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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 industrics 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
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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
A5083 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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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
arca 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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KYPBLIIBIMBI "KAHA PAJTMAJILAEI-BIFEICTEIPY OPHAFBIH/IA HIBIBEIK HJIEMAEY ITH
TEXHOJOTHSIBIK YIEPICTH ®H3AKAJIBIK MOJEIBAEY APKELILI JKACAY

AnnoTtamust. Makanaga KypbsUTbIMBL JKAHA PAIHAIIB-BIFBICTHIPY OpHAFE (PBIO) ychHburan. III0bKTApD MEH
ceIMTEMIpICpAl OacmakTay YIIH KOJJAHBLIATHIH PAaTUAIbIbI-BIFBICTHIPY OPHAFBI OACTBI KETCKTCH, XYMBICIIBI
KAaIacTaH, MIHOUTIK TOpaObIHAH >koHE Oacmak-yiaKanbIObHAH Typaasl. PblO-HeIH ym minme0imiri 6ap »KyMBbICIIbI
KAIAChl TYFBIPABIH immiHe opHAmACTHIPFaH. OChI TYFBIPABIH OMbIFbIHA 120° OYPBILUICH KYMBICIIBI MIMIHOLTIKTEPIiH
TOpaOBl >KHMHAKTANFaH. JKYMBICIIBI MINONHOUTIKTEpP >KACTHIKKA >KMHAKTanfraH. [limiHOimiKTepre aWHaay MOMEHTI
OLMiKTCP apKBLIBI 3MCKTPKOFBUITKBIITApAAH Ocpinedi. OCBI OPHAKTHIH MIIMiHOUTIKTEPl JAHBIHIAMAHBI KAPIMHUTHIH
JKOHE JKAHIIHUTBHIH TOJKBIHIBI-KOHCYTHI OOTIMIC >KOHEC MOMIICPICHTIH OexiMre MEMACHTEH. TOIKBIHIBI-KOHCYTHI
O6TIMHIH NIBIFBIHKBI XKOHE OMBIHKBI sKepIIepi OYPaHAAIbl ChI3BIKIICH OPBIHIAIFAHBI KAHBIHIA aliTa KETKeH k6H. OChI
KE3/C IIBIFBIHKBI YKOHE OHBIHKBI MKCPICPAIH TCOMETPHIBIK OJMIeMI HICMACY OarbIThIHA KapaH OIpTiHACH a3asisl.
Ocpl OpHAKTa WiIeMACY MEH Oacmakrayasl OIpiKTipy »KOJBIMEH KOFAphl CaIajbl IIBIOBIKTAD MEH CHIMAAPABI aTyFa
6omaxpr. STD 812 Topcronas! IIacTOMETPiH Koagana oTeIpsi, PhIO mibiObIKTap MEH CHIMAAPABI TYPII PEXKUMICP-
MEH OHJCYAIH TEXHOJOTHSIBIK YIACepicl (PM3MKAIBIK MOJCIbACY apKbUIBI Macamapl. Makanasa HAKTHl MO3HIHSIMEH
TYpPIl TeMIepaTypana KemTercH aeopMarms >KblIgaMAabiFbiMeH AS5083 amoMuHWI KOPBHITIIACHIHAH >KACATFAH
JAMbIHAAMAHBI KOIICATHLTHI JKAHIIBIFAHAA KOPBITIIA KYPBUIBIMBIHAAFGI TYHIPIIIKTEP ONIICMIHIH 63T€Py 3aHIbLIBIFBI
cunarraxFad. PblO-ma A5083 amoMuHHH KOPBITIIACHIHAH )KACAIFAH INBIOBIKTAPIBI HIEMICTEH KE371€ OCHI KOPBIT-
TMAHBIH MHUKPOKYPBUIBIMBIHA TCMICPATypa-acQOopMaIMIHbIH OHICY PCKiMI KaHZAH 3aHABUTBIKIICH 9CCP CTCTIHITL
TanxgarraH. KypsiibM TYHIPIDIKTEPIHIH 6Ccyl MECH Maanay KHHETHUKACHI KYMBICTA KAPACTBIPBUFAH, YCAK TYHIPIIIK-
Ti KyPBUTBIMHBIH KATBINTACY JKAEAAHEI kepcetinren. 200-300 °C medopmamus Temmepatypacsi MeH 1,0 sxome 30 ¢
medopManyAg KeUTIAMIBIFE JHATA30HBHAA AS083 amOMHHHN KOPHITIIACHIHAH >KACATFAH MIBIOBIKTH HICMICTCHAC,
TeMIEpaTy pa-1cHopMAHAIBIK OHACY POKIMIHC OaMIAHBICTHI MBIOBIK KYPBUIBIMBIHAA THHAMHKABIK )KOHC CTAaTHKA-
JBIK KalTa KPUCTATIAHATHIHEL aHBIKTAIABL. JKymeicta A5083 axroMHHUI KOPHITIIACEIHAH KACATFAH MMBIOBIKTA YCAK
TYHIPIIiri KYphUIBIMABI ay VINiH OHbIH AaiiprHmamacsiH PblO-aa 280-320 °C temmeparypa apanbsFblHAA HIEMICY
KaxeTTiri monmemaeHai. OChI KyMBICTa TYPIIl TeMIEpaTypa MeH Ae(opManus >KbUIIAMIBIFSl apaNIBFbIHIA YITLICPAl
Oypay HeMece co3bIm OypayMeH Ae(hOpMALHAIAHFAHIA OJAPABIH KOJICHCH KHMACHIHAA MHUKPOKATTHUIBIKTHIH TapaIy
3aHABUIBIKTAPBI 3ePTTEIAl. MeTalT KypBhUTbIMHBIH OOIIICKTSITeH TYHIPIIKTEPiHIH MOJIIEPl HEFYPIbIM Kimri 0oJca,
METAI MHUKPOKATTBUIBIFBI [a COFYPABIM JKOFAphl OONATBIHABIFBI MakKanaza kepcerimmi. Kymeicta AS5083
KOPBITHACHIHAH YKacaFaH OyHbIMIapAa YCAKTYHIPIIIKTI KYPBUTBIM/IBI Iy bl KAMTAMACHI3 €Ty YIIiH oxapasl 280-320
° C Temmeparypa apansirsiaaa PbIO-aa aeopManusiay KaKCTTLTIT JOICIICHI.

Tyiiin ce3mep: co3bin Oypay, Oypay, TOKipuOe, KYpbUIBIM, TYHIPIIIK, OPHAK, MIMiHOUIK, OCPIKTIK, OEPIKCI3mIK,
KAaUTAKPUCTAIAAHY,, TOTUTOHIAY.
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PA3PABOTKA TEXHOJIOTHYECKOTO IMPOIIECCA MIPOKATKH IPYTKOB
HA PAJJHAJTBHO-CABUTOBOM CTAHE HOBOM KOHCTPYKITHH
C IOMOIILIO ®M3HYECKOTO MOJEJINPOBAHUS

AnnoTtamust. B 1aHHON craThe mpeastoxkeH paamanbHO-caBUroBbid craH (PCC) HOBOM KOHCTPYKIWMH, ITO3BO-
JSIFOINUHA COBMCINCHHUEM IMPOKATKH M IPECCOBAHMS MOJYYaTh NMPYTKH M MPOBOJOKY BHICOKOTO KauectBa. PCC mma
TIPECCOBAHMS ITPYTKOB M IPOBOJIOKH COACPKHUT TIABHBIN IMPHUBO/, PAOOIYFO KICTh, BAJKOBBIN Y3€Il H MPECC-MATPHILY.
Tpexsankosas padouast kiaets PCC cocTouT M3 CTaHWHBL, B PAaCTOYKaX KOTOPOoH uepe3 120° cMOHTHPOBAHBI Y 3IIbI
pabounx Bamkos. Paboune BamKky CMOHTHPOBAHBI HA MOAYIIKAX. KpyTsAmimii MOMEHT K BAaJIKaM IIEPEAACTCS Uepe3
IIMAHICIM OT 3JICKTPOABUraresicii. Bamku maHHOTO CTaHA MMEIOT BOJIHHCTO-KOHYCOOOPA3HBIC YUACTKH 3aXBaTa M
OOKaTU M KATHOPYFOIMMHA yYACTOK. 3AMETHM, YTO BBICTYNBI M BIAAWHBI BOJHHCTO-KOHYCOOOPA3HBIX YYAaCTKOB
BBITIOJTHCHBI N0 BHHTOBOH JWHHUH. [IpH 3TOM reOMETpHYECKHE pa3MEphl BHICTYIIOB M BIAIWH ITOCTEIICHHO YMCHb-
MIAIOTCS B HANpaBlIeHUH MpokaTku. C MCmomb30BaHUEM TOPCHOHHOTO Iutacromerpa STD 812 mpomssencHo (u3u-
YECKOE MOJICITHPOBAHHIE TEXHOIOTHICCKOTO MPOIECCA MMPOKATKY MPYTKOB | MPOoBOJIoKH Ha PCC HOBOI KOHCTPYKIMHA
C PA3IMYHBIME peKHMaMu 00padoTku. C eIWHOM MOZUIIMK ONMMCAHO M3MEHECHUE CTPYKTYPHI AMFOMHHUCBOTO CIIJIaBa
A5083 mpu MHOTOCTYTICHYATOM OOXKATHH MPH PA3IMYHBIX TCMICPATYPax H CKOpocTaxX acopmuposanus. [Ipoana-
JTM3HPOBAHO BIITHUE TEMIICPATYPHO-IE()OPMAIIMOHHBIX PSKHMOB 00PAOOTKH HA MHKPOCTPYKTYPY ATFOMHHHEBOTO
crutasa A5083 mpu nporarke Ha PCC. PaccmoTpeHa KMHETHKA POCTAa W W3MEIBUCHUS 3€PEH, OTMCUCHBI YCIOBHUS
00pasz0BaHUs MEIKO3CPHHUCTON CTPYKTYPhL. YCTAHOBICHO, YTO B AMAMA30HE TeMIieparyp Achopmarmit 200 + 300 °C u
ckopocTax aedopmamun 1.0 u 30 ¢ B cTpykType amoMuHHEBOro CIiaBa AS5083 NpPOTEKAST JMHAMHEYECKAS H
CTAaTHYICCKAA PCKPUCTALTH3AMKSA B 3ABUCHMOCTH OT TSMIICPATY PHO-AC(POPMAITHOHHBIX PSKUMOB 00padoTku. B pado-
TE AO0KA3aHO, YTO IJISI OOECIECUECHHUS MEIKO3CPHUCTOH CTPYKTYPbI IMPOKATKY 3aroToBKH u3 cimasa A5083 ma PCC
HEOOXO0AMMO MPOU3BOAMTH NPH TeMIepaType npokarku 280-320°C. B pabote n3yueHbI 3aKOHOMEPHOCTH PacIIpec-
JICHUSI MUKPOTBEPIOCTH B MOIIEPSYHOM CECUCHUH OOpa3IoB, Ae(hOPMHUPOBAHHBIX KPYUCHHEM MM PACTITHBAFOIINM
KPYYCHHEM IIPH PA3IUYHBIX TEMICPATypax H CKopocTiax acopmammm. [loka3aHo, UTO UYeM MEHBINE pazMep
(h)parMCHTHPOBAHHBIX 3CPCH CTPYKTYPBL, TEM OOJIBINC MHKPOTBEPAOCTH MeTauia. B padore moxasaHo, 4TO I
oOecrieyeHHsT MEIIKO3EPHHUCTOR CTPYKTYPHI B MPYTKaxX u3 cruiaBa A5083 HeoOX0AMMO IMPOKATKY 3ar0TOBOK IIPOM3-
poauth Ha PCC mpu Temmneparype mpokarku 280-320 °C.

KimoueBbie c/10BA: pacTArHBaroIiee KPyUeHUE, KPYUCHHE, 3KCICPHMEHT, CTPYKTYPA, 3¢PHA, CTaH, BAJIKH VII-
POYHEHHE, Pa3yIPOYHEHHIE, PCKPUCTAITH3ALIHSL
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