ISSN 1991-3494 No 2.2017

BULLETIN OF NATIONAL ACADEMY OF SCIENCES
OF THE REPUBLIC OF KAZAKHSTAN

ISSN 1991-3494
Volume 2, Number 366 (2017), 23 - 30

UDC 621.771
G. G. Kurapov', A. V. Volokitin', I. E. Volokitina®, E. P. Orlova'

K. 1. Satpayev kazakh national research technical university, Almaty, Kazakhstan,
*Karaganda state industrial university, Temirtau, Kazakhstan.
E-mail: kurapov1940@mail.ru, dyusha.vavi@mail.ru, irinka.vav@mail.ru. lenochka_60@mail.ru

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
simultancous 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.

I 2 3 4

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 tumms 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
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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
cach 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
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Results of mechanical testing of wire samples

Ultimate Yield Relative Relative Firmness,
Name of processing technology resistance o, stress ot , elongation reduction HB
MPa MPa 35, %o s, %
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.
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NCCJIEJOBAHHUE HOBOI'O CIIOCOBA JE®OPMUPOBAHUSI
(TIPECCOBAHME-BOJIOYEHUE» HA MEXAHUYECKUE CBOMCTBA
CTAJIBHOU MMPOBOJIOKH

Amnnoramus. [Tpodiema pecypcocOeperarmux Cnoco00B MOIyUCHHS MATCPHAIOB CO CBOHCTBAMH, COYCTArO-
[IHEMH OJHOBPEMCHHO BBICOKYIO MPOYHOCTD U IIACTHYHOCTD, B YCIOBHAX HCIOJIb30BAHUSI OTHOCHTEIBHO MPOCTHIX U
HEJOPOTHX YCTPOHCTB, MO3BOJLIFOIINX PEATH30BbIBATh BO BCEM 00BEME METAIA HHTCHCHBHYHO TUIACTHYCCKYIO Je-
(p)OpPMAITHIO U TTPH 3TOM 3aTPAYHBATH MHHHMAJIEHO BO3MOKHOE KOJIHYECTBO SHEPTO- H TPYA03ATPAT, SBIICTCS BEChM-
a akTyanbHOH. Pemmrs JaHHYIO MpoOIeMy IpH IPOHM3BOJACTBE IMPOBOJOKH MOXKHO IYTEM HCIOJb30BAHHSA UL €€
HOJIyYECHHS COBMELICHHOTO Croco0a e(opMHUPOBAHUS IIPECCOBAHUE-BOJIOUCHHUEY, KOTOPBIH 001a1aET CYILECTBCH-
HBIM MPEHMYIICCTBOM IO CPABHCHHIO C ACHCTBYIOIICH TEXHOJOTHECH MPOM3BOACTBA MPOBOJIOKH. JaHHBINH CHOCOO
JAe(hOPMHUPOBAHUS TO3BOJIIET IOJYYATh NPOBOJIOKY C YJIBTPAMEIIKO3ECPHHCTOH CTPYKTYPOH H BBICOKUM YPOBHEM
MEXAHHYECKUX CBOMCTB, TPEOYEMBIX Pa3MepOB U (DOPMBI MONEPEUHOTO CCUCHUS PH HE3HAUHTCILHOM KOJIHYCCTBE
LHUKIIOB AC()OPMHPOBAHHS.

Ienpto maHHOHW PabOTHI ABIACTCA UCCICIOBAHUC BIMAHUSA HOBOTO COBMEILCHHOTO MPOLECCA IIACTHICCKOM
Jae(hopManuy «IpeccOBaHHE-BOJIOUYCHHE» Ha MEXaHHICCKUE CBOMCTBA. MaTtepuaaoM HCCICIOBAHMSA SBIHICTCS CTATb-
Has MPOBOJIOKA.

Taxoke X0UeTCcs OTMETHTD, YTO AAHHBIH METO Ae(opMalyy, IPH PeaTu3aliy €T0 B MPOU3BOJICTBE, HE TPeOyeT
3HAYUTEIBHBIX 3KOHOMHUYCCKUX MHBECTUIMI W MOXET ObITh PEATH30BAH B CYMICCTBYIOIMX IIPOMBIIIICHHBIX yCTa-
HOBKAX U1 MPOU3BOACTBA IPOBOJIOKH, HE TPeOYs MOJCPHU3AMUH BOJIOUYMIbHBIX MAaIIMH. Tak Kak A peaau3auun
3TOr0 KOMOHMHHPOBAHHOTO IPOLIECCA HEOOXO0IMMA TOIBKO PABHOKAHATBHAS CTYICHYATAs MATPHIIA.

KimoueBple €j10Ba: IMPECCOBAHME-BOJOYCHHE, PABHOKAHANBHAI CTYNCHYATAs MATPHIQ, ITPOBOJIOKA, MEXAHHU-
YECKHE CBOHCTBA, CTAJIb.

Beenenne. CoBpeMEHHBIH YPOBEHb PA3BUTHSA DICKTPOHHOW TEXHHUKH MPHBEI K MOSBICHUIO YCTPOH-
CTB, YaCTO UMCIOIIUX ITOABIKHBIC YaCTH W/WIH PabOTAOINX B CIOXKHBIX yCimoswsix. [losTomy 3a pyOe-
3KOM B IMOCICTHES BPEMsI BEIPOC MHTEpEC K mpodiaeMam (GOpMHPOBAHHUS (PHUBHKO-MEXAHHUYCCKUX CBOWCTB
(VHKIIHOHATBHBIX HPOBOJHHKOBEIX MAaTCPHANIOB B CBA3H C HEOOXOIMUMOCTBIO CTaOWINM3ALlUH CBOHCTB
MPOBOAHHUKOB TOKA W MOBBIICHHUA WX HAJEKHOCTH, B TOM YHCJIC B THKEIO HArPY>KEHHBIX KaOETbHBIX
cHUCTEMax, 0OMOTKAX ABHTATE/ICH M IeHEPaTopoB u ¢1aboTounbix cetsx IBM [1-3]. [oseimeHHbIi HHTE-
pec HCCIeI0BaTeNICH K TAKMM MATCPHAIAM B IIOCICIHUC ACCATHICTHS CHIPHO BO3POC B CBSA3U C IPHME-
HCHHEM METOJOB HHTCHCHBHOU miactuueckod aedopmammu (MUIIJI) ¢ uenpo moay4yeHus OOBEMHBIX
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MaTepHANIOB C MEIKHM 3CPHOM, XapaKTCPH3YIOIIUXCS BBICOKUMH (H3HYCCKUMH H MEXAHUYCCKUMH
cBoiictBamu [4-6].

OcoObIii HHTEPEC B HACTOSIIEE BPEMS BBI3BIBAIOT MCXAHHYECKHE CBOMCTBA OOBCMHBIX HAHOCTPYK-
TYPHPOBAHHBIX MaTepuanoB. M3BecTHO, 9TO A HAX XapaKTEPHBI POCT MPEAeia TEKYIeCTH B 2—5 pa3 mo
CPaBHCHHIO ¢ COOTBETCTBYIOIMMU 3HaucHUssMH 10 UTTJ] npu kKpymHOKPHCTATITHISCKOM COCTOSIHUH [7, §].
ITapagoxc UITJI, 3axIrouaromuiicss B OAHOBPEMEHHOM POCTE IMPOYHOCTH U IUTACTUYIHOCTHU IO MEPE YBEIH-
ueHnd creneHu W], Hu3KkoTeMIEpaTypHas U BHICOKOCKOPOCTHAS CBEPXIUIACTHYHOCTB, OTKIOHCHHS OT
3akona Xoiuia — [letua B cTOpoHY 60JIce BRICOKHX 3HAYMCHHMU npeacaa Tekyuectu [9-11].

Metox WIIJ] mumeH HEXOCTATKOB, MPUCYIIHUX APYTHM METOJAM TOMYYICHHS TAKHX MATCPHAIIOB,
HAIPHUMEP, METOX KOMITAKTUPOBAHHS MTOPOIIKOB, MOIYYAEMBIX MPEABAPUTEIBHO PA3IUIHBIME CIIOCOOAMH
[12-14], n merox ocakaeHHs aTOMOB raza Ha MOJJIOXKKE WU SICKTPOOCAKACHUS aTOMOB H3 PacTBOpa
anexrpomuta [15]. Ilpn xOMIAKTUPOBAHUM WIH OCAXKACHUU MATEPHATIOB B TPAHUIBI UX 3€PEH CTCKAIOT
TIPUMECH U TIOPHI, BIFSIA HA CBOMCTBA MONTYyYacMBIX TakuM obpasom marepmanoB. Cpean metomos UIIJ
ocoboro BHuMaHws 3acayxkusact merox PKYIT [16, 17].

IMonukpucranmmdaeckuii obpasen; mMakpockonuueckoro obowvema, noasepruyteiii PKVIL, coxpamser
¢BOIO (hOpPMY MOCIEC MHOTOKPATHOTO MPOJABIMBAHUS YePe3 H30THYTHIH KaHal. Kak mpaBuio, momnyucHHbIE
HA BBIXOJE YIBTPAMEIKO3CPHUCTHIC WM HAHOKPUCTAUTMYCCKIE MATCPHATB 00TaNaI0T HEPABHOBCCHBIMH
IPaHHULIAMH 3CPCH U 3HAYMUTEIBPHOM IUTOTHOCTBIO peIIeTO4YHbIX AedekTos [18]. DT ocobeHHOCTH MHKPO-
cTpykTypsl, copmuposanneie B mporecce MITJI, nexar B OCHOBE MEXaHUYECKHUX CBOWCTB MATCPHAIIOB.
Opnnako y PKVII ecth HEZOCTaTOK — HEBO3MOKHOCTD OOPAOOTKH HU3ACTHIA OTHOCHTEIBHO OONBINOHN AITH-
HBI H3-32 MOTEPU YCTOMYHUBOCTH AABAIIUM ITyaHCOHOM. Ha OCHOBE KOMILICKCHOTO aHAIH3a CYINECTBYIO-
WX CXeM INTACTHYECCKOTO CTPYKTYPOOOpPa30OBaHMS, & TAKXKE ¢ YICTOM MEPCIICKTHBHBIX HANPABICHHUN HX
pazsutas |19, 20], 6611 mpeATI0KEH HOBBIH COBMEINEHHBIH MPOLECC «IMPECCOBAHUE-BOIOUCHUEY C HCIIOMb-
30BAHHCM PABHOKAHAIBHOM CTYHCHYATOM MATpULbl (PUCYHOK 1), MO3BONSIOIIKI MOIyYaTh TPOBOJIOKY C
VIIBTPAMEIKO3CPHUCTON CTPYKTYPOH W TOBBIIICHHBIM YPOBHEM MEXAHHYCCKUX CBOWCTB, TPEOYEMBIX
pa3Mepos U (popMBI MOMIEPSIHOTO CCUCHUS IIPU HE3HAYUTEIBHOM KOTHYCCTBE LIUKIOB Ae(OPMUPOBAHHS.

/ 2 3 4

Pucynok 1 — Cxema cOBMEITIEHHOTO ITPOIecca IPECCOBaHIE-BOIOUCHHE:
1 — mpoBoIOKa; 2 — paBHOKAaHAJIBHAS CTYIIEHYaTast MaTpHIla; 3 — BOJIOKA B BOJIOKOJIeprkaTene; 4 — 6apabaH HaMATBIBAFOIIIIE

Meroasr uccaesoanust. CyTe mpegaracMoro crocota aeopMupoBaHus 3aKII0MACTCS B CICAYIO-
mem. [IpeaBapuTeIbHO 3a0CTPCHHBIM KOHELl MPOBOJOKH 33JaCTCS B PABHOKAHAIBHYIO CTYIICHYATYIO
MarTpHLy, a 3aTeM MOCIESJOBATEIBHO B KATHOPYOIYIO BOJOKY. [lo cBOCH CyTH mpouece 3a1adu MeTana
HE OTJIMYACTCs OT 331341 MPOBOJIOKH B BOJOKY IPU CTAHAAPTHOM mpouecce BoaoueHus. [locne Toro, kak
KOHCI[ 3arOTOBKH BBIMICT M3 BOJIOKH OH 3AKPCIULICTCS ¢ MOMOIIBIO 3aXBATHIBAOLIMX KJICINCH M HAMATHI-
BacTcs Ha OapabaH BONOYMIBPHOIO CTaHAa. B JAaHHOM Ciiydac MPOILIECC MPOTSATHUBAHMS 3arOTOBKH UEpe3
PaBHOKAHAIBHYIO CTYNCHYATYIO MATPHLY U KATHOPYIOIIYIO BOJOKY PEATH3YETCs 33 CUCT MPUIIOKEHUS K
KOHIly 3arOTOBKH BBITSAIMBAIOMIEH CHJIbl. BHEINHIOW HArpy3Kky NPHKIABIBAIOT K TMPOTATHBAEMOMY
METATy, U HA MOBEPXHOCTH KOHTAKTA META/UT — MHCTPYMEHT BO3HHMKAKOT KOHTAKTHBIE HAMpsoKeHus. B
OTJIMYHC OT APYTHX CHOCOOOB 00PA0OTKH MATCPHUAIOB JABJACHUCM, PCATH3ALIS KOTOPBIX HE MOXKCT OBITh
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OCYINECTBICHA 0€3 MPUCYTCTBUS KOHTAKTHBIX CHJI TPSHHS, NPH BOJOUYCHHH HA Pa3Jeiic METaLI-HHCTPY-
MEHT, HANPAaBJICHHBIC MPOTHB JBH)KCHHUS METANIA, SIBISIIOTCS HETATHBHBIMU SIBACHUSMH TPOLIECCA, UTO,
HECOMHEHHO, MOAPA3yMEBACT UCTIOIB30BAHNAEC TCXHOIOTHUSCKUX CMA30K, YMECHBIIAOMNX TPCHUE.

Lenpro Hacrosmueit paboTHI SBISCTCS WCCIACAOBAHWC BIIMSHHS COBMCILICHHOTO MPOLECCA IIPECCO-
BaHHE-BOJIOUCHHE» HA MEXAHUUECKUE CBOMCTBA CTATBHOM IMPOBOJIOKH.

C webio OMPEACICHUS BIMSHHS HOBOT'O HETPEPBIBHOTO Crocoda neOpMUPOBAHHS (IIPSCCOBAHUC-
BOJIOUCHHE)» HA U3MECHCHHE MECXAHWYCCKUX CBOWCTB CTANH 3 OBLT MPOBEACH JTAOOPATOPHBIA SKCIICPUMEHT
HA TNPOMBILUICHHOM BOJOYMIbHOM ctaHe B — I/550 M. [l sToro mepea BOIOKO# ObLIa 3aKPCIUICHA PaB-
HOKAHAJIbHAS CTYICHYATAsA MAaTPHULA C THAMETPOM KAHAJIOB PABHOM 7 MM H YTJIOM CTHIKA KaHAJIOB MaTpH-
et pasaom 135° (prcyrok 2). MaTprna Gbi1a pacionokeHa B KOHTCHHEPE AT CMa3KH.

PucyHok 2 — PaBHOKaHaIbHAS CTyIIEHYATas MaTpUIa

BosoueHie OTONOKEHHON NMPOBOJIOKH M3 CTATH MapKkH 3 MPOM3BOJMIOCE CICAYIOIIUM 00pa3oM: ¢
OyHTOACPKATENST OVHT KaTaHKH ObLT YJIOKCH Ha (PUTYPOK, HHKHUE KOHEL[ 3arOTOBKH C MOMOIIBIO OC-
TPUWIBHOTO CTaHKA OBLI 3a0CTPEH. 3a0CTPSHHBIN KOHELl 3aTOTOBKH IMPOTATIKHBATIH YePEe3 PABHOKAHATBHYIO
CTYICHYATYIO MATPHUILYy U BOJIOKY, YCTAHOBJICHHYIO B BOIOKOACPXKATEIC U OCYIICCTBHIN €€ 3aXBaT 3ampa-
BOYHBIMHU KJICIIAMH, KPIOK KOTOPHIX BBCACH B OAWMH W3 Ma30oB Ha Oapabanc. [locie Habopa Ha Gapabame
5-7 BUTKOB TPOBOJOKH, CTaH Obul ocTaHoBicH. HauameHblil quamerp mpoBosoku coctaBisti 7,0 M.
[locne mepBoro mpoxoaa ¢ HNPHUMEHECHHEM IIPOLIECCA IIPECCOBAHHC-BOJIOUCHHEY JUAMETP IPOBOJIOKH
cocTaBun 6,5 MM. Bee oOrkatne OBLIO OCYINECTBICHO TOMBKO B BOJIOKE, IOCIE BBIXOAA 3arOTOBKH M3 PaB-
HOKAHAJIBHOU CTYNICHYATON MATPHULIC JUAMETP MPOBOIOKH OCTABANCS O¢3 M3MEHEHH U cOCTABIAT 7,0 MM.
Janece Obua YCTAaHOBJICHA MaTpula ¢ AHAMCTPOM KaHaIoB paBHeIM 6,5 mm. [locie BTOporo mpoxoxa
JUAMETP CTabHOM mpoBosioku coctasmi 6,0 mm. Bee obxkarue tak ke OBUIO OCYINECTBICHO TONBKO B
BOJIOKE. 3aTEM YCTAHOBIIN MATPHILY ¢ AHaMETPOM KaHajoB 6,0 mm. JlnaMeTp MPOBOIOKH MOCIIE TPETHETO
nmpoxoja cocTasui 5,5 MM. B kauecTBe CMa3KH HCIIOIb30BATIH CTPYIKKY MbLIA.

Ji1 cpaBHEHHS Pa3UYHBIX CIIOCOO0B MOTYyYCHUS MPOBOIOKH MPOBOAMINACH UCCICAOBAHUS IO TPEM
PA3THIHBIM TEXHOIOTHAM: 1) COBMCIICHHBIH MPOLIECC CIPESCCOBAHMUC-BOJIOUCHUCY, 2) MPSCCOBAHUC UCPE3
PABHOKAHAIBHYIO MATPHILY; 3) OOBITHOE BOJOUCHHUE.

B nanHOM Cciydae mpouece IpOTATHBAHHS 3arOTOBKH YePe3 PABHOKAHAIBHYIO CTYIICHUATYIO MATPHILY
U KaJIHOPYIOMYIO BOJIOKY PEATH3YeTCS 3a CUCT MPIJIOKCHHS K KOHITY 3aTOTOBKH BBITATHBAIOIICH CHITHI.
BremHO0 Harpy3ky MPHKIAIBBAIOT K MPOTATHBACMOMY METAIITY, M HA MOBEPXHOCTH KOHTAKTA METAILT -
HMHCTPYMEHT BO3HHKAIOT KOHTAKTHBIC HampsokeHUA. [Ipw aToM mocnme kaXaoro mpoxoga MPOHU3BOJUIH
H3MEPEHUE AUaMETpa MPOBOIOKH U IMPOH3BOAMICS OTOOP 0OpasLoB Al MCCICAOBAHUS MEXAaHHUECKUX
CBOWCTB Ka)KIOTO U3 00pa3Los.

ITponece mpeccoBaHus 3aKIIOUaNCs B MPOTArHBaHUU IpoBojoku uepe3 PKY-matpury. s storo
noTpeOOBaIaACk MATPHLA C PASTHIHBIM JTHAMETPOM KaHATOB paBHbM 7,0, 6,5 1 6,0 MM.
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HedopMupoBaHre OCYIIECTBIIOCh B TPU MPOXOAA, MOCTE KKIOTO MPOXOJAa M3MEPSIH AUAMETP
MPOBOJIOKH M IMPOU3BOAMICS O0TOOp 0Opa3LoB A HUCCACIOBAHMSA MEXAHHYECKUX CBOMCTB KQKIOTO W3
0o0pasIoB.

IIporece knaccudecKoro BOIOUEHMS, 3aKIIOYAIOMEIOCS B IMPOTATMBAHUU NPOBOJIOKH YEPE3 OTBEP-
ctue B Bojioke. HauampHend auamerp mposoaoku Obit 7,0 mm. Tlocne mepBoro npoxoaa Auamerp CTaib-
HOH NPOBOJIOKM cocTaBwa 6,5 MM, mocie Broporo 6,0 MM u mocie tperbero 5.5 mm. Ilocne kaxmoro
IPOX0Aa OTOHPATIOCH IO TPH 00pasLa A MPOBEACHHUS UCCICAOBAHUS.

s mpoBeAeHHS UCCICIOBAHUN MEXAHIYECKUX CBOMCTB OBIIM OTOOpAHBI YETHIPE MAPTHUH 00pPasIoB
C Pa3TMYHBIMH TEXHOIOTHMIMH 00pabOTKH 1o Tpu o0pasia B Kakaoi maptuu. B mepsoii maptun obpasusr
MPEACTABISIN COOO0MH MPOBOJIOKY B HCXOTHOM OTOMOKEHHOM COCTOSIHHM. Bo BTopoi mapruu oOpasis! Obln
MOABEPrHYT 00paboTKe TONBPKO B PABHOKAHANBHOH cTymeH4aTod Matpuue. OOpasmpl TpeTheH HmapTHH
mpoaeopMHUpOBaHEl MO KIACCHUICCKOM TEXHOIOTHMH BomoueHus. Y oOpasubl 4eTBepTOl maptuu ObLIH
mpoaehopMHUPOBaHEI IO MPEATI0KEHHOH TEXHOIOTHH (IIPECCOBAHUE-BOJIOUCHHUEY.

PesyabTaThl HecsieaoBaHus. Pe3yIbTaThl MEXaHIHIECKUX HCCIICIOBAHMI IPEICTABICHEI B TAOIHIIE.

PeSyJ'IBTaTBI MEXaHUYECKUX UCTIHITAHMA o6pa3u0B IIPOBOJIOKKU

IIpenen IIpenen OtHocutenpHoe | OTHOCHUTEIRHOE

HaHMeHO%amée IIPOYHOCTH Oy, | TEKYYeCTH Oy, | yamuHeHue Js, CY’KEHHE s , TBegﬁgcn,
TEXHOJIOIMH 00paboTKH Mila MITa % %
Omxar 380 220 28,0 57,0 126
O6pabotka B PKY-matpriie 480 450 16,5 370 176
Kracciueckoe Boszovermie 560 450 16,0 50,0 190
C ORI EGIECe 740 700 22,0 49,0 260
«IIpECCOBAHUE-BOIOYCHHUE)

W3 anamu3a mpoBeICHHBIX MEXAHHYESCKHX HUCIBITAHHI 00Opa3LoB MO Pa3THYHBIM TEXHOJIOTHIM MOX-
HO CHEIaTh BBIBOJ, YTO HAHOOJEE ITYyUYIIHUMH MEXAHHUYECKHMH XapaKTEPUCTHKAMH O0JIaacT MPOBOJIOKA,
MOABEPrHYTas OOpPabOTKE MO COBMCHICHHOW TCXHOJIOTHH «IPeccoBaHUe-BojoucHue». Habmomaercs
VBCJIMUCHHE 3HAYCHUH Mpeaena TCKY4YeCTH M MpeJcia MPOYHOCTH, a4 TAKXKC MOKA3aTelisi TBEPAOCTH, C
COXPAaHCHUCM ITNTACTUIHOCTH.

Beisoasl. Ha ocHOBC mpOBCACHHBIX WCCICAOBAHMM MOXKHO CJCHATh BBIBOZ, YTO MPEIaaracMblil
COBMCLICHHBIH crIoco0 AeopMHPOBAHKS (IIPECCOBAHNUC-BOJIOUCHHCY 00IaAaCT CYMICCTBCHHBIM MPEHMY -
IICCTBOM M0 CPABHCHHIO C PAHCEC U3BCCTHBHIMH CIIOCOOAMH TOYYCHHS BHICOKOIPOYHOM MPOBOJIOKH, TaK
KaK JaHHBIH cnocol aedopMUpoOBaHuUs 33 CIET COBMEIICHUS IBYX CIIOCOOOB: HHTCHCUBHOH IUIACTHYECKOMH
neopmanuy B paBHOKAHATBHOW CTYTICHYATOW MATPHUIIC U MPOLIECCA BOJOYCHHS YCPE3 BOJIOKY, MO3BOJIAET
MONTy4YaTh CTAIBHYIO MPOBOJIOKY TPEOYEMBIX Pa3MepoB M (JOPMBI HOMCPEHYHOrO ceucHHs, oOnamaromue
MOBBLIIICHHBIMA MCXaHHMYICCKHMH CBOMCTBAMH IPpHA HC3HAYUTCIIEHOM KOJIMYCCTBC IUKIIOB, a4 TaK K€ CHH-
MacT OrPAHMYCHMS MO JUIMHE UCXOXHOW 3arOTOBKH,  CIICAOBATCIIHHO MO3BOJICT MOIy4aTh TOTOBBIE H3Ie-
JHS UTAHOM 0 HECKOJIBKUX JICCIATKOB MECTPOB.
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I.T. Kypanos', A. B. Bosiokurun', H. E. Bostokntuna’, E. II. Op.aiosa’

'K. Y. Cot6aes aThIHIAFH KA3AK YITTHIK TEXHHKATBIK 36PTTEy YHHBEPCHTETI, Anvatsl, KasakcTan,
*KaparasIsl MEMJIEKETiK HEIy CTPHIIBIK yHEBEpCHTeTi, Temipray, Kasakcran

BOJIAT CBIMHBIH «BACITAJIAY-CO3Y» JEQ@OPMAIIUAJAYDI KE3IHAE
MEXAHHUKAJBIK KACHETTEPIH ) KAHA 9JAICIMEH 3EPTTEY

AnnHoranus. Ka3zipri ke3ae 3Hepro- »xoHe CHOCKIIBIFBIHBIH MOJIIICPI MEHHMAJIABI KOHE OYKLJI METaLT KeIeMi
OOMBIHINA KAPKBIHABI HICMILTIK Ae(DOPMALIACHIH XKY3eTe aChIPyFa MYMKIHIIK OEpETiH, CaIbICTHIPMAIbl KapamaibiM
JKOHE KbIMOAT eMeC KYPaTAapblH KOJIAHY >KaFJaHbIHAA, OipyaKbITTa KOFAphl OCPIKTIKTI KOHE HICMIIIIK KACHETTE-
PIMEH MaTepuanaapabl axyIblH KOPYHEMACY Moceneci aktyanasl 6omabmm keneai. CeiM eHaipy kesiHae Oy MocemeHi
«bacmnanay-co3y» aehopMamusIay SAICiH YHIECTIpY sKOJBIMEH ajlyFa O0Jaasl, O ChIM OHIIPICIMEH CANBICTHIPFaHIA
Oipkarap epekuernikTepine ue 6onaapl. bepinren aedopmanmsnay omici yabTPayCaKTYHIPIIKTI KYPBIIBIMBIH YKOHC
SKOFApBl JCHTCHIII MCXAHHKAIBIK KACHETTCPIMEH CBHIMABL, AC(OpPMAIMSIAYIBIH a3 IHKIACPIHAC KOJIICHCH KHMA
ayJaHBIHBIH KCPEKTiI KUMACHIH YKOHE MIIMiHIH aJyFa MyMKIiHAIK Oepeni.

COHBIMEH KaTap MBIHAHBI CCKCPICHIMI3 KeH, Oy AcopMmanusiay oaiCiH OHAIPICKE CHIi3y KE3iHAC KOMAKTHI
SKOHOMHKAJTBIK Kapa)kaTThl Talam CTICH/I KOHC ChIM OHIpIC ymriH 0ap eHEPKOCINTIK KOHABIPFBLIAPAA ChIMAAY
MAIIHHAJIAPIBIH )KAHFBIPTYBIH KAKET CTHCH-AK KY3ere achIPbLIybl MYMKiH. OWTKEHI Oy KOMOMEePALHSIIBI MPOLECTL
5KY3€re achIpyhl YIIIH TSK KaHA OipAeHapHAbl CAThUTBI MATPHIAHBI FAHA TAJIAI CTCI.

Tyiiin co3aep: 6acnanay-co3y, OipaeHapHaIbI CATBUIBI MATPULA, CHIM, MCXAHUKAIIBIK KACHETTEP, OOMIaT.
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