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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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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 stereographic 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
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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 (710)/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 (710)/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) [351] initial ideal orientation, with a deflection of
7 degrees. The third group had (110) [551] 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 1 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 (710)/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) [§67] (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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a) b) ¢

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(1 1(_)) 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)[hkl] 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)[hKI] 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 [362] 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(110) 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%; c) — 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 (110) [§5 1] ideal orientation; the reduction rate of a) — 35%; b) — 55%; ¢) — 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)[hkl] cold rolled alloy with
the initial (110)[35 1] ideal orientation; the reduction rate of a) — 35%; b) — 55%; ¢) — 85%

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)[3%1] (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 concerning 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 BIUVIIKTEPMEH ITPOKATTAY KE3IHJE Fe — 3%Si(110)[hkl]
KOPBITITACBIHBIH OPTAIIIA KABATTAPBIHBIH JE@OPMALUAJIAHY O3I'EINEJIIKTEPI

AnHoTanus. Makanaga 6acTanksl KpUCTAIUIOrpausUIbIK Oaraapiay MeH nedopmanusiiay ToprinTepidin Fe —
3%Si(110)[hkl] KopbITIIachl MOHOKPUCTAIAPBIHBIH OpTalla Ka0aThIHAAFbl WIIEMJIEY TEKCTYpachlHa SCEpiH 3epTTey
HOTHOKENEPl YChIHBUIAABL. MOHOKpHCTaNIap ChIHAMaJIapbIHBIH TONTAphbl 3epTXaHajga wiemaeHni. CblHaManap Tor-
Tapbl 1eOPMAIMACHIHBIH COHFBI MeJIepi OOMbIHINA, MIEM/EY >Ka3bIKTHIFBIHIA JKaTaThIH HJeall KpHUCTaIorpa-
¢usnbIK Oarmapnay OOMBIHIIA KoHE Mealn Oaraapiiay/blH JKa3bIKTHIFbI OAFbITBIHBIH MIEMAEY OarbIThIHAH aybITKYBI
OoiibrHma xikrenai. JKoHe 1e SKCIepUMEHT KYprizy onicTreMeciMeH Oip eHjiey Ke3iHJeri KbIChUIy LIaMachl ecKe-
pinai. Unemaey HOTIDKENEpiH 3epTTEy YIIIH PEHTTEHTPaUsIIBIK o/Iic MaiaanaHIbsl. PeHTTeHTpadUsIIBIK 3epTTeyIiH
HOTIDKEIIEPiH CTepeorpadHsUTBIK MPOSKINAFA CABII TiKe TOMIOCTIK (urypanap Kypanasl. Tike momroctik purypanap
Tanjay apKachlHAa TEKCTypa KaJbINTACYBIHBIH OYPHIH AJIBIHFAH HOTIDKEIEPOCH ayBITKYJapbl aikbHAaabl. Coi
aybITKyJlap MOHI OoJbIn opramia Kabarra aedopMalUsHbIH Oip KOMIIOHEHTTI TEKCTYPAChIHBIH Maiga Ooiybl
TaOBLTAJIBI.

Tyiiin ce3mep: MOHOKpuUcTannap AeopMaIHsAChl, KPUCTALIOrPa(UsIIBIK TEKCTypa, CTaHAAPTTHIK KPHCTAILIO-
rpadUsUIBIK TPOESKUHUSUIIAPEIL, TTOJOCTIK (uUrypanap, 1eopMalysiHbIH TEKCTYpatapbl.

C. B. Mummnes', C. B. Ky3eM6aeBZ, B.T. Bepesiok', H. C. lementnena’, M. P. Cuxumbaes’, B. H. A6caapikos®

'Cubupcxuit henepanbusiii yausepeurer, Kpacnosipek, Pocens,
*KoKIeTaycKuii rocy1apcTBeHHbIH yauBepenteT uM. 111, Vanuxanosa, Kokmeray, Kasaxcras,
’KaparasMHCKHiT 5KOHOMHYECKHT yausepcuteT Kasnorpebcoroza, Kaparanma, Kazaxcran,
4I/IHCTHTyT xuMudeckux Hayk uM. A. b. bektypoBa, Anmarter, Kazaxcran

OCOBEHHOCTH JE®OPMALINU CPEJHUX CJIOEB CILJIABA Fe — 3%Si(110)[hkl]
ITPOKATKOHU C JMAMETPOM BAJIKOB 90 MM

AnHoTanusi. B crathe NpeiokeHbl pe3yJbTaThl MCCIIEJOBAHUS BIMSHHUS MCXOJHOW KpucTaiuiorpaduyec-
KO OpUEHTHUPOBKH U PEKMMOB J1e(hOpMaIMN Ha TEKCTYPY IPOKATKH B HEHTPAILHOM CJIO€ MOHOKPHCTAJUIOB CIIIaBa
Fe — 3%Si(110)[hkl]. B nmaGopaTopHBIX YCIOBHSAX OBUIM IPOKATaHbI IPYIIBI 00pPa3l0B MOHOKPUCTAILIOB. [ pyrimsl
00pa3ioB ObIIM KJIaCCH(HUINPOBAHBI 110 KOHEYHOH BeIMYHMHE Ae(opMaliy, 10 HIealbHOW KpucTamorpadguieckon
OPHEHTHPOBKE, JIS)KalIel B INIOCKOCTH MPOKATKH, M 10 OTKJIOHEHHSAM HAINPABJICHUS [UIOCKOCTH HICAIBHONW OPUESHTH-
POBKH OT HampapJeHHs NMPOKATKH. MeTOAWKON NMPOBENCHHUs SKCIEPUMEHTa YYHTBHIBAJIOCH TAKKE M BEIMYMHA 00-
JKaTHA 32 OJWH HoAKaT. [y mccnenoBaHus pe3yJIbTaToB IMPOKATKU ObLT HPHMEHEH PEHTreHOTrpadHYecKHid METOI.
JlaHHBIe peHTreHorpaduueckoro 1uccaeJoBaHus HaKIabIBalId Ha cTepeorpaduueckyio NPOSKIUIO U CTPOWIIH IIps-
Mble TOJIIOCHBIE (UrYyphl. Pe3ynbTaTsl pacindpoBKy NPSIMBIX MOJIOCHBIX (UIYp BBIIBHIM OTIAMYUS B (OPMHPOBa-
HHUHU TEKCTYpPBI OT paHee IOIYYSHHBIX Pe3yJIbTaTOB. DTH OTINYHUS 3aKII0YAIOTCS B IPOSIBIICHUH B LICHTPAIBHOM CJIOE
OJTHOKOMITOHEHTHOH TEKCTYpHI 1e(OpMalHH.

KuroueBble cj1oBa: edopMaiys MOHOKPHCTAIIOB, KpUCTAIOrpadudecKkas TeKCTypa, CTaHAapTHBIE KpUCTAl-
norpaduieckue NpOEKLH, IIOJIIOCHBIE (PUTYpPBI, TEKCTYPHI JedopMmanui.
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