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RESEARCH OF A NEW METHOD OF DEFORMATION -
"PRESSING-DRAWING" ON MECHANICAL PROPERTIES
OF STEEL WIRE

Abstract. The problem of resource-saving methods of producing materials with properties combining high
strength and ductility in conditions of using relatively simple and inexpensive devices that enable to implement the
whole bulk of metal and intensive plastic deformation while using the minimal amount of energy and effort is very
important. In manufacturing wire from non-ferrous metals and alloys, this problem can be solved by using a com-
bined method of deformation “pressing-drawing” which has a significant advantage compared with the existing
technology of producing copper wire. This method of deformation enables to produce wire with an ultrafine grained
structure and a high level of mechanical properties, required dimensions and a crosssectional shape with a small
number of deformation cycles.

The aim of this work is to study the impact of the new combined process of plastic deformation "pressing-
drawing" on the mechanical properties. Research material is a steel wire.

We have to note that this method of deformation in implementing it in production does not require significant
economic investment and can be implemented in industrial plants for the production of wire so that it does not
require retrofitting of existing drawing machines. Because for the implementation of this combined process only the
addition to the equipment specially prepared equal-channel step die requires, designed to drawing through it material.

Keywords: pressing-drawing, equal-channel step matrix, wire, mechanical properties, steel.

Introduction. The contemporary level of electronic technology development has led to the appea-
rance of devices that often have moving parts and / or work in difficult conditions. Therefore, interest in
the problems of forming physical and mechanical properties of functional conductor materials has recently
grown abroad in connection with the need to stabilize the properties of current conductors and increase
their reliability, including in heavily loaded cable systems, motor and generators windings and low-current
computer networks [1-3]. The increased interest of researchers in such materials has greatly increased in
recent decades in connection with the use of intensive plastic deformation (IPD) methods to obtain bulk
materials with fine grains characterized by high physical and mechanical properties [4-6].

Nowadays, the mechanical properties of bulk nanostructured materials generate particular interest. It
is known that they are characterized by an increase in the yield point by 2-5 times compared with the
corresponding values on SPD at coarse-cristalline state [7-8]. The paradox of SPD, consisting in the
simultaneous growth of strength and plasticity as the degree of SPD increases, low-temperature and high-
speed superplasticity, deviations from the Hall-Petch law to the higher values of the yield point [9-11].

The SPD method is free from disadvantages of other methods of obtaining such materials, such as the
method of compacting powders obtained previously by various methods [12-14], and the method of
depositing gas atoms on a substrate or electric deposition of atoms from an electrolyte solution [15]. When
the materials are compacted or deposited, impurities and pores flow into the boundaries of their grains,
influencing the properties of the obtained materials. Among the SPD methods, the ECAE method is
especially noteworthy [16, 17].
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A polycrystalline sample of a macroscopic volume subjected to ECAE retains its shape after multiple
extrusions through a curved channel. As a rule, ultrafine-grained or nanocrystalline materials, obtained at
the output, have nonequilibrium grain boundaries and a considerable density of lattice defects [18]. These
features of the microstructure formed in the SPD process underlie the mechanical properties of the
materials. However, the ECAE has a disadvantage — the impossibility of processing products of relatively
large length due to loss of stability by a pressing punch. On the basis of a comprehensive analysis of the
existing schemes of plastic structure formation and also taking into account the promising directions of
their development [19, 20], a new combined "pressing-drawing" process using an equal-channel step
matrix (Figure 1) was proposed. It enables to obtain a wire with an ultrafine-grained structure and
increased level of mechanical properties, required dimensions and shape of the cross section at
insignificant number of deformation cycles.

. Z

Figure 1 — Scheme of the combined process of pressing-drawing:
1 — wire; 2 — equal-channel step matrix; 3 — die in die box; 4 — coiling block

Methods of research. The essence of the proposed method of deformation is as follows. The pre-
sharpened end of the wire is set into an equal-channel step matrix, and then sequentially into a calibrating
die. Essentially, the process of the metal task does not differ from the task of wire drawing under the
standard drawing process. When the workpiece end comes out of the die, it is fixed with the help of grip-
ping ticks and wound on the drawing-mill drum. In this case, the process of pulling the workpiece through
an equal-channel stepped matrix and calibrating die is implemented by applying the pulling force to the
end of the workpiece. External load is applied to the pulling metal, and contact stresses appear on the
contact surface of the metal-tool. Unlike other methods of processing materials under pressure, which
implementation cannot be carried out without the presence of frictional contact forces, when drawing on a
metal-tool section directed against the movement of metal, are negative phenomena of the process, which
undoubtedly means the use of technological lubricants that reduce friction.

The aim of this work is to investigate the influence of the combined "pressing-drawing" process on
the mechanical properties of steel wire.

In order to determine the influence of a new continuous method of "pressing-drawing" deformation
on the change in the mechanical properties of steel 3, a laboratory experiment on an industrial drawing
mill B-I/550 M was conducted. For this, an equal-channel stepped matrix with a channel diameter of 7
mm and the interface angle of the matrix channels equal to 135° (Figure 2) was fixed in front of the die.
The matrix was located in a container for grease.

Drawing of annealed wire from steel of grade 3 was carried out as follows: the coil rod was laid on
the figures from the coil holder; the low end of the workpiece was sharpened with the help of an otter
machine. The sharpened end of the workpiece was pushed through an equal-channel stepped matrix and a
die installed in the coil holder, and its gripping was carried out by refueling pincers, which hook was
inserted into one of the grooves on the drum. After dialing 5-7 turns of wire on the drum, the mill was
stopped. The initial diameter of the wire was 7.0 mm. After the first draft using the "pressing-drawing"
process, the diameter of the wire was 6.5 mm. All drafting was carried out only in the die, after the

—— 4 ——
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Figure 2 — Equal-channel step matrix

workpiece exit from the equal-channel stepped matrix, the diameter of the wire remained unchanged and
was 7.0 mm. Next, a matrix with a channel diameter of 6.5 mm was installed. After the second draft, the
diameter of the steel wire was 6.0 mm. All drafting was also carried out only in the die. Then, a matrix
with a channel diameter of 6.0 mm was installed. The diameter of the wire after the third draft was
5.5 mm. Shavings of soap were used as a lubricant.

For comparison of different methods of wire production, studies on three different technologies were
carried out: 1) a combined "pressing-drawing" process, 2) pressing through an equal-channel matrix;
3) conventional drawing.

In this case, the process of pulling the workpiece through an equal-channel stepped matrix and
calibrating die is implemented by applying the pulling force to the end of the workpiece. External load is
applied to the pulling metal, and contact stresses appear on the contact surface of the metal-tool. After
each draft, the diameter of the wire was measured and samples were taken to study the mechanical
properties of each of the samples.

The pressing process consisted of pulling the wire through the ECA matrix. For this, a matrix with
different channel diameters of 7.0, 6.5 and 6.0 mm was required.

The deformation was carried out in three drafts, after each draft a wire diameter was measured and
samples were taken to study the mechanical properties of each of the samples.

The process of classical drawing, consisting of pulling the wire through a hole in the wire. The initial
diameter of the wire was 7.0 mm. After the first draft, the diameter of the steel wire was 6.5 mm, after the
second — 6.0 mm and after the third it was 5.5 mm. After each draft, three samples were taken for the
study.

For the study of mechanical properties, four batches of samples with different processing techno-
logies were selected; three samples in each batch. In the first batch, the samples were a wire in the initial
annealed state. In the second batch, the samples were processed only in an equal-channel step matrix.
Samples of the third batch are deformed using classical drawing technology. And the samples of the fourth
batch were deformed using proposed technology of "pressing-drawing".

Results of the study. The results of mechanical studies are presented in Table.

From the analysis of the mechanical tests of the samples on various technologies, it can be concluded
that the best mechanical characteristics are possessed by a wire subjected to processing using the com-
bined technology of "pressing-drawing". There is an increase in the yield strength and tensile strength, as
well as the firmness index, while maintaining plasticity.

Conclusion. On the basis of the research, it can be concluded that the proposed combined "pressing-
drawing" deformation method has a significant advantage over previously known methods for producing
high-strength wire, since this deformation method by combining two methods: intense plastic deformation




Becmuux Hayuonanvrot akademuu nayk Pecnybnuku Kazaxcman

Results of mechanical testing of wire samples

Ultimate Yield Relative Relative Firmness,
Name of processing technology resistance o, stress o, elongation reduction HB
MPa MPa 85, % Vs, %
Burn-in 380 220 28,0 57,0 126
Processing in ECA matrix 480 450 16,5 37,0 176
Classical drawing 560 450 16,0 50,0 190
Combined "pressing-drawing" process 740 700 22,0 49,0 260

in an equal-channel step matrix and the process of drawing through dies allows us to obtain steel wire of
the required dimensions and cross-sectional shape, having increased mechanical properties with a small
number of cycles, and also removes restrictions on the length of the initial workpiece, and therefore allows
obtaining the finished products up to several tens of meters in length.

I'.T. Kypanos', A. B. Bostokurun', H. E. Bosoxntuna’, E. I1. OpJoBa’

'Kasaxckuii HALMOHATBHBIN HCCIIE0BATENBCKHIT TeXHIUecKknii yauBepenter uM. K. U, Catnaesa,
Anmartel, Kazaxcran,
ZKapaFaH,Z[I/IHCKI/Iﬁ roCyIapCTBEHHBII HHAYCTPHAIBHBIN YHUBEpCUTET, Temupray, Kazaxcran

NCCIEAOBAHUE HOBOI'O CIIOCOBA JE®OPMHUPOBAHUA
«ITIPECCOBAHME-BOJIOYEHUE» HA MEXAHUYECKHE CBOMCTBA
CTAJIbHOM ITPOBOJIOKHA

Annoranus. [Tpobrnema pecypcocOeperarommx crocoOOB MONTYYCHUS MATepPHAJIOB CO CBOHCTBAMH, COUYCTAIO-
IIMMHA OJTHOBPEMEHHO BBICOKYIO IPOYHOCTH U INIACTHYHOCTD, B YCIOBHSIX HCIIONB30BAaHISI OTHOCUTEIHHO IPOCTHIX U
HEIOPOTHUX YCTPOHCTB, MO3BOJIAIOMINX PEaTH30BEIBATh BO BCEM 00BhEME METajsla HHTEHCHBHYIO IUIACTHIECKYIO Je-
(hopMaruro 1 Ipu 3TOM 3aTPavyMBaTh MUHAMAIHHO BO3MOXKHOE KOJIMIECTBO SHEPTO- U TPYI03aTPart, SIBIACTCS BECEM-
a akTyanpHOW. PemmTh maHHy0 mpoOieMy MpH HMPOHW3BOIACTBE MPOBOJOKHA MOXKHO ITyTEM HCIIOJB30BAHUS IS €€
MOJy4YeHHsI COBMEIIEHHOTO cItocoba 1eopMIpPOBAHUS «IIPECCOBAHNE-BOJIOUEHHE», KOTOPBIH 00JIagaeT CyIeCTBeH-
HBIM TPEUMYIIECTBOM IO CPaBHEHHUIO C JEHCTBYIOIIEH TEXHOJIOTHEHW MPOHM3BOACTBA MPOBOJOKU. [laHHBIA CIIOCOO
Je(OPMHUPOBAHUS TO3BOJISICT MOJIyYaTh MPOBOJIOKY C YJIbTPAMEIKO3EPHUCTON CTPYKTYPOH U BBICOKUM YPOBHEM
MEXaHUYECKUX CBOMCTB, TPeOYEeMbIX pa3MepoB U (OPMbI IIONEPEYHOTO CEUCHHUS NPH HE3HAYUTEIILHOM KOJIMUECTBE
UKJIOB 1e(hOpPMUPOBAHHS.

Henpro maHHON Pa0OTHI SBISETCS HCCIICAOBAHUE BIUSHES HOBOTO COBMEIIEHHOTO MPOIECCa IUIACTHYCCKON
JeopMaInu «IPecCOBaHUE-BOJIOYCHUEY Ha MEXaHUYECKHAE CBOMCTBA. MaTepruaioM UCCICIOBAHUS SBISCTCS CTANb-
Hasl TIPOBOJIOKA.

Taroke X04eTcsi OTMETHTD, YTO JTAHHBIN MeToX Ae(opMaIi, Py peaTu3alii ero B IPOU3BOJICTBE, HE TPeOyeT
3HAYUTENBHBIX YKOHOMUYECKUX MHBECTHIIMH M MOXKET OBITh PEeaM30BaH B CYIIECTBYIOUINX IIPOMBINUICHHBIX yCTa-
HOBKAax JJIsl IPOM3BO/ICTBA IIPOBOJIOKH, HE TPeOysI MOJIEPHU3AINH BOJIOYMIIBHBIX MaliH. Tak Kak Ui peann3aiun
3TOro KOMOMHHPOBAHHOTO TIpoIiecca Heo0X0ANMa TOJIBKO paBHOKAHAIBHAS CTyIICHYaTasi MaTPHIIA.

KiroueBble cjioBa: mpeccoBaHME-BOJIOYCHUE, PaBHOKAHAIBHAS CTyNEHYaTash MAaTPHIA, MPOBOJIOKA, MEXaHU-
YEeCKHE CBOMCTBA, CTANb.

BBenenne. CoBpeMEHHBIH ypOBEHb Pa3BUTHS DJICKTPOHHON TEXHUKH MPHUBEN K MOSBICHUIO yCTPO-
CTB, YaCTO MMEIOIIUX MOJBUXHBIC YaCTH W/WIIM PabOTAIONIUX B CIOXKHBIX yciaoBusix. [loaTomy 3a pyOe-
JKOM B TIOCIIEZIHEE BpeMsl BBIPOC MHTEpeC K mpobiemaM (GopMUpoBaHUs (GU3UKO-MEXaHUYSCKUX CBOWCTB
(YHKIIMOHAIBHBIX TPOBOJHUKOBBIX MAaTEpHalIOB B CBS3H C HEOOXOIUMOCTHIO CTaOWJIM3AIlMH CBOWCTB
MIPOBOJHUKOB TOKAa W TIOBBIMICHUS WX HAAEKHOCTH, B TOM HYHCJIE B TSDKEIIO HAarpy)KEHHBIX KaOEIbHBIX
CUCTEeMax, OOMOTKAax JBUTATEJIel U TeHepaTOpPOB U C1aboTOUHBIX ceTssx DBM [1-3]. [loBbIlICHHBIH HHTE-
pec mcciemoBaTeneil K TaKUM MaTepualiaM B TOCIEeIHUE ECATHIICTHS CHIIBHO BO3POC B CBS3H C IMPHMeE-
HEHWEM METOJOB HMHTCHCHBHOW ImiacTuueckoir medopmarmu (MIIJ]) ¢ 1menpio momydeHHsS OOBEMHBIX
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MaTepHajIoB C MEJKHUM 3CPHOM, XapaKTePU3YIOLIMXCS BBICOKUMH (QHU3MYECKMMHU U MEXaHHYECKUMH
cBoricTBamu [4-6].

OcoOpIif MHTEpEC B HACTOSIEE BPEMS BBI3BIBAIOT MEXaHWYECKHE CBOWCTBA OOBEMHBIX HAaHOCTPYK-
TypUpOBaHHBIX MaTepuanoB. M3BecTHO, UTO /U1 HUX XapaKTEepPHBI POCT Mpeaeia TeKyuecTH B 2—5 pa3 no
CpPaBHEHUIO C COOTBETCTBYIOIIMMHU 3HaueHUssMU A0 UITJ] nmpu KpynmHOKpUCTANIMYECKOM COCTOSIHUU [7, §].
[Tapamoxc U/, 3akmtodaroniuiicss B OJJTHOBPEMEHHOM POCTE MIPOUYHOCTH U TIIACTUYHOCTH 10 MEPE YBEIH-
yeHusa crenenu WIIJl, Hu3koTeMmepaTrypHas U BBICOKOCKOPOCTHAsl CBEPXIUIACTUYHOCTh, OTKIOHEHHUS OT
3akoHa XoJjuta — [letda B cTOpoHy OoJiee BRICOKHX 3HAYEHUH Mpeaena Tekydecta [9-11].

Meton UITJ] numieH HEIOCTATKOB, MPUCYIIUX JAPYTUM METOJaM MOJYyYEeHHUS TaKUX MAaTepHalioB,
HanpuMep, METOJ] KOMIIAaKTHPOBaHUS TIOPOIIKOB, TTOJy4aeMbIX MPEABAPUTEIBHO PA3THYHBIMH CIIocoOaMu
[12-14], m mMeTon ocaxIeHUs aTOMOB ra3a Ha IMOJIOKKE WM 3JIEKTPOOCAKIACHHS aTOMOB M3 pacTBOpa
anextponuta [15]. [Ipy KOMIAKTHPOBAaHMM MM OCAKACHUM MAaTEPUAJIOB B I'PAHMIBI MX 3€PEH CTEKAIOT
MpPUMECH U TIOPHI, BIMSAS Ha CBOMCTBA MOJIydaeMBIX TakUM o0OpazoMm matepuanoB. Cpeau metomos UII
ocoboro BHUManus 3aciayxkuaeT meron PKYII [16, 17].

[Mommkpucrammuyeckuii odpaszer; Makpockomnudeckoro odwema, moaseprHyThiii PKVYIL, coxpansier
CBOIO (hOopMy I0CIIe MHOTOKPATHOT'O IIPOJaBINBaHUA depe3 U30THYThIM KaHal. Kak npaBuiio, Ioxy4eHHbIE
Ha BBIXOJIC YIBTPAMEIKO3EPHUCTHIE WIIM HAHOKPHCTAUTHYECKHE MaTepHallbl 00JIaIal0T HEPaBHOBECHBIMH
TpaHUIIAMH 3€PEH W 3HAYUTENBHOH IIOTHOCTHIO PElIeTOYHbBIX AedexToB [18]. DT 0COOEHHOCTH MUKPO-
CTPYKTYpHEI, chopmupoBannbie B nporecce MIIJI, mexaT B 0OCHOBE MEXaHHMYECKHX CBOWCTB MaTEpHasIOB.
Opnnako y PKVII ecTh HENOCTaTOK — HEBO3MOKHOCTH 00pa0OTKU M3JENUil OTHOCUTEIBHO OOJNBIION U~
HBI M3-32 NTOTEPH YCTOMYMBOCTH AABSIIUM ITyaHCOHOM. Ha OCHOBE KOMIUIEKCHOTO aHaiIn3a CYLIECTBYIO-
IIMX CXEM IUIACTUYECKOr0 CTPYKTYpOOOpa30BaHUs, a TAKKE C YUETOM IEPCHEKTUBHBIX HANPABICHUH HX
pasButus [19, 20], O mpeaTokeH HOBBII COBMEIIEHHBIN MPOIECC «IIPECCOBAHNE-BOIOUYEHHUE) C HCIIONb-
30BaHMEM PAaBHOKAHAJIBHOW CTYNEHYAaTON MaTpHilbl (pUCYHOK 1), TO3BOJISAIOIIMK MOJy4YaTh MPOBOJIOKY C
YIIBTPAaMENKO3epPHUCTOH CTPYKTYPOH W MOBBILICHHBIM YPOBHEM MEXaHHYECKHX CBOWCTB, TpPeOyeMBIX
pa3MepoB U (POPMBI IONIEPEUHOTO CEUCHHS IIPU HE3HAYNTEIFHOM KOJIMYECTBE IUKIIOB Ae(hOPMUPOBAHUSL.

1

Pucynok 1 — CxeMa COBMELIEHHOT0 MpoLiecca PeccoBaHUE-BOJIOUEHUE:
1 — npoBoJIOKa; 2 — paBHOKaHaJbHAs CTyNeHYaTas MaTPHLA; 3 — BOJIOKA B BOJIOKOJepikarelie; 4 — OapabaH HaMaThIBArOLINI

Mertoas! uccienopanusi. CyTh npeangaraeMoro crnoco6a aeopMHUpOBaHUs 3aKI0YAETCS B CIEIYIO-
meM. IIpenBapuTensHO 3a0CTPEHHBIM KOHEI MPOBOJOKHM 33JaeTCS B PAaBHOKAHAIBHYIO CTYIEHYATYIO
MaTpHIly, a 3aTeM IOCJIEAOBaTeIbHO B KAIMOPYIOUIYIO BOJNOKY. [lo cBoel cyTu mporecc 3aiaun MeTaia
HE OTJINYAeTCs OT 3a/1a4M [IPOBOJIOKM B BOJIOKY IIPH CTaHIApTHOM mpouecce BonoueHus. Ilocie Toro, kak
KOHEIl 3arOTOBKH BBIHJIET M3 BOJIOKH OH 3aKPEIUIAETCS C IOMOIIBIO 3aXBaThIBAIOIIUX KJICHIEH U HaMaTbl-
BaeTcs Ha OapabaH BOJOYMJIBHOTO CTaHa. B naHHOM ciydae Tpolecc MPOTITUBaHHS 3arOTOBKU Yepes3
PaBHOKaHAJIBHYIO CTYNEHYATYIO0 MAaTPULy U KaJHOPYIOIIYIO BOJIOKY PEaIM3yeTcs 3a CUeT MPHUIIOKEHHUS K
KOHIly 3arOTOBKM BBITSATMBAIOIIEH CHJIBL. BHEIIHIOW Harpy3ky NPHUKJIAABIBAIOT K IPOTATMBAEMOMY
METaJlTy, U Ha MOBEPXHOCTH KOHTAKTa METAJIJI — MHCTPYMEHT BO3HHKAIOT KOHTAaKTHbIE HampshkeHusd. B
OTIMYKE OT APYTHX CHOCO00B 00pabOTKU MaTepHaoB JaBJICHHEM, pealn3alusi KOTOPHIX HE MOXKET OBITH
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OCyILECTBIICHa 0e3 MPHUCYTCTBUSI KOHTAKTHBIX CHJI TPEHHMS, IPH BOJIOYEHHH Ha pasiesie MeTaJul-MHCTpPY-
MEHT, HalpaBJICHHbIE IPOTUB IBIDKEHHUS METalla, SBISIOTCS HETaTUBHBIMH SIBICHUSIMH IIpoliecca, 4To,
HECOMHEHHO, TI0JJpa3yMeBaeT UCIOIb30BaHNE TEXHOIOTMYECKUX CMA30K, YMEHBIIAIONNX TPEHHUE.

Henbto Hacrosimed paboThl sBISIETCS MCCIeJOBaHUE BIHMSHUS COBMEIIEHHOTO IMpolecca «IIpecco-
BaHHE-BOJIOYCHHE)» Ha MEXaHUYECKHE CBOMCTBA CTaJIbHOM MPOBOJIOKH.

C uenplo onpeneneHus BIMSHUS HOBOTO HENPEPHIBHOIO crocola nedopMHUPOBAHUS «IIPECCOBaHUE-
BOJIOYCHHUE» HA M3MECHEHHE MEXaHUUECKUX CBOMCTB cTanu 3 ObUT MpoBeIeH 1a00paTOPHBIN IKCTIEPUMEHT
Ha MPOMBIIIUIEHHOM BOJIOUMIIBHOM cTaHe B — [/550 M. Jlnst sToro mepea BooKoi Oblia 3aKperieHa paB-
HOKaHaJIbHAsl CTyIeHYaTasi MaTpUla ¢ TUaMeTPOM KaHAJIOB PAaBHOM 7 MM U YIJIOM CThIKA KaHaJIOB MaTpU-
1bt paBHOM 135° (pucyHok 2). MaTpuia Gbiia pacionoxeHa B KOHTEHHEpE 1S CMa3KH.
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Pucynok 2 — PaBHOKaHaNbHAs CTyIeHYaTast MaTpHLA

BonoyeHne 0TOXKEHHON MPOBOJOKH W3 CTAM MapKHU 3 MPOU3BOAMIIOCH CIEIYIOIIUM 00pa3oM: ¢
OyHTONEepKaTenss OyHT KaTaHKW ObUT yJIOXEeH Ha (PUTYypOK, HW)KHHUH KOHEIl 3aTOTOBKH C ITOMOIIBIO OC-
TPHJIBHOTO CTaHKa OBLI 3a0CTPEH. 3a0CTPEHHBIA KOHEI[ 3aTOTOBKH MPOTAIKABAIHN Yepe3 paBHOKAHAIBHYIO
CTYTIEHYaTyI0 MaTPHUIly ¥ BOJIOKY, YCTAHOBJIEHHYIO B BOJIOKOJIEpIKaTeNIe U OCYIIECTBUIIM €€ 3aXBat 3ampa-
BOYHBIMH KJICIIIAMH, KPIOK KOTOPBIX BBEJICH B OJIMH U3 Ma30B Ha Oapabane. [locie Habopa Ha OapabaHe
5-7 BUTKOB TPOBOJIOKH, CTaH OBUI OCTaHOBJEH. HadanpHBIA AWaMeTp MPOBOJIOKH COCTaBISLT 7,0 MM.
Ilocne mepBoro mpoxoja ¢ IMPUMEHEHHEM IpOIecca «IIPECCOBAHHE-BOJIOYCHHE» IUAMETP IPOBOJIOKH
cocraBui 6,5 MM. Bece o0xarue ObIIO OCYIIECTBICHO TOJNBKO B BOJIOKE, TIOCJIE BBIXO/IAa 3aTOTOBKU U3 PaB-
HOKaHAJLHOW CTYNEHYATON MaTpHIle TUaMeTp MPOBOJIOKH OCTaBalCs 0e3 M3MEHEHHS U COCTaBIsuT 7,0 MM.
Jlanee ObpuTa ycTaHOBJICHA MaTpWIla C IHAMETPOM KaHajioB paBHBIM 6,5 mMm. Ilocme BTOpOrO mMpoxoda
JIUaMeTp CTalbHOM MpoBOJIOKH cocTaBui 6,0 MM. Bce oOxkatne Tak ke ObUIO OCYIIECTBICHO TOJBKO B
BOJIOKE. 3aTeM YCTaHOBHJIM MATPHILy C AHAMETPOM KaHaioB 6,0 MM. /lnamMeTp MpOBOJIOKH MOCIIE TPETHETO
MpoxoJia cocTaBui 5,5 MM. B kadecTBe cMa3Kku MCIOJIb30BAN CTPYKKY MblIa.

HHSI CpaBHCHUA pa3JINYHbIX Ccroco0oB MOJIy4Y€HUSA ITPOBOJIOKU IMPOBOAUIIMCE UCCIIEAOBAHUSA 110 TPEM
pa3IMYHBIM TEXHOJOTHSIM: 1) COBMEIIEHHBIN MPOLIECC «IPECCOBAHUE-BOJIOUYCHHUEY, 2) MMPECCOBAHUE Yepe3
paBHOKaHANBHYO MaTpPHILy; 3) OOBIYHOE BOJOYCHHE.

B nmanHOM citydyae mpoIiecc IpoTATHBAHUS 3arOTOBKH Yepe3 PABHOKAHATHHYIO CTYIIEHYATYIO MATPHUILY
Y KaauOPYIOIIYI0 BOJIOKY pPealu3yeTcs 3a CUeT MPUIOKCHUS K KOHITY 3arOTOBKH BBITSTHBAIOIICH CHIIBI.
BHemmHOI0 Harpy3Ky NpUKIaABIBAIOT K MPOTATHBAEMOMY METaJLTy, M Ha IIOBEPXHOCTH KOHTAKTa METAILT -
WHCTPYMEHT BO3HWKAIOT KOHTaKTHBIE HampspkeHHs. [Ipum 3ToM mocie KakIoro Mpoxojaa MPOW3BOIMIIH
M3MEpeHHne AMaMeTpa MPOBOJIOKH M MPOU3BOAMIICS OTOOp 00pas3IoB Ui MCCIEAOBAHUS MEXaHHMYECKHUX
CBOMCTB KaXKI0T0 U3 00pa3IioB.

IIponiecc mpeccoBaHusi 3aKitoyalicd B MPOTSArUBaHUU MpoBosioku depe3d PKY-marpuny. Jlis atoro
moTpeOoBaIaCh MATPHUILA C PA3TMIHBIM TUAMETPOM KaHAJIOB paBHBIM 7,0, 6,5 1 6,0 MM.
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JedopmupoBaHre OCYIIECTBISUIOCh B TPU MPOXOJa, IMOCIE KKIAOTO MPOXOAa U3MEPSUId AHaMeTp
MPOBOJIOKM M TPOM3BOIMICA OTOOp 00pas3oB ISl MCCIENOBAHMS MEXaHHYECKHX CBOWCTB Ka)XIOTO H3
00pasIos.

[Ipomecc kIacCMUECKOTO BOJIOYEHUS, 3AKITIOUYAIONICTOCS B MPOTATUBAHUY MPOBOJIOKU 4Yepe3 OTBEp-
ctue B Bosioke. HauanpHbI muamerp npoBonoku 011 7,0 MMm. [lociie mepBoro mpoxona AuaMeTp CTallb-
HOM TIPOBOJIOKM cOCTaBuil 6,5 MM, mocie BToporo 6,0 MM u mocie tperbero 5,5 mm. Ilocne kaxmoro
MPOXoja OTOMPAJIOCH IO TPpH 00pas3ia sl MPOBEICHUS UCCIICIOBAHMS.

s mpoBeieHrsT CcCIeTOBaHN MEXaHWYECKIX CBOWCTB OB OTOOPAHbI YeThIpe MapTHH 00pa3IoB
C Pa3TUIHBIMA TEXHOJIOTHSIMH 00pa0OTKY IO TpH 00pa3Ia B KaXA0W MapTUu. B mepBoi mapTuu o0pasisl
MPEJICTABIISIIA COO0H MTPOBOJIOKY B HCXOJHOM OTOMOKEHHOM COCTOSIHUHM. Bo BTOpOit mapTum oOpasiisl ObLI
MOJIBEPTHYT 00pa0OTKe TOJILKO B PaBHOKAHAJBHOW CTyneHuaTod marpuie. OOpasibl TpeThedl mapTUu
MpoAe(POPMHUPOBAHBI IO KJIACCHYECKOH TEXHOJIOTHH BoyiodueHus. M oOpasisl deTBepTol mapTuh OBLTH
PoAC(GOPMHUPOBAHBI 110 TPEAJIOKEHHON TEXHOJOTUH «IIPECCOBAHUE-BOJIOUCHUECY.

Pe3yabTaThl HccJienoBaHus. Pe3ynbTaThl MEXaHUYECKHUX MCCICIOBAHUM MTPEICTABICHBI B TA0IUIIE.

Pe3ynbTaThl MEXaHHYECKHUX UCIIBITAHUN 00pa3I0B IPOBOJIOKU

[Ipenen IIpenen OrtHocutenbHoe | OTHOCUTENBHOE
Hanverosarne HNPOYHOCTH G TEKY4eCTH Ot yIUTHHEHHE Os CyXKEHHE s Teepaocts,
B> b b 9

TEXHOJIOTHU 00paboTKI MIla MIla o o, HB
OTxur 380 220 28,0 57,0 126
O6pabotka B PKY-marpurie 480 450 16,5 37,0 176
Knaccrnueckoe BomoueHne 560 450 16,0 50,0 190
CoBMeUICHHBIH Mporiece 740 700 22,0 49,0 260
«IIpeccOoBaHHE-BOJIOYCHHE)

W3 ananm3a npoBeEHHBIX MEXaHHYECKUX MUCTIBITAHUA 00Pa3IOB MO Pa3IMYHBIM TEXHOJIOTHUSIM MOXK-
HO CJIIeNaTh BBIBOJ, YTO HauOoJiee JYUIIUMU MEXaHUYCCKHMMH XapaKTePUCTUKaMH 00JiaaeT MPOBOJIOKA,
MOJIBEPTrHYTass 00pa0OTKe IO COBMEINEHHOW TEXHOJOTHH «IPEeCCOBaHME-BOJIOUYeHUEY. HaOmronaercs
YBEJIMUCHUE 3HAYCHUI Mpenesia TEKy4deCcTH U Ipenaesia MPOYHOCTH, a TaKKe IOKa3aTels TBEPIOCTH, C
COXpaHEHUEM IJIACTUYHOCTH.

BriBoabl. Ha ocHOBE NpOBEAEHHBIX HMCCIEAOBAaHUNW MOXKHO CJ€1aTh BBIBOJ, YTO IIpeajiaraeMblii
COBMEIIEHHBIN CIOCO0 ehOpMUPOBaHUS «ITPECCOBAHUE-BOJIOUYCHUE» 00IaIacT CyIIECTBEHHBIM MPEUMY-
MIECTBOM TI0 CPAaBHEHHUIO C paHee M3BECTHBIMH CIIOCOOAMHM TIOTYUYEHHUS BBHICOKOTPOYHON MPOBOJIOKH, TaK
KaK JTJaHHBIN CrI0c00 JeOPMHUPOBAHMS 32 CUST COBMEIIICHUS ABYX CIIOCOOOB: MHTEHCHBHOM TUIACTHUECKOMN
nedopMaliy B paBHOKAHAIEHOM CTYIICHYATONH MaTPUIIE M MPOIIECCa BOJIOUEHUS Yepe3 BOJIOKY, MTO3BOJISCT
MOJTy4aTh CTaJbHYIO MPOBOJIOKY TpeOyeMBIX pa3MepoB M (POPMBI IMOMEPEYHOTO CeUeHUs, 00JamaromIne
MOBBIIIIEHHBIMA MEXaHWYECKMMHU CBOMCTBAMHU MPU HE3HAUUTEIIBHOM KOJIWMYECTBE IMKJIOB, & TaK € CHHU-
MAa€eT OTPaHUYEHHUS 10 JJIMHE UCXOIHON 3arOTOBKH, a CJIEIOBATENIbHO MO3BOJISET MOIY4YaTh TOTOBBIE U3/1E-
JUsl AJIMHOM 10 HECKOJBKUX IECATKOB METPOB.
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I.T. Kypanosl, A. B. BOJ‘[OKHTI/IHI, Hn. E. BOJ‘[OKl/lTﬂﬂaz, E. II. OmeBa1

'K. U. Cor6aeB aThIHIAFbI KA3aK YITTHIK TEXHHKAIBIK 3epTTeY YHUBEpCHTeTI, Avarsl, KasakcTaH,
*KaparaH1pl MeMJICKETIK HHIyCTPHIBIK yHHBepenTeti, Temipray, Kazakcran

BOJIAT CBIMHBIH «BACITAJIAY-CO3Y» JE®@OPMALUAJIAYBI KE3IH/IE
MEXAHUKAJIBIK KACUETTEPIH )KAHA 9ICIMEH 3EPTTEY

Annoranus. Ka3ipri ke3ze 3Hepro- koHe eHOCKIIBIFBIHBIH MOJIICPI MHHUMAIIBI JKOHE OYKLIT METayll KeJieMi
OolibIHIIa KApKBIH/IBI HIEMAUTIK Ae()OPMAIMCHIH XKY3ere acblpyFa MYMKIHIIK OepeTiH, CalbICThIpMalibl KapanaibiM
JKOHE KbIMOAT eMec KypajJiapblH KOJIIaHy >KaFaaibIHa, O1pyaKbITTa XKOFapbl OEpIKTIKTI KoHEe WIEMIUIIK KacueTTe-
piMeH MaTepHangapIsl aTyAblH KOPYHEMAEY Maceseci akTyanasl 6ombin keneni. CeIM oHIipy Ke3iHae OyT MoceleHi
«bacmanay-co3y» aedopManusuiay oficiH YHIECTipy JKOJIBIMEH airyFa OOIabl, OJ1 CBIM OHAIPICIMEH CaNbICTHIpFaHa
Oipkarap epekuienikrepine ue 6onaapl. bepinren nedopmaiusiiay oici yibTpayCakTYHipIIIKTI KYPbUIBIMBIH JKOHE
JKOFapbl JIEHTeWIi MeXaHHKalbIK KacHeTTepiMeH ChIMIbI, IedopMalnusuiayAblH a3 LUKIAEPIHIAE KOJIJCHEH KuMa
ayJIaHbIHBIH KePEKTI KUMACBIH YKOHE MIIIIHIH alyFa MYMKIH/IK Oepei.

CoHbIMEH KaTap MBIHaHbl €CKEpreHiMi3 jkeH, OyJ1 nedopManusiiay d/1iCiH OHJIIPICKe eHTIi3y Ke3iHJe KOMAaKThI
SKOHOMHUKAJIBIK Kapa)kaTThl Tajall eTIeHIl OHE ChIM OHJIIPICI YIINH 0ap 6HEPKICINTIK KOHIBIPFhUIAPAA ChIMIAY
MallIHAIAP/IbIH )KaHFBIPTYBIH KaXKeT eTIel-aK jKy3ere achIpbulybl MYMKIH. OHTKeHI OyJ1 Keromnepauusuibl IpoLecTi
JKY3€re achlpysl YIIiH TeK KaHa OipJiefiapHalibl CaThlIbl MATPHULIAHBI FaHA TaJIall €Te/l.

Tyiiin ce3nep: Oacnanay-cosy, OipeiiapHabl caThlIbl MATPHILIA, ChIM, MEXaHUKAIIBIK KacHeTTep, Ooar.
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