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Abstract. Recently, there has been a need for electrical wire made of aluminum alloys with different contents of rare
earth metals (REM) as wiring for various types of advanced equipment. Also, an important factor is the increase in the
efficiency of production of deformed semi-finished products due to the use of combined processes that reduce energy
consumption, labor costs and increase productivity. Objective. The purpose of this study is to develop technological
solutions for the production of wire from aluminum alloys containing REM, using asymmetric combined processes of
rolling-extrusion (CRE) and casting-rolling-extrusion (CCRE) with one drive roll. Methods Applied. The results of
experimental studies of the CRE and CCRE processes for obtaining longish deformed semifinished products from alloy
01417 at the CRE-200 laboratory facility are presented. The structure of the metal has been studied. Data on the ulti-
mate tensile strength, elongation to failure and specific electrical resistance of hot-extruded rods and wires in cold-
deformed and annealed states were obtained. Originality. It was found that it is expedient to implement the process
with one driven roll when the task is to reduce the dimensions of the unit and energy-power costs in the production of
longish semifinished products from aluminum alloys. Result. The results of the theoretical solutions, modelling and
experimental studies are adequate and confirm the previously established patterns of change in the temperature—speed
and energy—power parameters of the combined metal forming processes. The use of the CRE and CCRE methods with
one driven roll made it possible to obtain rods with a diameter of 9 mm and wires with a diameter of up to 0.3 mm in a
hard-worked and annealed state from alloy 01417 with the required level of mechanical, electrical and operational prop-
erties.
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MCCJEJOBAHUE CBOWCTB U CTPYKTYPBI IPOBOJIOKH _
N3 CIVIABA CUCTEMBI Al-Ce-La METOJOM COBMELIEHHOU
HNPOKATKHU-IPECCOBAHUA C OJHUM NTPUBOJHBIM BAJIKOM

BopommuJos J1.C.
Cubupcxkuit Genepansublii yauBepcutet, KpacHosipck, Poccust

Annomauyus. B ocnenHee BpeMsi BOSHHKaET MOTPEOHOCTD B AJIEKTPOTEXHUYECKOM MPOBOJIOKE U3 CIUIABOB AJIFOMHUHHUS C pa3-
JIMYHBIM COJEPKaHUEM PEAKO3EMENIbHBIX METAJUIOB B Ka4€CTBE NMPOBOAKU PA3JIMIHBIX 00pa3LOB NMEPCHIEKTHBHON TEXHUKH.
Taxke HEMaJIOBBDKHBIM (PAaKTOPOM SIBJISIETCS MOBBIICHHE (P ()EKTUBHOCTH POU3BOACTBA Ae(OPMUPOBAHHBIX 10Ty(adpu-
KaTOB 3a CYET MPHMEHEHH COBMEILECHHBIX IPOLIECCOB, CHIDKAOIINX 3HEPIOEMKOCTb, TPYI03aTPaThl U MOBBIIIAOIINX TIPO-
n3BoxuteabHocTh. Llens necaenoBanust. Llensro JaHHOTO HCCIIEJOBaHMS SBISIETCS pa3pad0TKa TEXHOJIOTNUECKUX PEIIeHUN
JUISL TIPOM3BOZICTBA IPOBOJIOKM W3 ATIOMHUHHEBBIX CIUIABOB, COIACPXKAIIUX PEIKO3EMEIbHBIE METAUIbL, C HCIIONB30BAHUEM
aCUMMETPHYHBIX COBMEIIEHHBIX NporieccoB mnpokatku-nipeccoBanus (CIIII) u mutes-npokatku-npeccoBanus (CJIuIII) c
OJHUM TIpUBOIHEIM BaskoM. Mcnosib3yemble MeToabl. [IpencTaBneHsl pe3yiabTaThl SKCHEPUMEHTANBHBIX HCCIICIOBAHUH
coBmetnieHHBIX TiporieccoB CIIIT u CJIul I amst mory9YeHus [UTMHHOMEPHBIX Ae(hOPMUPOBAHHBIX ITOTY(paOpHKATOB U3 CILIABA
01417 na nmaboparoproii ycranoBke CIIII1-200. M3ydena ctpykrypa Metayuia. [lomydeHbl TaHHBIC [0 BPEMCHHOMY COIPO-
THUBJICHUIO, OTHOCHTEJILHOMY YUTMHCHHIO Y YCTFHOMY 3JIEKTPUYCCKOMY CONMPOTHUBIICHHIO TOPSYETIPECCOBAHHBIX IIPYTKOB H
MIPOBOJIOKH B XOJIOAHO/1e()OPMUPOBAHHOM U OTOXIKEHHOM COCTOSIHUAX. HOBU3HA. Y CTaHOBJIEHO, YTO NPH 337124 CHUXKCHHS
rabapyTOB arperara 1 3HEPrOCUIIOBBIX 3aTPaT MPH MPOU3BOACTBE JITMHHOMEPHBIX MOTy(haOpPHKATOB U3 aATFOMUHHEBBIX CILIa-
BOB I1€716CO00Pa3HO peaan30BaTh MPOIECC C OJHUM NPUBOAHBIM BaIKOM. Pe3yabTar. Pe3ynbTaTel TEOPETUIECKHX PEIICHHH,
MOJICTIMPOBAHMUS M SKCHIEPUMEHTAIBHBIX MCCIIEIOBAHHI a/ICKBaTHBI M MOATBEP)KAAIOT PaHEE YCTAHOBIICHHBIE 3aKOHOMEPHO-
CTH U3MEHEHUsI TeMIIEPaTyPHO-CKOPOCTHBIX U SHEPTOCUIIOBBIX NTOKa3aTeNei COBMEIICHHBIX POIIECCOB 00PadOTKH METAILIOB
nasienueM. [Ipumenenue meronos CIIIT u CJIUIIII ¢ onHUM MPUBOJHBIM BalIKOM MO3BOJIWIO MOIYYUTh NPYTKH JTUAMETPOM
9 MM © TIPOBOJIOKY auaMeTpoM 10 0,3 MM B HarapTOBAHHOM M OTOXOKEHHOM COCTOsHMHU U3 ciuiaBa 01417 ¢ TpeOyembiM
YPOBHEM MEXaHMYIECKUX, JIEKTPUUCCKUX U SKCILTyaTAIIMOHHBIX CBOMCTB.

Knrouesvle cnosa: nepuii, aTIOMUHHEBBIE CIUIaBbI, MEXaHHUECKHE CBOIMCTBA, MUKPOCTPYKTYypa, Ilactuueckas aedop-
MaIsi, 3JICKTPOCOMPOTHBIICHHE, IIPOKATKA, IIPECCOBAHIE, BOJIOYCHUE

Paboma svinonnena 6 pamxax eocyoapcmeennoco saoanus Ha Hayky Cubupckozo gedepanvhozo ynugepcumema,
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Introduction A special place in this series is occupied by wire made

. o . . . of aluminum alloys with REMs, which are used as electrical
Aluminum is widely used in various industrial areas  condyctors for aircraft operating at elevated temperatures
[1]._ meg to their high elec_trlcal _conduct_lwty, hlgh_ COr- (up to 250°C). Numerous studies have shown that these al-
rosion resistance, and especially light weight, aluminum 5vs can be successfully used for such purposes since they
(including with the addition of rare earth metals) and its 36 improved strength and service properties [4-23]. In [4],
a!loys are widely used in electrlc_al wire appllca_\tlons, the CRE of AI-REM alloys was simulated. Mechanical
al.rcraft gnd rqcket space construction, and other indus- properties of the AI-REM system alloys described in previ-
tries. With an increase in temperature to 523°C, the elec- ous works [5, 6, 10, 12, 13, 16, 23]. The microstructure has
trical resistance of aluminum increases by almost 3 times.  paen investigated previously [6, 12, 18, 23, 24]. Electrical
When the aluminum temperature decreases to -253°C, the  ¢onqyctivity of aluminum alloys with REMs has been inves-
UTS increases by almost 3 times, and e_Iongatlon to fail- tigated [5, 7]. Zhang Yu. The authors of [7] described the
ure (A) decreases by 1.5 times [2, 3]. This metal also suc- gjfference between La and Ce as additives for electrically
cessfully replaces copper in high-voltage power lines. conductive aluminum alloys. The effects of the addition of
In various branch_es of nonferrous metallurgy, the La have been reported previously [8, 10, 13, 17-19]. Feng
volume of wire output is up to 30% of the total volume of \y/ ¢t al. [8] studied the homogenization of pure aluminum
metal products (wires, rivets, deoxidizers, and welding  \ith the addition of La. Cao X. et al. [15] studied the anneal-
wire). Energy enterprises consume more than 80% of the  jng and aging of an Al-Ce alloy. The influence of Ce in alu-
electrical wire they receive. minum alloys has been investigated [9, 14, 20, 22]. Effect of
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La+Sm combined addition on mechanical properties and
microstructure of aluminum alloys described by Yang Q.
et al. [11]. Effect of Ce+Sr addition on solidification, as
shown in [21].

Important parameters in the development of equipment
for combined processing are the simplicity of design and the
reduction of energy losses at the stages of its transfer from
the drive motor of the unit to the rolls. In previous studies,
the results of modelling the asymmetric process of combined
rolling-extrusion with two driven rolls were presented, but
the process with one driven roll was not studied. The use of
this process makes it possible to exclude the gear stand from
the composition of the CRE units, thereby ensuring the di-
rect transmission of torque from the gearbox to one of the
work rolls, which reduces the dimensions and reduces the
cost of the unit. In this context, the task of studying the CRE
process with one driven roll seems to be relevant. Notably,
in addition to the temperature and speed conditions of pro-
cessing, the lengths of the zones of action of the active and
reactive friction forces, which are determined by the parame-
ters of the deformation zone, strongly influence the CRE and
CCRE process.

The purpose of this study is to develop technological
and scientific solutions for the production of wire from
aluminum alloys containing REMs via an asymmetric
CRE and CCRE process with one driven roll.

Materials and methods of research

The chemical composition of the investigated alumi-
num alloy 01417 is given in Table 1.

Table 1. Chemical composition of the investigated
01417 alloy

Tabnuma 1. XuMHYeCcKHi cocTaB HCCIETyeMOro CIUIaBa
01417

Component content in the alloy, wt. %

Al Ce La Fe Pr Sm Si

balance|4.4-4.712.3-25| 0.2 0.1 0.1 0.1

Research on the production of rods as billets for wire
for electrical purposes was carried out with a combined
processing CRE-200 unit (Table 2) [5].

Table 2. Technical characteristics of the combined
processing unit CRE-200

Tabnumna 2. TexHHUECKUE XapaKTePUCTHKH YCTaHOBKH
coBMeneHHo#i oopadoTku CIII1-200

Parameters Values
Initial roll diameter, mm 200
Shaft neck diameter, mm 100
Roll barrel length, mm 240
Roll speed, rpm 4;8
Maximum clamping force, kN 300
Electric motor power, KW 19
Gear ratio 40

Rheological property data for the 01417 alloy ob-
tained by torsion of samples in different modes over a
fairly wide range of changes in the rate and degree of
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deformation. For a temperature of 550°C, the graph of the
dependence of the resistance to deformation os on the
logarithmic degree of deformation at various strain rates
is shown in Fig. 1. On the basis of an analysis of the sci-
entific and technical literature, this alloy was chosen for
research on the production of electrical wires that meet
the existing technical requirements for mechanical prop-
erties and heat resistance.
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Fig. 1. Resistance to deformation o5 dependence
of the logarithmic deformation Inp of the 01417
alloy at different strain rates & and temperatures
of the billet heated at 550°C

Puc. 1. 3aBUCHMOCTh COMPOTUBIICHUS AehOPMAIINU Og
ot norapudmudeckoii nedopmarnuu Iny criasa
01417 pu pa3IIIHBIX CKOPOCTSX AeopManuu &
U TeMIepaTypax 3aroToBKH, HarpeToil npu 550°C

Metallographic studies were carried out on a Carl
Zeiss and an EVO 50 scanning electron microscope (Ax-
io Observer). Alm light microscope, with an Inca Energy
350 energy-dispersive microanalyzer. To investigate the
mechanical properties of deformable semifinished prod-
ucts, a universal electromechanical machine LFM 400
with a force of 400 kKN was used. To simulate the CRE
process with one driven roll, the DEFORM 3D finite el-
ement modelling complex was used.

Findings and discussion

Two schemes of processing were used for this re-
search: standard with two driven rolls and with one driv-
en roll (Fig. 2). Roll 2, with the largest contact surface
made with a groove (cut), acted as a driven roll. Roll 1
with a protrusion was nondriven and formed a closed
caliber with a rectangular cross-section with a minimum
height h1 with roll 2. The billet 4 with height hO was set
into a gauge and covered at the exit from the rolls by die
3, which had a calibrating hole according to the shape and
dimensions of the extruded rod 5 with a diameter d.

The study of the metal flow during CRE with one
driven roll was carried out via the method of coordinate
grids on the underrolled residue, the form of which is
shown in Fig. 3. Underrolled residue during CRE with
one driven roll was obtained on the CRE-200 unit by
stopping the roll at the moment the rod was extruded. In
this case, a sample was obtained, according to which the
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shape of the deformation zone and the features of the
metal flow were assessed.

The task of studying the shape change of the metal of
a model sample subjected to a CRE with one driven roll
was solved via the grid coordinate method. To carry out
the experiments, samples with rectangular cross-sections
14x14 mm in size were made with a coordinate grid ap-
plied mechanically with an average cell parameter of
2.5+0.2 mm. Next, the samples were subjected to a CRE,
and the distortion of the grid cells was used to assess the
features of the metal flow during the implementation of a
given scheme of combined processing.

Fig. 2. Scheme of the deformation zone of the CRE
process with one driven roll: 1 is roll with
the protrusion; 2 is roll with a groove; 3 is die;
4 is billet; 5 is extruded rod; | is rolling zone;
Il is zone of pressing out; 111 is extrusion zone
Puc. 2. Cxema ouara nedopmarmu nporecca CIIIT
C OZIHUM NPUBOIHBIM BajkoM: 1 — Baslok
C BBICTYIIOM; 2 — BaJIOK C py4beM; 3 — MaTpHILa;
4 — 3aroTOBKa; 5 — MPECCOBaHHBIN NMPYTOK;
| — 30mHa npoxkartkw; || — 30Ha pacpeccoBky;
Il — 30Ha ipeccoBaHmst

% Driven roll side

- ~

Fig. 3. Type of underrolls in the implementation of the
CRE process with one (a) and two (b) driven rolls

Puc. 3. Buasl HeI0KaToOB pH peasii3aliuy mporecca
CIIII ¢ onaumM (a) u aBymst (D) mpuBOIHBIME
BaJIKaMH

The measurement of the geometric parameters for the
coordinate grid for various streamlines was carried out
via the AutoCAD software package (scanned image with
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a size of 3768x3574 px). On the basis of the measure-
ments, data for the calculation were obtained, which were
processed and presented in graphical form for the case of
a CRE with one driven roll in Fig. 4 and Fig. 5.

The contact streamline close to the driven roll changes
similarly to the streamlines during CRE with two driven
rolls. The CRE method with two driven rolls for other
streamlines has a different nature. Depending on the active
and reactive friction forces on the contact surfaces, the
movement of the alloy in the rolling direction is different.

The displacement of the ordinates of the nodes of the
coordinate grid near the streamline adjacent to the driven
roll begins before the geometric source (Fig. 4, b). It
bends opposite to the rolling direction, similar to two
driven rolls. The alloy particles in contact with the driven
roll are ahead of the axial metal layers, and the layers are
located on the side of the nondriven roll.

When the billet enters the zone of extrusion during
CRE with one driven roll (Fig. 4, a), a decrease in
movement along the rolling axis is observed. Additional-
ly, from the side of the nondriven roll, the metal lags be-
hind the roll surface, which can be explained by the dif-
ference in the movement speeds of different metal layers.
In the zone of extrusion from the side of the nondriven
roll (roll with a protrusion), an increase in the lag of the
metal particles at the contact from the inner layers is ob-
served, but later, they are ahead of the intermediate ones.
The metal layers on the side of the nondriven roll have
the lowest speed in the deformed billet. The highest value
of the change in the horizontal component (Fig. 5, a) of
the metal flow velocity V, is associated with parts of the
billet located on the side of the driven roll. The vertical
component V, is a significant change (Fig. 5, b) in the
speed of the axial layers of the metal in comparison to the
CRE process with two driven rolls. The change in the
speed of the axial layers of the metal in the process of
CRE with two driven rolls is insignificant. The velocity
V, decreases in the section of the curve from the alloy
entry into the deformation zone. Furthermore, in the ex-
trusion zone, an increase in the velocity component oc-
curs. The velocity component reaches a maximum value
in front of the die.

At the beginning of the deformation zone, the billet
bends towards the driven roll. An influx of metal is
formed from the roll with the protrusion side (without
motion), which is caused by the difference in the metal
flow rates of the billet (see Fig. 3). At the moment of
minimum billet height during rolling, the sidewalls of the
pass have full contact with the side faces of the billet (the
same case with two driven rolls). After passing through
the zone of maximum reduction, the metal lags behind
the surface of the nondriven roll, which is also due to
different metal flow rates. The metal was deposited and
extruded out in front of the die along the height of the
caliber. A billet with a size equal to the height of the die
squeezed out into the hole of the die. The metal flow
from the side of the die mirror has a radial character.
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Fx, mm

Xomm

x.omm

Fig. 4. Distribution over the cross-section of the sample for horizontal F, (a) and vertical F, (b) displacements
of coordinate grid nodes: 1 is contact current line from the driven roll side; 2 is axial current line;
3 is contact current line from the side of the nondriven roll

Puc. 4.

PacnpeseneHue 1o cedeHHIo 00pasiia ropu3oHTaIbHbIX Fy (8) 1 Beprukanpubix F, (D) nepemermenuii y3ios

KOOpI[I/IHaTHOI\/’I ceTKH. 1 — KOHTaKTHas JIMHHUA TOKa CO CTOPOHBI IPUBOJHOTO BaJIKa, 2 — oceBast TUHUSI TOKa,
3 — KOHTaKTHasl JIMHHUS TOKA CO CTOPOHBI HETIPUBOAHOI'O BajiKa

v, mm/s
90

80

0 20 40 Y. mm/s

a
Fig. 5.

i, mm/s
140
120

40 60 ¥, mm/s

Changes in the horizontal V, (a) and vertical V, (b) components of the metal flow velocity: 1 is contact current

line from the driven roll side; 2 is axial current line; 3 is contact current line from the side of the nondriven roll

Puc. 5.

HM3meHeHune ropu3oHTanbHOM Vy (a) 1 BepTHKaIBbHOH Vy (D) COCTAaBIAIOMMX CKOPOCTH TEUSHHS MeTallIa:

1 — KOHTaKTHAs IMHHS TOKA CO CTOPOHBI BEAOMOTI'O BaJIKa; 2 — oceBas JIUHHSA TOKa, 3 — KOHTaKTHas JIMHUS TOKa

CO CTOPOHBI HEBEAOMOI'O BaJIKa

The DEFORM 3D software package is used to analyse
and calculate the parameters of the CRE process with one
driven roll and establish patterns of their movement, such as,
for example, the distribution of moments on the driven and
nondriven rolls, the distribution of metal flow velocities,
forces on the rolls and die, and temperatures in the defor-
mation zone. To refine the rheological model via mechanical
tests, data were obtained on the properties of the experi-
mental alloy at various temperatures and speeds. After anal-
ysis, the obtained data were approximated and entered into
the database of materials of the DEFORM 3D system.

In the next stage, with the help of the SolidWorks
complex, models of the roll tool, die and billet were built.
The developed model was imported into the DEFORM
3D preprocessor via STL files.

The calculations in the DEFORM 3D system were
carried out under the following assumption:

— the process under consideration is nonisothermal;

— incompressible rolls;

— the billet material is considered to be homogeneous
and isotropic;

— Deformable medium - viscoplastic;

— Friction on the rolls and die obeys Siebel’s law.

The following are taken as initial parameters. The
friction index according to Siebel on the matrix y,, = 0.58
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on the rolls y, = 0.9. The dimensions of the cross-section
of the cast billet are 14x14 mm. The initial temperature
of the cast billet was 550 °C. The diameter of the roll
with the groove was 162 mm, and the diameter of the roll
with the protrusion was 214 mm. The roll speed (n) was 4
rpm. The degree of reduction during rolling is & = 50%.
The initial temperature of the rolls and the die varied
from 80 to 400 °C. The number of elements was as fol-
lows: billet, 40665; die, 9660; roll with protrusion,
97785; and roll with a groove, 81326. Modelling was
carried out up to the steady-state CRE process. The re-
sults of modelling the energy—power and temperature—
speed parameters of the CRE process with one driven roll
are shown in Fig. 6.

In this context, studies on the feasibility of the CRE
process were carried out for one driven roll, and a compari-
son of the calculation results with the feasibility of the pro-
cess when both drive rolls are used. To verify the results of
modelling the processes of obtaining extruded semifinished
products from an aluminum alloy of the AI-REM system,
the CRE and CCRE methods were used. To implement
these processes, we used a CRE-200 unit mounted on the
basis of a DUO 200 rolling mill (Table 2).
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Fig. 6. Temperature distribution of the billet over the deformation zone and the value of the force acting on the die,
depending on the initial temperature of the rolls and the die T; at a billet temperature T, equal to 550°C:
ais T;=80°C; b is Ty = 100°C; c is T; = 200°C; d is T; = 400°C

Puc. 6. PacnipenencHue TeMepaTypbl 3arOTOBKH 110 04ary ae(opMaIiy U BeJUYHWHA CUJTbI, ICHCTBYIOIICH Ha MATPHILY,
B 3aBHCHUMOCTH OT HayaJbHOM TeMIepaTyphl BaJIKOB U MAaTPHUIIBI T IpU TeMIIEpaType 3ar0TOBKH T, paBHOM
550°C: a—T;=80°C; b — T; = 100°C; ¢ — T; = 200°C; d — T; = 400°C

Several billets obtained in the electromagnetic mold
were simultaneously heated to a predetermined temperature
(480550 °C) and kept for 10-15 minutes in an electric re-
sistance furnace. The heating temperature of the billets was
controlled by a chromel-alumel thermocouple and a KSP-3
potentiometer. The rolls were heated to 100 °C in a furnace
to form rolls with nichrome heaters. When the billets and
rolls were heated to the given temperature, the rolls were
rotated, and the billet was set into the caliber of the rolls.

After the billet was gripped by rolls, the tensometric
equipment recorded the force exerted by the metal on the
rolls with the help of mesdoses. Next, the billet was set into
the caliber and reached the die. The die was pressed against
the rolls from below. The billet completely filled the caliber
in front of the die. Then, the billet was squeezed out in the
form of a rod through the calibrating channel of the die. The
force acting on the mesdose installed under the die was
fixed. The dimensions of the caliber chosen for the experi-
ments varied from 15 to 20 mm. The dimensions of the die
were determined by the following two criteria: the feasibility
of the process with minimal energy consumption and the
quality of the obtained extruded rods.

Experiments with the use of the CCRE process were car-
ried out according to the following procedure. The metal that
melted in the crucible via a mixer furnace was fed into the
rolls. At the same time, on the surfaces of the water-cooled
rolls, the crystallized metal was compressed in a closed cali-
ber, pressed out in front of the die, and squeezed out through
the calibrating hole of the die to form a rod of a given shape
and size. The frequency of rotation of the rolls in the experi-
ments was changed at two levels: 4 and 8 rpm, and the melt
temperature was varied at two levels: 750 and 780°C.

The mechanical properties of the rods obtained by the
CRE are given in Table 3, which shows that the change in
the technological parameters also affected the mechanical
properties. The plastic characteristics increase with increas-
ing billet temperature and strain rate, which corresponds to
the generally accepted laws of metal formation. The UTS of
the metal of the rods obtained via the CRE method averages
140-170 MPa, and A = 15-30%.
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To obtain wires from rods via the CRE and CCRE
methods, the following technological stages were used.

1. Preparation of a melt or obtaining a cast billet via
EMM while controlling its structure and properties.

2. Rolling-extrusion, for which the melt or heated billets
were put into a roll caliber (at a temperature of T; = 100 °C),
and hot-extruded rods of various diameters were obtained,
while the surface quality was visually assessed, and samples
were taken to study the microstructure of the rods, as well as
their mechanical properties.

3. Cold sectional rolling was used to obtain a billet for
drawing.

4. The obtained billets were drawn to a given size by
sampling for mechanical testing and metallographic studies.

Ingots from the alloy of the AI-REM system with a di-
ameter of 15 to 18 mm and a length of approximately 1000
mm, obtained by casting into the EMM, served as initial
billets for the research. For the experiments, a combined
processing unit, CRE-200, was used (see Table 2), as were
an AF 200 + 180 R sectional rolling mill and a tenfold
drawing machine, T10 N.F.S.

On the basis of the optimal technological modes of the
CRE and CCRE for processing the investigated alloy, exper-
imental batches of rods with diameters of 9, 7 and 5 mm
were manufactured via the CRE and CCRE methods, which
were subjected to deformation via sectional rolling on mill
AF 200 + 180 R to reduce the transverse dimensions. The
gauges of the rolls of the square-shaped rolling mill had the
following dimensions: 9.2 -83-75-6.8-6.2-55-50 -
45-42-37-34-31-2,8-26-24-22-20-18-16
-15-14-13-12-11-1.0 mm. As a result of sectional
rolling, a square section billet for drawing was obtained with
dimensions of 1.3x1.3 mm. In the next stage, the resulting
wire rod was subjected to cold drawing to obtain a wire with
a diameter of 0.3 mm. Fig. 7 shows examples of semifin-
ished products from the 01417 alloy at various stages of
processing.

The wire microstructure is shown in Fig. 8. The analysis
revealed that the wire obtained via the CRE method has a
uniform cross-sectional structure and a fibrous structure.
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Table 3. Mechanical properties of 01417 alloy rods produced via the CRE method
Tabnuna 3. MexaHnueckue cBoiicTBa mpyTKoB ciiaa 01417, nonxydenusix Mmetogom CIIIT

Parameters Ty =480 °C T, =550 °C
p=4.8 p=2_8.0 p=15.7 n=4.8 n=28.0 p=15.7
£=0.745" A % 19.8 18.4 14.8 27.6 18.7 15.4
' UTS, MPa 142 161 168 155 157 169
£-1495 A % 26.7 22.9 16.4 29.0 22.1 17.7
) UTS, MPa 136 149 153 147 154 165

b

Fig. 7. Extruded and drawn products from alloy 01417 at various stages: a billet from the EMM, a rod with a diameter
of 9 mm, obtained via the CRE method, rods and wire with a diameter of up to 0.3 mm (a); extruded residue, a
rod with a diameter of 7 mm, obtained via the CCRE method, rods and wire with a diameter of up to 0.3 mm
(b); industrial batches of wire with a diameter of 0.5 mm (c)

Puc. 7. IlpeccoBannble 1 TAHYTHIE M3enust n3 craBa 01417 Ha pasHbIX cTaausx: 3aroroBka 3 DMK, npyTok anamer-
poM 9 MM, nosydeHHsl MmetonoM CIIII, npyTku u nposonoka guamerpoM 1o 0,3 MM (a); mpecc-ocTaTok, mpy-
TOK JMaMeTpoM 7 MM, nonydeHHbIil MeTogoM CJIuIIII, mpyTku u mpoBojoka quamerpom 1o 0,3 mm (b); mpo-
MBIIIJIEHHBIE TAPTHH TPOBOJIOKH qrameTpoM 0,5 MM (C)

Fig. 8. Microstructure of wires from alloy 01417, obtained via the CRE method (a, b) and the CCRE method (c—f), with
a diameter of: a is 2.7 mm; b is 0.8 mm; ¢ is 2.0 mm; d is 1.0 mm; e is 0.6 mm; fis 0.3 mm

Puc. 8. MukpocTpykrypa mpoBosiok u3 cruiasa 01417, monyuenasix merogom CIIIT (a, b) 1 metomom CJIullIT
(c-f), nmamerpom: a — 2,7 mm; b — 0,8 mm; ¢ — 2,0 mm; d — 1,0 mm; € — 0,6 mm; F— 0,3 Mmm

The results of changing the mechanical properties of  strength properties with the same plastic characteristics
deformed semifinished products by technological stage  than those obtained via the CRE method. Thus, the 01417
are presented in Table 4. Their analysis revealed that  alloy wire obtained by the proposed technologies via
wires obtained via the CCRE method have greater  combined methods of thermal deformation processing has
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a regulated structure and mechanical properties in ac-
cordance with current standards.

At the final stage of the research, the electrical re-
sistance of the obtained semifinished products was meas-
ured via a “Vitok” measuring device. Measurements of
the electrical resistance of deformed semifinished prod-
ucts obtained by various technologies revealed that the
values of this parameter are in the range of 0.031-0.033
Q-mm?m. Thermal stability studies have shown that at a
temperature of 250 °C, the tensile strength is 160 MPa,
whereas at a temperature of 20 °C, it is 170 MPa. Thus, at
a temperature of 250 °C, the strength decreases by only
6%, which means that the heat resistance of the obtained
products is quite high. Electric conductors were made
from experimental batches of wire from alloy 01417. The
results of scientific research, which consists of the devel-
opment of a technology for producing longish semifin-
ished products from high-alloy alloys of the AI-REM
system intended for the production of wire for electrical
purposes, can improve its efficiency.

Conclusions

Thus, after performing the research, the following main
results were obtained:

The use of a CRE with one driven roll is advisable when
the task is to reduce the dimensions of the unit and its cost,
as well as the energy and power costs of the process.

Modelling of the metal shaping and temperature—
velocity conditions was carried out during an asymmetric
CRE process with one driven roll in the DEFORM 3D soft-

ware package, which made it possible to select velocity,
temperature, and deformation parameters. An analysis of the
temperature conditions typical for the asymmetric CRE
scheme with one driven roll made it possible to identify the
optimal temperature range for heating billets and heating the
extruding and roll tools.

Metallographic studies of the structure were carried out.
The mechanical properties of cast and deformed semifin-
ished products from alloy 01417 were determined at differ-
ent stages of combined processing according to two techno-
logical schemes using the CRE and CCRE methods, and it
was found that the semifinished products have a high level
of strength and plastic characteristics.

The proposed technological regimes provide the regu-
lated structure and properties of wires made of alloy 01417
at the given temperature—speed and deformation parameters
of the process in accordance with the requirements of current
standards, as well as satisfactory values of electrical re-
sistance and thermal stability.

On the basis of the results of this research, it can be
concluded that, to obtain semifinished products, which
are subject to increased requirements for microstructure,
applying the CRE method using a billet obtained in the
EMM is more expedient. If there are no such require-
ments for semifinished products, applying the CCRE
method is more expedient. Batches of wire from alloy
01417 obtained via two methods of combined processing
have passed pilot testing and are recommended for the
manufacture of electrical conductors.

Table 4. Results of the mechanical tests of the products from alloy 01417
Tabnmma 4. Pe3ynsTaThl MeXaHUYECKHUX UCTIBITAHUN M3ewid u3 cruiaa 01417

_— . . Mechanical properties
Semifinished product Sample diameter or size, mm A % | UTS, MPa
CRE
Hot-extruded rod 5.0 15.5 140
7.0 19.0 160
9.0 28.0 170
Rod after sectional rolling 3.7x3.7 12.0 200
3.1x3.1 11.0 210
2.4x2.4 10.5 220
2.2x2.2 9.4 230
1.3x1.3 2.7 250
Wire after drawing 1.0 2.5 320
0.7 1.5 385
0.3 0.8 410
CCRE
Hot-extruded rod 5.0 12.0 240
7.0 13.0 230
9.0 13.5 210
Rod after sectional rolling 3.7x3.7 12.0 200
3.1x3.1 11.0 225
2.4%2.4 10.5 250
2.2x2.2 9.2 255
1.3x1.3 5.6 290
Wire after drawing 1.0 4.2 390
0.7 3.1 390
0.3 0.7 400
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