastic deformations, allows us to design new types of textures using special schemes of the external
field of influence, based on the symmetry approach.

The design of new types of textures, on a symmetry basis, is aimed at obtaining semi-finished pro-
ducts and products with predetermined physico-mechanical and special properties. As a result, it will lead
to the improvement of the operational properties of machines and mechanisms, and increase both technical
and economic indicators of the machine-building complex.

The formulation of the research problem and the physical essence of the process. The formation
of texture during plastic deformation is a consequence of the rotation of crystallographic planes and
directions relatively to technological or another special direction. The crystallographic texture, being the
main component in the formation of physico-mechanical properties in polycrystalline materials, is
determined by the initial texture of the workpiece before processing and its main kinematic and dynamic
parameters. One of the ways to optimize the physico-mechanical properties of semi-finished and finished

— =



ISSN 2224-5278 Series of Geology and Technical Sciences. 3. 2019

products made of polycrystalline materials can be accomplished by controlling the texturing. The initial
crystallographic orientation of the original workpiece must be taken into account.

Thus, the task of the current paper is to determine the effect of the initial (/7/0)/hkl] texture of
Fe—-3%Si single crystals on the deformation texture in the central layers during rolling with different
reduction rate.

The difference between rolling deformation of (7/0)/hkl] alloys on the surface and deformation of
the central layers is that maximum stress axes rotate continuously around the transverse direction of
rolling. As a result, there is a change in the slip systems involved in the deformation process. In case when
the single crystal is oriented ideally relative to the (110) plane, there is a symmetric change of slip systems
on the opposite surfaces. However, when this orientation is shifted towards the direction of rolling, there is
an ambiguous participation of the slip systems in the deformation.

The influence of the initial orientation and deformation modes on the rolling texture of (110)/hkl]
single crystals with a deflection of 5+10° from the plane towards the direction of rolling was analyzed on
the example of Fe-3%Si alloy.

Three types of samples were rolled under laboratory conditions. The first group had (110)[112]
and (110)[111] initial ideal orientation, with a deflection of 8 degrees from the plane towards the rolling
direction. The second group had (110)[331] and (110)[55 1] initial ideal orientation, with a deflection of
7 degrees. The third group had (110) [55 1] initial ideal orientation with a deflection of 5 degrees.

Samples were rolled on the laboratory rolling mill DUO-90 with the rolls diameter of 90 mm, at room
temperature. The rolling was carried out without grease lubricant. The guides were used to prevent the
rotation of samples. The cross-section of the original samples was 0,48x15,0 mm.

The formation of the rolling texture of the central layers of the first group had a similar character with
the one described in the earlier papers [1+7, 11+13]. The main difference of the obtained results from the
previous studies is that the orientation of the “group 17 deformed single crystals is single-component.
Figures 1, 2 show {110} pole figures taken from the central layers of the Fe — 3%Si alloy of the specified
group, rolled with reduction rate of 35%, 55% and 85%.

The analysis shows that (7/0)/hkl] orientation of Fe-3%Si alloy is one-component. The samples with
(110)[112] ideal orientation, at a reduction rate of 35% have orientation close to (112)[351] (Figure
1,a); the samples with (110)[111] ideal orientation have the orientation close to (326)[661] (figure
2.,a). The latter sample also has dispersion around transverse rolling direction. The further increase of
deformation rate reduces dispersion and almost does not change the orientation (figure 1b, figure 2b).

The sample with (110)[112] ideal orientation, at a reduction rate of 85%, has orientation of the
plane between (112) and (111); at the same time it is slightly shifted counterclockwise from the [110]
axis and can be recorded as (234) [§6f] (figure 1, ¢). When the sample with (110)[111] ideal

orientation is deformed at a reduction rate of 85%, (112)[110] orientation is one-component (figure 2, c).
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Figure 1 — Straight pole figures (110) of the central layers of the samples (a, b, ¢) of Fe — 3%Si(110)[hkl] cold rolled alloy
with the initial (110)[112] ideal orientation,; the reduction rate of a) — 35%; b) — 55%; c) — 85%
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Figure 2 — Straight pole figures(110) of the central layers of the samples (a, b, ¢) of Fe — 3%Si(110)[hkl] cold rolled alloy
with the initial (110)[111] ideal orientation,; the reduction rate of a) — 35%; b) — 55%; ¢) — 85%

The formation of (110)[hk!] rolling texture of central layers of Fe — 3% Si alloy (groups 2 and 3),
deflected along (110) plane towards the rolling direction of 7 and 5 degrees respectively, in general has a
similar character with the one described in the earlier papers. Depending on the rolling conditions and
initial orientation, it differs by the dispersion of orientations and the presence of the other weak
components [8+10, 14+21].

The results of the radiographic analysis of the rolling groups 2 and 3 are presented in figures 3-5. The
analysis of pole figures was carried out similarly to the first group. The data is presented in the table
below.

Thus, in the process of formation of (110)[hKl] rolling texture of the central layers of Fe — 3%Si
alloy with the deflection of 8 degrees from (110) plane towards the rolling direction, the following results
were obtained. In all cases, the orientation appeared to be one-component, close to (112); in the case of
[112] reference direction, it is close to [56?] direction; in the case of [111] reference direction, it is close
to [110] direction.

The analysis of texturing during the rolling process of single crystals of groups 2 and 3 showed that
there is a similarity in texture formation. The main orientation in all the cases is (111)[110], i.e. the
single crystal rotates around [110] crystallographic direction, close to the direction of rolling.
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Figure 3 — Straight pole ﬁgures(llO) of the central layers of the samples (a, b, ¢) of Fe —3%Si(110)[hkl] cold rolled alloy
with the initial (110)[331] ideal orientation; the reduction rate of a) — 35%; b) — 55%; ¢) — 85%
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Figure 4 — Straight pole figures(110) of the central layers of the samples (a, b, ¢) of Fe —3%Si(110)[hkl] cold rolled alloy
with the initial (1 10)[§5 1] ideal orientation; the reduction rate of a) — 35%; b) — 55%; c) — 85%
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Figure 5 — Straight pole figures(110) of the central layers of the samples (a, b, ¢) of Fe —3%Si(110)[hk1] cold rolled alloy with
the initial (110)[§51] ideal orientation; the reduction rate of a) — 35%; b) — 55%; c¢) — 85%

Ideal orientation (110)[551]
Deformation 35 %

Radiographic analysis of the rolling groups 1-3 of Fe — 3%Si alloy

Deflection from Orientation after deformation:
Group Figure Ideal orientation (110) plane 35% 55% 85%
[degrees] Preliminary Intermediate Final orientation
1 (110)[112] 8 (112)[351] (112)[351] (234)[562]
: 2 (110)[111] 8 (326)[661] (335)[110] (112)[110]
) 3 (110)[331] 7 (221)[331] (790)[972] ((01;))[[1110‘(’)]]
4 (110)[551] 7 (331)[551] (331)[110] (122)[011]
3 5 (110)[551] 5 (332)[110] (111)[110] (111)[110]

The difference between the results conceming the analysis of alloys of groups 3 and 2 is the
following: in the first case, a one-component (111)[110] orientation is formed, while in the second case
almost always there is another weak orientation. It must be noted, that a one-component (111)[110]
orientation is formed in the case of a small reduction rate during one rolling, whereas an increase in
reduction leads to a two-component orientation.
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Conclusions. In the process of studies of rolling texture in the central layer of Fe — 3%Si(110)[hkl]
alloy, there were discovered some differences in the formation of the texture from those described earlier
in the scientific and technical literature. It was established that during the rolling of Fe — 3%Si alloy along
(110) plane deflected from the rolling plane around the transverse rolling direction, a single-component
deformation texture is formed in the central layers, due to the action of symmetric slip systems.
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JUAMETPI 90 MM BUIIKTEPMEH IMIPOKATTAY KE3IHJE Fe — 3%Si(110)[hkl]
KOPBITIHACBIHBIH OPTAIIIA KABATTAPBIHBIH JE@OPMAINNAJTAHRY O3TEIHIEJIIKTEPI

Annoramus. Makanama 6actamksl KpucTauiorpadusuiblK Oaraapiay MeH acopmarmanay toprinrepiniy Fe —
3%Si(110)[hkl] KopBITHACEI MOHOKPHCTAIAPBIHBIH OPTAIA KaOATBIHAAFEI WICMACY TCKCTYPACBHIHA OCCPIH 3CPTTCY
HOTIDKEJIEP] YCHIHBLIAABL. MOHOKpPHCTANAAP CHIHAMANAPBIHBIH TONTAPHI 3epTXaHaga wieMmiaeHal. CelHaManap Tom-
Tapbl Ae(OPMALMACHIHBIH COHFBI MOIIICp] OOMBIHINA, MIEMJCY >KA3BIKTBHIFBIHAA >KATATHIH HICAN KPHUCTAJIOTpa-
(rsbIk Oargapnay OOMBIHINA KOHE Waean OaraapIiay AblH JKa3bIKTHIFbI OAFBITHIHBIH HICMICY OAFBITHIHAH ayBITKY b
OotibiHmma sxikrenmi. JKoHE e 3KCHEPUMEHT JKYPTi3y 9AiCTeMeciMeH Oip eHIey Ke3lHIeTi KbICHUIY IaMachl CCKe-
pirai. Unemaey HOTHKENEPIH 3€pTTEY YIIIH PEHTICHIPa(UsUIBIK 9iC MaWAananabl. PeHTTEHrpadIAIbIK 3epTTey MiH
HOTIDKCIICPiH CTEPeOTpa(hHSIBIK MPOSKIHAFA CANIBII TiKE MOTFOCTOK (hurypanap Kypaansl. Tike momocTik (urypanap
TanxAay apKachlHIA TEKCTYPa KAIBIITACYBIHBIH OYPBIH ANBIHFAH HOTIDKEICPIACH AyBITKYJAphl avkeHAanmel. Cou
ayBITKyJIap MOHI OOmbIm oprama KadaTra AcPOpMAUHSHBIH Oip KOMIIOHCHTTI TCKCTYPACHIHBIH Taiga OOIybI
TaOBLIATIBL

Tyiiin ceszaep: MoHOKpHCTangap ae(OPMAIMSCH, KPHCTAIOrPAQIAIBIK TEKCTYPa, CTAHJAPTTHIK KPUCTAILIO-
rpaduAIbIK MPOCKUMSIIAPEL, MOJFOCTIK (hurypanap, ac(opMaIUsHBIH TEKCTY PATapsbL.
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OCOBEHHOCTH JE®OPMAILIMN CPEJHUX CJTOEB CIUIABA Fe — 3%Si(110)[hkl]
MPOKATKOMU C AMAMETPOM BAJIKOB 90 MM

AnnoTtamusi. B craree mpeanoiKEeHBI pe3yIbTaThl UCCICAOBAHMS BIMSIHUS HCXOTHOM KpuCTaLIorpadmuiec-
KOH OPHCHTHUPOBKH U PEKUMOB Ae(hOPMALIMK HA TEKCTYPY MPOKATKH B IICHTPAILHOM CIIO€ MOHOKPHCTAIUIOB CILIABA
Fe — 3%Si(110)[hkl]. B mabopaTopHBIX YCAOBHAX OBLTH MPOKATAHBI TPYIIIBI 00PA3I0B MOHOKPHCTAIIOB. [ pymsI
00pa3noB ObIIM KIACCH()MIMPOBAHBI II0 KOHEYHOW BETIMYMHE Ac(opManum, Mo WACAIbHON KPHCTAIOrpaduIecKon
OPUCHTHPOBKE, NISKAMCH B INIOCKOCTH MPOKATKH, U 10 OTKJIOHEHISIM HANPABICHUS INIOCKOCTH HICAIBHON OPUCHTH-
POBKH OT HAINIPABJICHHS IMPOKATKH. METOAMKOHW MPOBEACHMS 3KCICPHMEHTA YUHTHIBAJIOCH TAKKE W BEIMYHHA 00-
JKaTHA 32 OJMH MOAKAT. J[19 MCCICAOBAHHUA PC3yIBTATOB MPOKATKH OBLIT MPUMCHCH PCHITCHOTPA(QHUICCKHH MCTO,
JlaHHbBIE PEHTTEHOTPA(IMMECKOTO HCCICIOBAHMS HAKJIAABIBATH HA CTEPEOrpa)MueCKy 0 MPOCKIMIO U CTPOMIH IPsI-
MBIC MOIFOCHBIC (DUTYPBL. Pe3ynbTaTsl pacinpoOBKH MPSIMBIX MOMOCHBIX (PUTYp BBLIBHIM OTIHYHSA B (hopMHpPOBa-
HHUH TEKCTYPHI OT PAaHEE MOJIYUCHHBIX PE3YIbTaTOB. JTH OTIIMYIL 3aKIFOYAOTCS B IIPOSABICHUH B IICHTPATLHOM CIIOC
OJHOKOMITIOHEHTHOH TEKCTYPBI Ae(hOpMAIIHH.

KimoueBspie cioBa: medopmanus MOHOKPHCTAIDIOB, KPUCTALTOTpaiuecKas TEKCTypa, CTAHAAPTHBIC KPHUCTAT-
norpaduaecKue MPOEKIH, TTOIOCHBIC (PHTY PBI, TEKCTYPHI AcpopManum.
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