ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)

KA3AKCTAH PECITYBJIMKACKI

YJITTBIK FBIJIbIM AKAAEMUACBIHBIH
Satbayev University

XABAPJJAPBLI

N3BECTUA NEWS

HAILIMOHAJIbHOM AKAJIEMUU HAYK OF THE ACADEMY OF SCIENCES

PECITYBJIMKN KA3BAXCTAH OF THE REPUBLIC OF KAZAKHSTAN

Satbayev University Satbayev University
SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

5 (443)

SEPTEMBER - OCTOBER 2020

THE JOURNAL WAS FOUNDED IN 1940

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



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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DEVELOPMENT OF THE TECHNOLOGICAL PROCESS
OF ROLLING BARS IN THE NEW DESIGN RADIAL SHEAR MILL
BY USING PHYSICAL MODELING

Abstract. A new design radial shear mill (RSM) which allows us obtaining high quality rods and wires by
combining rolling and pressing is presented in this article. Physical modeling of the technological process of rolling
rods and wires at RSM with various processing modes was performed by using STD 812 torsion plastometer.

The change in the structure of aluminum alloy A5083 during multi-stage compression at various temperatures
and strain rates is described with a single position. The impact of temperature-deformation processing conditions on
the microstructure and micro-hardness of aluminum alloy A5083 while rolling at RSM is analyzed. Kinetics of
growth and grain grinding are considered; the conditions for forming the fine-grained structure are mentioned. It is
established that in the deformation temperature range of 200 + 300 °C and strain rates of 1.0 and 30 s, dynamic and
static recrystallization proceeds in the structure of the aluminum alloy A5083, depending on the temperature-
deformation processing conditions. In the article, it is proved that it is necessary to perform rolling of the workpieces
on a RSM at a rolling temperature of 280-320 °C in order to ensure a fine-grained structure in bars out of A5083
alloy.

Key words: tensile torsion, torsion, experiment, structure, grains, mill, rolls, hardening, softening, recrystallization.

Introduction. Nowadays, it is common that various industries produce a certain amount of press
products out of non-ferrous metals and alloys with small geometric dimensions (various profiles, rods,
pipes, wires, etc.). With the purpose of producing such types of products, most of the technically
developed countries produce and implement radial-shear rolling (RSP) [1,2], methods of continuous
pressing of a new generation of Conform, Extrolling, Linex, as well as the methods of continuous casting,
rolling and pressing of Castex and Caster [3-5] at a good scientific level. Furthermore, it should be noted
that the equipment used in these technological processes own high mobility, flexibility, and relatively high
productivity while manufacturing products of various nomenclatures despite the large number of changes
in the technological process.

According to the authors of the article [6-9], a well-studied continuous process is the method of
combined rolling and pressing (CRP). This opinion occurred due to the fact that the development of CRP
installations with an optimal design and testing of rational modes of manufacturing bars and profiles out of
non-ferrous metals and alloys were performed by studying this method in laboratory and industrial
conditions. It should be noted that it is advantageous to use a continuous combined process of casting,
rolling and pressing in the production [10-13] in order to decrease the number of metallurgical processes
and reduce energy costs. Later, these methods might become innovative processes in mini-factories for the
production of small batches of press products.

Thus, the analysis of technological processes of manufacturing press products indicated that they are
effective according to both technological and economic indicators. However, most of the above mentioned
125
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methods were not used and implemented properly in the industry, since the proposed technical solutions
did not provide the industry with a stable process and did not create the necessary pressure for extruding
the metal. At the same time, powerful shear deformations of the metal are not developed along the section
of the workpiece, and, consequently, does not create conditions for a good investigation of the metal
structure and for its property improvement.

It is known [14-17] that a set of experimental and industrial studies is required in order to develop a
technology with the optimal temperature-deformation processing intervals. In this case, a certain amount
of time is spent and certain materials are consumed. Therefore, for developing a technological process it is
necessary to study and investigate various processing modes by using physical modeling and find rational
modes that make it possible to manufacture products with a fine-grained structure as well as with high
mechanical properties. The implementation of physical modeling can minimize the resource and time
costs of the study in a significant way. Subsequently, physical modeling allows us to determine the
rational temperature-deformation modes of rolling and pressing by a resource-saving way.

The objective set in our work was to develop a rational technology for hot pressing of rods out of
aluminum alloy on a new design radial-shear mill (RSM) by using physical modeling.

Materials and methods of research. In this article, a new design of RSM was presented [18]. At this
mill, the combination of hot screw rolling and pressing produces metal rods of small diameters or wire
with a fine-grained structure.

Physical modeling was used for developing a rational technology for the hot deformation of rods and
wires on a new design radial-shear mill. Operations of torsion and tensile torsion were implemented for
physical modeling due to the fact that combined rolling and pressing processes in the proposed mill is
carried out by rotational-translational movement of the workpiece. The impact of the temperature-strain
parameters of the above mentioned combined process on the evolution of the grain structure of the
aluminum alloy A5083 was investigated by using these operations.

STD 812 torsion plastometer was implemented for the physical modeling of hot plastic deformation
of rods and wires on a new design radial-shear mill [19,20]. The samples were heated in an inductor.
Aluminum alloy A5083 was chosen as the workpiece material. With the purpose of producing samples
with a homogeneous and relatively coarse-grained structure, the initial bar stock with a diameter of 10 mm
was subjected to homogenization annealing at the temperature of 470 °C and kept in this position for
30 hours.

In the manufacture of bars and wires at radial-shear mill, the main changing technological parameter
is regarded to be the feed angle and the rolling angle. These indicators affect both speed and degree of
deformation, as well as the processing temperature. Therefore, samples with the size of @16 x 210 mm
manufactured out of annealed rods (length of the deformation zone is 60 mm) were deformed by torsion
and tensile torsion at various strain rates. Testing procedure of the samples was carried out in vacuum. The
samples were heated until the temperature reached 200, 300, and 400 °C at a rate of 5 °C/s and kept at this
temperature for 250 s, then they were tested at a strain rate of 1.0 and 30 s”. After deformation, the
samples were cooled at a rate of 20 °/s.

A universal microscope Neophot 32 (Karl Zeiss, Jena) (Germany) was used for conducting
metallographic analysis. The Neophot 32 microscope is designed for metallographic microscopy and for
making photographs.

The measurement of micro-hardness of the samples was performed according to the Vickers HV
method on an automated micro-hardness tester of the American company INSTRON at a working load of
2.942 H and holding time of 10 seconds at the particular load.

Results and discussions. In this article, the obtained image of the microstructure of aluminum alloy
AS5083 in the cross section of the deformed rod was presented and demonstrated in Figures 1-4.

Based on the study of the microstructures of aluminum alloy A5083, it was established that:

- the initial structure has relatively unevenly distributed large grains with an average size of
~ 368 microns;

- samples deformed by the torsion with a strain rate of 1 s at temperatures of 200 °C had a relatively
coarse-grained structure in the central and surface zones of the sample (figure 1, a, b). The average grain
size varied from 163 microns to 315 microns;

- an increase in the strain rate to 30 s~ at a testing temperature of 200 °C led to an intensive decrease
in grain sizes in the surface zone of the workpiece, while it had a relatively coarse-grained structure in the
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central zone (figure 1, c,d). In these cases, the average grain size in the surface zone was 52 pum, and
253 um in the central layers;

- torsion of the samples with a strain rate of 1 s at a temperature of 300 °C also led to the formation
of a different-grain structure (figure 2, a,b). The average grain size in the surface zone was 28 um, and
57 pm in the central layers;

- testing the samples at the temperature of 300 °C, but with a strain rate of 30 s, also contributed to
the formation of a relatively different-grain structure (figure 2, c, d) with a change in the average grain
size from 34 pm (surface zone) to 69 pm (central zone);

- deformation of samples at the temperature of 400 °C and with a strain rate of 1 and 30 s led to the
formation of a relatively coarse-grained structure (figure 3, a, b) with a range of grain sizes ranging from
263-271 pum (surface layer of the sample) and 293—302 um (central zone of the sample);

- deformation of samples by the tensile torsion at the temperature of 200 °C with a strain rate of
1 s led to the formation of a homogeneous and relatively coarse-grained structure with an average grain
size of 62 pum (figure 4, a);

- an increase in the temperature to 200 °C and deformation at a speed of 30 s”' made it possible to
obtain a homogeneous and relatively fine-grained structure over the entire cross section of sample which
is under testing with a grain size of 73 um (figure 4, b);

- tensile torsion with a strain rate of 1s™ allowed us to obtain more homogeneous and relatively
fine-grained structure in samples deformed at a temperature of 300 °C a with a grain size of 36 pum
(figure 4, c);

- twisting tension at a temperature of 300 °C and deformation at the rate of 30 s™' resulted in a
homogeneous and relatively fine-grained structure over the entire cross section of the sample under
testing. In this case, the average grain size was 18 um (figure 4, d);

- tension with a torsion at the temperature of 400 °C and strain rates of 1 and 30s™ led to the
formation of a relatively homogeneous and coarse-grained structure with a range of grain sizes from
182 - 211 pm across the sample cross section (figure 4, d).

By comparing the obtained images of the structures, it can be seen that the strain by the torsion did
not allow us to obtain a homogeneous refinement of the structure in the cross section of the rod. In the
majority of cases, there are areas with a fine-grained structure in the surface layer of the sample, and larger
grains which are visible in the central zones. We believe that the reason behind fragmentation of surface
zones and preservation of coarse-grained structure in the center of the workpiece is the concentration of
deformation degree in the surface zone of the workpiece during the deformation of sample by torsion.

Figure 1 —
Microstructure
of the surface and central
zones of samples deformed
by the torsion at the
temperature of 200 °C.
a - surface zone, 1 s7%;
b - central zone, 1 s7';
¢ - surface zone, 30 s7';
d - central zone, 30 s™!
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Figure 2 —
Microstructure
of the surface and central
zones of samples deformed
by the torsion at the

-
b)
temperature of 300 °C.
a - surface zone, 1 s7;
b - central zone, 1 s7';
¢ - surface zone, 30 s°';
50 ym
d)

d - central zone, 30 s™!

a)
Figure 3 — Microstructure of the surface and central zones of samples deformed
by torsion with a strain rate of 1 s (a) and 30 s (b) at the temperature of 400 °C

o0 et
A=
.
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Figure 4 —
Microstructure
of the samples deformed
by tensile torsion at various
temperatures and strain rates.
a-1s",200°C;
b-30s",200°C; c-1s",300°C;
d-30s"',300°C;e-1s",400°C
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It should be noted that such a difference in the formation of structures is particularly evident when
samples are deformed by torsion with a strain rate of 1 s™" at a testing temperature of 200 °C. The results of
the experiment indicated that torsion of the samples under demonstrated temperature-strain conditions
leads to a small thermal effect of plastic deformation. The temperature of the working part of the sample
increases by 250 °C while compared to its initial temperature.

The results of metallographic studies indicated that hardening and softening processes take place
mainly by the return and polygonization mechanism during a rise in temperature in the structure of the
central zone of the sample. At the initial stage of deformation, a dynamic return occurs in the metal
structure of the workpiece, and polygonization occurs with a continuous increase in stresses. Furthermore,
unsteady polygonization takes place in the metal structure. Due to the unsteady process of polygonization
in the metal structure, unequal grains and subgrains are formed in the sample with relatively large sizes. It
should be noted that this temperature-velocity condition of deformation provides unsteady dynamic
recrystallization taking place on the surface of the sample and structure which is formed with an average
grain size.

The above mentioned research results indicate that structure is formed during the deformation of
samples by torsion with temperature-speed conditions both at the temperature of 200 °C with a strain rate
of 30 s, and at the temperature of 300 °C with strain rates of 1 and 30 s™ according to the above-
described law. However, torsion of the sample at the temperature of 200 °C with a strain rate of 30 s™' led
to the greatest thermal effect of plastic deformation. The maximum temperature recorded in the working
area of the sample was 530 °C. Based on these data, it can be noted that the temperature of the working
area of the sample was increased by 330 °C. Such increase in temperature led to the occurrence of steady-
state polygonization and recrystallization in the structure of the central and surface zones of the sample,
respectively. We believe that the established polygonization and recrystallization took place in the
structure of the central and surface zones of the sample in the case of torsional stress at a temperature of
300 °C with strain rates of 1 and 30 s respectively. The occurrence of established polygonization and
recrystallization at these temperature-strain rate deformations led to the formation of fine-grained structure
in the surface zone of the workpiece and a medium-grained structure in the central zone of the workpiece.

It should be noted that the samples deformed by tensile torsion with a strain rate of 1 and 30 s re-
ceived a relatively large fragmentation of grains. Therefore, the microstructure of samples deformed by
this type of deformation at the temperature of 200 and 300 °C has more finer-grained structure in
comparison with samples deformed by torsion under the same temperature and speed conditions of testing.
The reason behind the greater fragmentation of grains when tensile torsion is applied to the sample is the
action on the rod of the torsion and additional tensile stress. The actions of such complex stress state lead
to a more uniform distribution of the degree of deformation. It is known that a uniform distribution of the
deformation degree leads to the formation of a homogeneous structure in the metal.

By analyzing the above mentioned data, it becomes clear that, regardless of the applied load, an
increase in the testing temperature up to 400 °C leads to the formation of a coarse-grained structure due to
the occurrence of secondary (collective) recrystallization.

Investigation of the micro-hardness of A5083 aluminum alloy deformed by the torsion and tensile
torsion indicated that the hardness of the material in the surface layer is higher than on the rod axis. At the
same time, the study of the laws of the distribution of micro-hardness in the cross section of samples
deformed by the torsion or tensile torsion at various temperatures and strain rates indicated that the smaller
the size of the fragmented grains of the structure, the greater the micro-hardness of the metal. Conversely,
the larger the grain size, the lower the micro-hardness of the sample.

It should be noted that deformation of samples by the torsion or tensile torsion at the temperature of
400 °C led to the decrease in micro-hardness over the entire cross section of the sample, which is
associated with the passage of secondary (collective) recrystallization in the metal structure.

Based on the obtained results, it can be concluded that the rolling should be carried out in the
temperature range of 280 - 320 °C with a strain rate of 1 — 30 s in order to obtain a fine-grained structure
in bars or wires out of aluminum alloy A5083, deformed on a RSM of a new design. Furthermore, in the
proposed mill, it is necessary to produce a load conducive to develop tensile or compressive torsion in the
deformation zone. The load which facilitates deformation of the workpiece with the tensile torsion can be
created by installing a coiler in front of the die. At the same time, the load allowing the workpiece being
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deformed by compressive torsion can be produced by increasing the flow velocity of the rolled metal in
the rolls, i.e. by backing up the metal in front of the matrix.

Conclusion. The combination of rolling and pressing on a new design radial-shear mill allows us to
obtain uniform micro-hardness and fine-grained structure over the entire cross section of a cylindrical
workpiece in the case of production of load contributing to the development of tensile or compressive
torsion in the deformation zone.
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KYPbBUIBIMbI " KAHA PAJIUAJIB/IbI-BIFBICTBIPY OPHAFBIHJA IIBIBBIK NJIEMJIEY ITH
TEXHOJIOT'USAJIBIK YAEPICIH ®U3UKAJIBIK MOAEJBJAEY APKBIJIBI dKACAY

AnHoTanus. Makaraga KypbUTBIMBL )KaHa paguangbl-bIFbICTEIPY opHarel (PbIO) ycraburran. 1106k Tap MeH
CBIMTEMIipiepai Oacmakray YUIH KOJJAHBUIATHIH paJdalbIbI-BIFBICTEIPY OpPHAFBI 0acThl KETEKTEH, KYMBICIIIBI
KaIacTaH, MIiHOUTIK TopaObIHAH jkoHEe Oacmak-ysaKaiplObiHaH Typansl. PbIO-HBIH ym mimriHOLIiri 6ap »KyMBICIIEI
KaItachl TYFBIPIBIH imriHe opHamacTeiprad. OChl TYFBIPABIH OWBIFEIHA 120° GYPHINIIEH KYMBICIIBI TITIHOUTIKTEPIiH
TOpabbl XKWHAKTaIFaH. JKYMBICIIBI MINIHOUTIKTEp KAaCTHIKKA JKMHAKTaiFaH. [limriHOLTIKTepre aiHAIy MOMEHTI
OlMTiKTEp apKBUIBI JEKTPKO3FBUITKBIITapAaH Oepimeni. OCkl OpHAKTHIH MIMIHOUTIKTEp] NailbIHAaMaHBl KapIUTHIH
JKOHE JKAHIIUTHIH TOJKBIHIBI-KOHCYTHI O6JIMre >KOHE MOIIIepIeHTiH OexiMre meMACHTEH. TONKBIHIBI-KOHCYTHI
OeTIMHIH IIBIFBIHKBI JKOHE OWBIHKBI JKepIiepi OypaHIabl CHI3BIKIICH OPBIHIANFAHbI XKabIHIA aiiTa KeTkeH xeH. Ochbl
Ke3Jle IIBIFBIHKBI KOHE OMBIHKBI JKEPICPAiH TeOMETPHSUIBIK OJIIIeMi WieMIey OaFbIThIHA Kapai OipTiHAET a3asbl.
OchI opHaKTa WieMIey MeH Oacmakrayasl OipiKTipy *KOJBIMEH JKOFaphl camallbl MIBIOBIKTAp MEH CHIMAAPMBI alyFa
6omamer. STD 812 TopcHOHABI TUTACTOMETPIH Koyigana oTeIphI, PhIO mbIObKTap MEH CHIMAAPIBI TYPIl PeXUMICP-
MEH OHJICYAIH TEeXHOJOTHSIBIK yepici (M3UKaIBIK MOJEIbICY apKbUIBI XKacaiapl. Makanasa HaKThl ITO3UIUSMEH
TYpJIi TeMmIeparypana KemTereH aedopMaiys >KbligamiasiFbiMeH AS083 amoMHHHIA KOPBITIIACHIHAH JKACAJFaH
JafbIHIaMaHbl KOIICAThUIbI JKaHIIbIFaHJa KOPBITHA KYPbUIBIMBIHIAFEl TYHIPITIKTEDP OJILIEMiHIH 63repy 3aHIbUIBIFbI
cunarrairad. PblO-ma A5083 amoMuHMI KOPHITHACHIHAH JKacaliFaH HIBIOBIKTapIbl WIEMIETeH Ke3[le OCHl KOPBIT-
MaHBIH MHUKpPOKYPBUIBIMBIHA TeMIepaTypa-ae(opMaIisiHEIH OHIeY peXiMi KaHAad 3aHABUTBIKIICH ocep eTeTiHIri
Tanganrad. KypbuibIM TYHipIIiKTEpiHiH 6cyi MEH Maiiianay KHHETHKACHI dKYMBICTa KapacTHIPBUTFaH, YCaK TYHIpIIiK-
Ti KyPBUIBIMHBIH KaJbINTacy araaiibl kepcerinren. 200-300 °C nepopmarus Temneparypachl MeH 1,0 xone 30 ¢!
nedopManus KbeUIIAMIBIFE Arana3oHbiHna A5083 amroMuHNN KOPBHITIIACHIHAH YKACAJIFaH IIBIOBIKTEI HIIEMIIETCHAE,
TeMnepaTypa-aeGopMaIsUTBIK OHACY pexXiMiHe OailIaHBICTHI MIBIOBIK KYPBUIBIMBIHA JHHAMHUKAIBIK )KOHE CTaTHKA-
JBIK KalTa KpUCTaNIaHAThIHBI aHBIKTAIIbL. JKympicTa AS083 adroMHHUI KOPHITIIACKIHAH JKacajFaH IIBIOBIKTA YCaK
TYHIPIIri KYPBUTBIMABI aly YIIiH oHBIH maierHgamMackiH PbIO-mga 280-320 °C TeMmeparypa apaibIFbIHAA WIEMICY
KaxeTTiri gomenaeHni. Ocel )KYMBICTa TYpPJIl TeMIepaTypa MeH JeOopManus KbULAaMIBIFEl apalbIFbIHAA YATUICpIl
Oypay Hemece co3bIn OypayMeH JeopManrsUIaHFaH/Ia OJIApbIH KeJIICHEH KUMaChIHIa MUKPOKATTBUIBIKTBIH Tapay
3aHIBUIBIKTApHI 3epTTeNAl. MeTamu KYphUIBIMHBIH OOJMIeKTeNreH TYHIpIIiKTepiHiH MeJmepi HeFypibIM Kimri 0oJca,
METaJUl MHUKPOKATTBUIBIFEI Ja COFYPNBIM KOFaphl OONATBIHABIFE Makadama kepcerinmi. Kympicta AS5083
KOPBITIIACBIHAH JKacaliFaH OyibpIMAapaa YCaKTYHIPIIIKTI KYPBUTBIMABI ally bl KaMTaMachl3 €Ty yIiuiH onapasl 280-320
° C Temrieparypa apansirsiaa PblO-ma nedopmarusnay KaxeTTiTiri ToenaeH .

Tyiiin ce3nep: co3bim Oypay, Oypay, ToxkipuOe, KypbUTBIM, TYHIPIIIK, OpHAK, MIIIiHOUTIK, OepIKTIiK, OEpiKCi3miK,
KalTaKpHUCTalaHy, OJIUTOHJAY.
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PA3PABOTKA TEXHOJIOT'HYECKOI'O ITPOLECCA ITPOKATKH IIPYTKOB
HA PAJIMAJIBHO-CJIBUTOBOM CTAHE HOBOM KOHCTPYKIIMM
C IOMOIBIO PUZNYECKOT'O MOJAEJIUPOBAHUSA

AHHoTauus. B nanHHO# cTaTthe mpemiokeH paguanbHO-cIBUTOBBEINA cTaH (PCC) HOBOWM KOHCTPYKITHH, MTO3BO-
JSIFOLIMI COBMEIIIEHHEM TPOKATKH M MPECCOBAHMs IOJy4aTh MPYTKH M MPOBOJIOKY BbicOKoro kadectsa. PCC s
MPECCOBAHUS MPYTKOB M MPOBOJIOKH COAEPIKUT TIIaBHBIN MPUBOJI, PA00UYIO KIIETh, BAJIKOBBIN y3€Il M PEcc-MaTpuILy.
TpexBasikoBas pabouasi kjaetb PCC COCTOMT U3 CTaHHMHBI, B PaCTOYKax KOTopoi depe3 120° cMOHTHPOBaHBI Y3JIbI
pabounx BaykoB. Paboune BaKu CMOHTHUPOBaHBI Ha MOAyIIKaxX. KpyTsiuii MOMEHT K BajikaM Iepelaercs uepe3
LIMUHJETN OT JJIEKTpoJBHUrareneil. Baaku naHHOTrO cTaHa MMEIOT BOJIHHUCTO-KOHYCOOOpa3HbIE Y4acTKU 3axBaTa U
obKaTHs M KanUOpYyMOUMH y4acTOK. 3aMETHM, YTO BBICTYIbI M BIAJHMHBI BOIHHCTO-KOHYCOOOpPA3HBIX Y4acCTKOB
BBINIOJIHEHBI [0 BUHTOBOM JIMHUU. [Ipu 3TOM reomMerpuveckue pa3mMepbl BHICTYIIOB U BIAIHH MOCTENIEHHO YMEHb-
MIAIOTCS B HaNpaBjieHUH MpokaTku. C MCMonb30BaHUEM TOPCHOHHOTO Tutactomerpa STD 812 mpousBeneHo ¢usn-
4eCKOe MOZCIMPOBAHNE TEXHOJIOTHUECKOro MPOoIiecca MPOKATKU MPYTKOB U npoBojioku Ha PCC HOBOI KOHCTPYKIIMU
C pa3NMYHBIMU pexxuMamu 00paboTku. C enHOI O3UIMK ONMCAHO U3MEHEHUE CTPYKTYpPhl aJFOMUHHEBOTO CILIaBa
AS5083 npu MHOTOCTYNEHYaTOM O0XKATHHU MPH PA3IMYHBIX TeMIlepaTypax U ckopocTsix aedopmupoBanus. [Ipoana-
JM3UPOBAHO BIIMSIHUE TEMIIEPATYPHO-Ae(OPMALMOHHBIX PEKUMOB 00PaOOTKH HA MUKPOCTPYKTYPY aJlOMHUHHEBOTO
crutaBa A5083 mpu npokatke Ha PCC. PaccMoTpena KMHETHKA POCTa M M3MENBUYCHHS 3€PEH, OTMEYEHBI YCIOBHUS
00pa3oBaHusl MEJIKO3EPHUCTON CTPYKTYPHI. Y CTaHOBJIEHO, YTO B auanasoHe Temieparyp aepopmanuii 200 + 300 °C u
ckopoctax nedopmarmu 1,0 u 30 ¢! B crpykType amomuHMeBoro cruiaBa AS5083 mpoTekaeT IMHAMHUECKAs M
CTaTW4ecKas PeKPUCTAIUIA3ALMS B 3aBUCHIMOCTH OT TEMIIEPaTypHO-Ae(POpMaIIHOHHBIX PeKUMOB 00padoTku. B pabo-
T€ JOKa3aHO, YTO ISl 0OECIIEYeHUsI MEIKO3EPHHUCTON CTPYKTYpPHI MPOKATKy 3arotoBku u3 cmiaBa A5083 ma PCC
HE00X0AMMO MPOU3BOANTE IpH TemuepaType npokatku 280-320°C. B paboTe u3y4eHsl 3aKOHOMEPHOCTH pacipese-
JICHUS] MHUKPOTBEPAOCTH B IMOIMEPEUYHOM CEYSHHUH 00paslioB, Je(OPMHUPOBAHHBIX KPYUYCHHUEM WM PACTITHBAIOLIMM
Kpy4eHHeM IIpU pa3liMuHbIX TeMmIeparypax M ckopocTsx nedopmanuu. Iloka3aHo, 4yTo 4YeM MeHbIIEe pazMmep
(parMeHTUPOBAHHBIX 3€PEH CTPYKTYpbI, TeM OOJIbllie MHKpPOTBEPAOCTh MeTaia. B paboTe moka3aHo, 4TO st
obecrieueHnsT MENKO3EPHUCTON CTPYKTYpPHI B IpyTKax u3 ciiaBa A5083 HeoO6X0oauMo MPOKATKy 3aroTOBOK ITPOU3-
BoauTs Ha PCC mpu Temmeparype npokatku 280-320 °C.

KioueBble ciioBa: pactaruBaroliee KpydeHue, KpyueHHe, SKCIepUMEHT, CTPYKTYpa, 3epHa, CTaH, BAJIKU YII-
pOYHEHHE, pa3ypOYHEHHE, PEKPUCTAIIIA3ALIHS.
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