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Abstract. The study is devoted to the preparation of the AlMgSil (6082)
aluminum alloy for the study of its mechanical and physico-chemical properties
under rolling conditions. The purpose of the work is to develop a methodology
for preparing an alloy that provides reproducible analysis of its properties. The
main directions include the study of rheological and plastic properties of the
material, as well as thermal effects during deformation

The scientific significance of the work lies in the analysis of the effect of heat
treatment and deformation parameters on the plastic fluidity and corrosion
resistance of the alloy. The practical significance lies in improving the quality
of materials for various industrial applications. The methodology included
experiments with heat treatment and rolling, analysis of the microstructure
and mechanical properties of the alloy. The tests were carried out on samples at
different temperatures and strain rates using the STD 812 torsion plastomer.

The results showed that the plasticizing stress of the alloy increases with
deformation at low temperatures and decreases at high temperatures. The
conclusions confirm the significant influence of temperature and strain rate on
the properties of the alloy.
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Introduction

For the correct acceptance of boundary conditions in numerical modeling and the correct
development of new or modification of existing technologies for rolling round rods, itis necessary
to know the relationship between the value of the plasticizing stress and the deformation and
temperature parameters of the alloy under study. The properties of the deformable material
have a significant impact, among other things, on its plastic fluidity in the rolling basin, therefore,
in order to increase the accuracy of the results of computer modeling of the rolling process, it
was necessary to use real curves of plastic fluidity of the material under study. Therefore, the
study of the rheological, plastic properties of the material and the determination of the thermal
effect during the deformation of the AIMgSi1 aluminum alloy allows us to further increase the
reliability of the rolling process simulation [1].

The methodology

Based on the analysis of the technology of rolling bars in a three-roll inclined mill, it was
found that this process is characterized by a wide range of changes in deformation parameters
and temperature. The average deformation rate under rolling conditions can reach 10 s-1, and
the total actual deformation is about 4.

Therefore, it was necessary to develop real plastic yield curves for the material under study
for the entire range of changes in temperature and deformation parameters.

This part of the study also includes the conversion of the results obtained in the form of an
analytical formula into a form that can be entered into the database of materials in the Rheology
program [2].

These tests were carried out at the Institute of Plastic Processing and Safety Engineering
(Czestochowa, Poland) during the doctoral student's scientific internship. The hardening
curves of the AIMgSil aluminum alloy were determined based on torsion tests using the STD
812 - Thermoanalyse GmbH torsion plastomer (Fig. 1), and the main technical parameters of
the device are presented in Table 1.

Figure 1. Torsion plastomer STD 812: a) - general view; b) — working chamber with a fixed sample
1 - Sample, 2 - fixing cartridges, 3 - S- type thermocouples, 4-inductor, 5-cooling system nozzles,
6-pyrometer, 7-laser measurement sensors sample diameter
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Table 1. The main parameters of the STD 812 torsion plastometer

Heating principle: Induction
Maximum test temperature: 1500 °C
Heating and cooling speed: up to 100K / s
Minimum time between successive deformations: | 60 ms

Atmosphere:

clearance 10-4 bar, inert gas, air

Torsion

Rotation speed:

up to 500 rpm

Number of revolutions: up to 30
Torque: up to 50 Nm
Deformation speed: up to 60 s-1

Stretching and compressing

Changing the length:

about 15 mm

Deformation speed:

upto30mm /s

Force during deformation:

up to 25 kN

Deformation speed:

up to 1.0 s-1

Actual deformation:

dependent on sample size

The device allows twisting with simultaneous stretching or compression

Dependence (1) was used to calculate the amount of actual deformation during twisting
in the torsion plastometer control software, whereas the actual deformation rate was
determined by dependence (2). The plasticizing stress is determined by the formula (3):

where:
r — the radius of the sample;
L - the length of the sample;

N - the number of twists (revolutions) of the sample;

N - torsion speed (rotation speed);
M - the torque.

(1)
(2)
(3)

For studies related to the determination of the hardening curves of the AIMgSi1 aluminum
alloy, samples with a cylindrical working part with a diameter of 6 mm and a length of 10 mm

were used (Fig. 2).
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Figure 2. Sample of the plastometric test for the STD 812 torsion Plastomer

The tests were carried out at temperatures of 150, 200, 250, 300 and 350 °C for deformation
rates of 0.1; 1.0 and 10.0 s'. The samples were deformed to failure, whereas approximations
were performed for the actual deformation e=4.

For practical use of plastometric studies and to obtain a mathematical relationship between
the value of the plasticizing stress op [MPa] and the deformation parameters (t, €, €), these
results were approximated by the Hansel-Spittel equation:

0y = my £ (") exp (my - )(1 + )T - gma g ey (my ) (4

where:

€ - the actual deformation, s;

¢- the deformation rate, s;

t — the temperature, °C;

m1+m9 - coefficients depending on the grade of the studied material.

Rheology software was used for statistical processing of the obtained results, where it is
possible to introduce a large number of functions approximating plasticizing stress, depending
on strain, strain rate and temperature. This allows you to determine the coefficients of the
approximating function specified by the user, or automatically search for the most accurate
approximating function in the existing database of functions [3].

Findings/Discussions
The obtained values of the parameters determining the approximating function (Fig.3),

which were used during the numerically simulated rolling mill process in a three-roll inclined
rolling mill, are shown in Table 2.
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Table 2. Parameters of the function (Fig. 3) approximating the results of plastometric tests of AIMgSi1

aluminum alloy

m, m, m, m, m, m, m, m, m, medium
pale

1,36610 | 0,31149 | 0,00018 | 0,06608 | -0,00270 | -0,09845 | 0,00054 | 1,32965 | -0,00908 | 0,80430

The results of the approximation of the reinforcement curves (dotted lines) and experimental
data (solid lines) for the studied aluminum alloy are shown in Figures 3-7.
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Figure 3. Hardening curves of AlMgSi1 aluminum alloy deformed at a temperature of 150 °C with
deformation rates of 0.1; 1.0 and 10.0 s™*
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Figure 4. Hardening curves of AIMgSil aluminum alloy deformed at a temperature of 200 °C with
deformation rates of 0.1; 1.0 and 10.0 s™*
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Figure 5. Hardening curves of AlMgSil aluminum alloy deformed at a temperature of 250 °C with
deformation rates of 0.1; 1.0 and 10.0 s-!
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Figure 6. Hardening curves of AlIMgSil aluminum alloy deformed at a temperature of 300 °C with
deformation rates of 0.1; 1.0 and 10.0 s!
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Figure 7. Hardening curves of AlIMgSil aluminum alloy deformed at a temperature of 350 °C with
deformation rates of 0.1; 1.0 and 10.0 s!

Based on the conducted studies, it can be concluded that there is a great influence of
temperature and deformation parameters on the deformation value of the plasticizing aluminum
alloy AlMgSi1 [4].

Analyzing the effect of the sample temperature on the value of the plasticizing stress, it can
be seen that for the same deformation rates, the plasticizing stress of the alloy under study
reaches the highest values at a temperature of 150 ° C, and with an increase in the sample
temperature, the value of the plasticizing stress for the same deformation rates decreases. For
the corresponding deformation rates, the lowest values of the plasticizing stress of the alloy
under study occurred at a temperature of 350 °C [5,6].

From the analysis of the waveform of the real and approximated hardening curves of the
studied aluminum alloy, it follows that in the studied range of deformation parameters, a large
agreement was obtained between the actual values of the plasticizing stress and the values
obtained as a result of approximation.

Figure 8 shows the dependences of the ultimate deformation of the AIMgSil alloy as a
function of temperature and deformation rate.
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Figure 8. Dependence of the ultimate deformation of the AIMgSi1 aluminum alloy on changes
in temperature and deformation rate

From the data shown in Figure 8, it follows that, with the exception of the case of deformation
of samples at a temperature of 300° C, with an increase in the deformation rate at the same
temperature, the values of the limiting deformation decrease. The highest value of the ultimate
deformation occurs at temperatures of 250 and 300°C and at a deformation rate of 0.1s-1.

On the contrary, at a temperature of 300 °C, the maximum limit deformation (~ 20) occurs at
a deformation rate of 1 s-1. This behavior of the material at this temperature may be the result
of microstructural changes [7]. The results of dilatometric studies show that at temperatures
above 279 °C in this structural state, a change in the shape of the curve is observed, reflecting
differences in the length of the sample, which indicates the course of dissolution of intermetallic
compounds.

Determination of the emission capacity of AIMgSil aluminum alloy

One of the key parameters for the correct determination of the measured temperature of the
test object using a thermal imaging camera is the precise determination of its emissivity, which
was determined experimentally for the AIMgSil aluminum alloy.

A description of the methods for determining the emissivity can be found, among other
things, in [8].

The method presented in the paper was used to determine the emissivity of the tested
aluminum alloy. It consists in determining the emissivity of the object under study based on
a contact temperature measurement. According to this method, it is necessary to set such a
value of the emissivity in the thermal imaging camera so that the temperature of the material
determined by the camera is the same as that determined by the contact method. The value of
the emissivity is then equal to the emissivity of the surface of the material under study.
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For studies related to the determination of the emission capacity of the AIMgSil aluminum
alloy, the STD 812 torsion Plastomer from Thermoanalyse GmbH and the ThermaCAM SC640
thermal imaging camera (Fig. 9) from FLIR Systems were used, which provides:

- excellent image quality saved in JPEG format with complete radiometric data;

- accurate non-contact temperature measurement from -40 °C to +2000°C;

- image in visible and infrared light;

- the ability to enter text and voice notes;

- Bluetooth and IRDA wireless communication;

- autofocus;

- fast image transfer to a computer;

- software for creating professional reports on measurements.

Figure 9. Thermal imaging camera ThermaCAM SC640

Samples with a working part diameter of 6 mm and a length of 10 mm were used for testing.
Holes were made in the side wall of the samples, into which two K-type thermocouples were
placed just below the surface of the samples. The samples were then placed in the chamber of
the STD 812 torsion plastomer and heated to the appropriate temperatures from 150 to 350
°C. After reaching the desired temperature in the entire volume of samples, the emission value
in the thermal imaging camera was adjusted so that it indicated the same temperature as with
thermocouples. Thermacam Researcher Professional software is used to process the results
obtained [9,10].

An example of a thermogram with object parameters is shown in Figure 10.

JLH. 'ymusnee amvindarsl Eypasus yaimmoik yHusepcumeminiy XABAPIBICHI. N22(147)/ 2024 239
TexHUKA/IbIK FbIALIMOAP HCIHE MEXHOA02USNAD CEPUSIChI
ISSN: 2616-7263. elSSN: 2663-1261



Rail Sovetbayev, Yerik Nugman, Yerzhan Shayakhmetov, Anna Kawalek

Object parameters Value
Emissivity 0,40
Distance 0.3m
Reflected temperature 20,0°C
Air temperature 20,0°C
Relative humidity 50%
Temperature at point Spl | 150°C

Figure 10. Temperature distribution in the sample recorded at a temperature of 150 °C:
a) thermogram, b) object parameters

Figure 11 shows a graph of changes in the emission capacity of the tested aluminum alloy for a
temperature range of 150+350°C.
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Figure 11. Changes in the emission capacity of AIMgSi1 aluminum alloy in the temperature range
150+350 °C
Conclusion

Based on the obtained research results, it can be concluded that the nature of the flow curves
of the AIMgSi1 plastic alloy is similar for the entire range of studies conducted. From the analysis
of the data presented in Figures 3-7, it follows that with increasing deformation, the value of the
plasticizing stress of the studied aluminum alloy increases monotonously for temperatures of
150 and 200 °C and takes a constant value for a temperature of 250 °C. At temperatures of 300
and 350 ° C, with strain values up to 0.5, the value of the plasticizing stress increases, and with
large deformations it monotonously decreases.
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From the conducted plastimetric studies of the AlMgSil alloy, it follows that there is a
significant influence of deformation, temperature and deformation rate on the value of its
plasticizing stress.

With an increase in the deformation rate, a simultaneous increase in the value of the
plasticizing stress occurs, while due to an increase in the temperature of the alloy under study,
a decrease in this stress is observed.

Based on the conducted studies related to the determination of the emission capacity of
the aluminum alloy under study, it was found that in the temperature range of 150-150 °c, its
emission capacity varies in the range of 0.40+0.08. As the temperature increases, the value of
the emission capacity decreases (Fig. 11).
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AlMgSil (6082) anioMuHMI KOPBITHACBIH WIEeMJeY KaFJailbIH/ia MeXaHUKAJIBIK *KoHe ¢pu3uKa-
XUMMSUJIBIK KaCUeTTepiH 3epTTeyre JalbIHAAy

Angarna. 3eprtey AlMgSil (6082) afroMUHUM KOPBITIIAChIH UJIEM/IEY KaFlalbIH/|a OHbIH, MEXaHU-
KaJIbIK *KoHe (QU3MKa-XHMHUSJIBIK KAaCHUETTEePiH 3epTTeyre JalblHAAyFa OafbITTajNfaH. JKYMBICTBIH
MaKcCaThbl — OHbIH, KaCUeTTepiH KalTasaHaTbIH TaaAaybl KAMTaMachli3 eTeTiH KOpPbITIaHbI JalblHAAY
dlicTeMeciH a3ipsiey. Heri3ri 6aFbITTapFa MaTepUas/iblH, PEOJIOTHUSJIBIK XoHe MJIaCTUKaAJbIK KaCHeT-
TepiH, COHJAaN-aK JebopMalUsAAaFhl XKbLIY dcepJsepiH 3epTTey Kipeai.

2KyMBICTBIH FBIJIBIMA MaHbI3/IbLIBIFbI TEPMUSJIBIK OHAEY/IiH XoHe JedopMalus napaMeTpJiepiHi,
KOPBITIIAHBIH, IJIACTUKAJIBIK aKKbIIITBHIFBI MeH KOpPpO3UsiFa Te3iM/ijiriHe acepiH Tajjgay 6OJIbII
TabbLIa bl [IpaKTHKAIBIK MaHbI3/bLJIBIFbI — 9PTYPJIi OHEPKICINTIK KOChIMINIAAap YIIiH MaTepuagap-
JbIH CallacblH apTThIpyAa. O/liCTEMe TePMUSAJIBIK 6HAEY KoHE WaeM/ey 3KCIIepUMEHTTEPIH, KOpPbITHA-
HbIH MUKPOKYPbLJIbIMbI MEH MEeXaHUKaJIbIK KaCHeTTepiH Tanjayabl KaMTblibl. CbiHakTap STD 812 6ypany
IJIACTOMEDPiH KoJ1aHa OThIPHII, dPTYPJii TeMnepaTypaiap MeH AepopMaliys Xbl1JaMAbIKTapbIHAAFbI
yJrijiepae *Kyprisiizi.

HaTmxkenep KOpbITHAaHbIH, IIaCTUQUKALMA KepHeyi TeMeH TeMIieparypaja AedpopMarnusMeH
»KOFapbLIaUThIHBIH XKoHE KOFaphl TeMIlepaTypaja ToMeHJelTiHiH KkepceTTi. HoTukesep TeMnepaTtypa
MeH JebopMaliys KblIJaM/bIFbIHbIH KOPbITIIA KACUeTTepiHe alTapJ ibIKTal acepiH pacTai/ibl.

Ty#iH ce3gep: uneMaey npoliieci, aJlOMUHHUUN KOPBITHACKI, CO3bLIY, AedpopMalivs, IMUCCUsI KabieTi,
MJIaCTUKAJIbIK aKKbILIThIK.
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IloaroToBKa aalMHHUEBOro ciyiaBa AIMgSil (6082) k ucciie0BaHHI0O MEXaHUYECKHX U
$M3MKO-XMMHUYECKUX CBOICTB B YCJIOBUSX NPOKATKHU

AHHoOTanusa. HcciegoBaHue NOCBSILIEHO MOATOTOBKe alloMUHMeBoro crmuaBa AlMgSil (6082)
K HMCCJIEJIOBAHHI0 €ro MeXaHWYeCKUX U QU3UKO-XMMHYECKHUX CBOUCTB B YCJIOBHSAX HMPOKATKH. llesb
paboThl - pa3paboTka METOJUKH MOATOTOBKHU CIJIaBa, obecneyrBarolleil BOCIPOU3BOAMMbIN aHAIU3
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Preparation of AIMgSil (6082) aluminum alloy for the study of mechanical and physico-chemical properties
in the rolling process

ero CBONCTB. OCHOBHbIE HaNpaBJIeHUS BKJIIOYAIOT H3yYeHHE PeOJIOTUYECKUX U TJIACTUYHBIX CBOMCTB
MaTepHuasa, a TaKXKe TelIoBbIX 3¢¢deKToB npu JebopMaunu. HayyHast 3HaYUMMOCThb PabOThI 3aKIH0YAETCS
B aHaJIM3€ BJIMUSHUS TEPMUYECKON 06pabOTKHU U MapaMeTpoB AedpopMalivu Ha MJIACTUYECKYI0 TEKYYECTh U
KOPPO3HWOHHYI0 CTOMKOCTB crjiaBa. [IpakTudeckas 3HaUMMOCTbD — B MIOBBIILIEHUH KaueCTBa MaTepUasIoB AJIs
Pa3/IMYHbIX MPOMBILJIEHHBIX IPUMEHEHUN. MeTo[,0/10r Ul BKJIKOYa/Ia SKCIIEPUMEHTHI C TEPMUYECKOU
06pabOTKON U NMPOKATKOW, aHAJIM3 MUKPOCTPYKTYpPbl U MeXaHUYECKUX CBOWCTB CIlJIaBa. McnbITaHUA
NIPOBOJIMJIMCh HA 06pas3Iax MPU Pa3HbIX TeMIEPaATypax U CKOPOCTIX AedopMallH C UCII0Jb30BaHUEM
macroMepa kpydyenusa STD 812.

Pe3ysbTaThl MOKa3aly, 4YTO I[JIACTUQUIMPYIOLee HANpPsSHKEHWE CIJIaBa YBEJUYUBAETCAd C
JebopManyell MpyU HU3KUX TeMIlepaTypaxX M yMeHbIIAaeTcs NPU BBICOKUX TeMIepaTypax. BeiBogbl
NOATBEPXKAAIOT 3HAYUTEJILHOE BJIUSHHE TEMIIEPATYPHI U CKOPOCTH JledopMaly HA CBOMCTRBA CIJIaBa.

KiioueBble cJ10Ba: Mpoliecc NPOKaTKH, aJllOMUHUEBBIN CIIJIaB, pacTsKeHue, AedopMaliys, SMUCCU-
OHHasl CIOCOGHOCTD, MJIACTUYECKAs TEKY4eCTb.
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