Cekuis 1. CyyacHi npo6nemu mexaHiku gecopmiBHOro TBepgoro Tina

UDK 621.77.043 DOI: 10.20535/2409-7160.2023.XX1I1.279251

Increasing the mechanical properties of cast aluminum alloy
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Abstract: The paper considers the issues of increasing the mechanical properties of the secondary aluminum alloy AK7.
To improve the properties used the scheme of screw expanding pressing (SUE). The results of experimental studies have
shown that the strength characteristics increase, and their values increase in relation to the source metal by 15%, after
the second treatment by 20%, after the third by 25%. The relative elongation of the samples in the experiments on uniaxial
stretching, practically unchanged. The value of microhardness increases with increasing degree of accumulated
deformation. It is shown that after the third transition in the central zone the value of the accumulated deformation is
approximately equal to the amount of deformation after the first pass in the edge zone.
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In modern mechanical engineering, the use of parts made of cast aluminum alloys is very
promising. The advantages of using cast alloys are as follows: the possibility of obtaining castings of
a complex configuration, which are as close as possible to the dimensions of the finished parts, as
well as the cost-effectiveness of molding. Insufficient stability of operational and physical and
mechanical properties obtained by traditional casting methods narrows the field of application in
responsible structures.

Today, it is more economically profitable to use secondary aluminum alloy smelting [1]. Due
to the presence of harmful impurities (the most harmful impurity is iron, an increase to 1% leads to a
1.2—-1.5 times decrease in the tensile strength limit, the use of secondary material leads to a decrease
in mechanical properties. Due to intensive plastic deformations (IPD) (deformation of alloys under
conditions of large deformations of pure shear) it is possible to increase and shape mechanical
properties. The most common schemes for realizing pure shear deformations are equal-channel
angular pressing [2—4] and screw extrusion [5—6]. In our work, we used the scheme of screw widening
pressing (SWP).

The goal of the work is to improve and form the properties of the secondary aluminum
alloy AK7.

Methodology of research: The melt was produced from secondary charge materials. The liquid
metal was poured into a thin-walled casting mold made of aluminum foil. The pouring temperature
was equal 640°C. Thermal conditions of metal solidification corresponded to casting in sand molds.
Therefore, the content of the mass fraction of iron impurity within 0.8%

The scheme of experimental samples somewhat exceeds the requirements of DSTU 2839-94.
The limit iron content in the alloy according to the requirements of the standard should not exceed
0.6% when casting in sand molds and 1.0% when casting in a mold.

The chemical composition of aluminum alloy AK 7 [9] is given in table. 1. Mechanical
properties in table. 2.

Table 1
Chemical structure, %
Fe .
Float Al Mg Mn 3B K il Si
AK7 basis 0,2-0,5 0,2-0,6 1,1 1,2 1,3 0,6-0,8
AK7q basis 0,2-0,4 — 0,6 1,0 1,5 0,6-0,8
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Table 2
Mechanical properties
Float os, MPa 60,2, MPa 3, %
AK7 240 160 2

Before pressing, heat treatment was carried out according to the hardening regime and short-
term artificial aging: heating according to the hardening regime took place to a temperature of
535+5°C, followed by cooling in water with a temperature of 20—100°C to ensure stable mechanical
properties. After hardening, the aging process was carried out, the workpiece was heated to a
temperature of 150+5°C and kept in the oven for one hour.

The analysis of mechanical properties showed that the strength characteristics increase
depending on the processing cycles. Indicators increase by 15% after the first treatment, by 20% after
the second treatment, by 25% after the third treatment, in relation to the original metal. In experiments
on uniaxial stretching, the relative elongation of the samples does not change.

When the degree of accumulated deformation increases, the value of microhardness increases.
Along the radial coordinate from the center to the edge of the workpiece, the amount of accumulated
deformation increases. Shear deformation causes an increase in microhardness values.

In fig. 1 shows a comparison depending on the accumulated deformation after several passes
of the microstructure of the sample material in the central and edge zones.
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Fig. 1. Comparison of the value of the accumulated intensity of deformations for one (1), two (2), three (3)
passes and the effect of this deformation on the structure of the workpiece material

It is shown that in the central zone after the third pass, the amount of accumulated deformation
is close to the amount of deformation after the first pass in the edge zone. This is confirmed by the
results of metallographic analysis.

Conclusions

The analysis of mechanical properties showed that the strength characteristics increase
depending on the processing cycles. Indicators increase by 15% after the first treatment, by 20% after
the second treatment, by 25% after the third treatment, in relation to the original metal. The amount
of microhardness increases with an increase in the degree of accumulated deformation. It is shown
that in the central zone after the third pass, the amount of accumulated deformation is close to the
amount of deformation after the first pass in the edge zone. This is confirmed by the results of
metallographic analysis.

28 DOPYM IKEHEPIB MEXAHIKIB



Cekuis 1. CyyacHi npo6nemu mexaHiku gecopmiBHOro TBepaoro Tina

Reference

1. Hynts E.Ch. Foundry production in the 20th century Analysis of the origins. Foundry production 2002, No. 7, pp. 6-8.

2. Voznyak Yuri The effect of radiation treatment on mechanical and thermal properties of semicrystalline polymers
processed by severe plastic deformation / Yu. Voznyak // Macromolecular Research. 2017. Vol. 25, Ne 1. pp. 38—44.

3. D. Reinitz Alexander Equal channel angular extrusion of ultra-high molecular weight polyethylene / D. Reinitz
Alexander, J. Engler Evan, M. Carlson Douglas, W. Van Citters Materials // Science and Engineering: C. — 2016.
Vol. 67. pp. 623-628.

4. Yan Beygelzimer, Roman Kulagin, Yuri Estrin. Severe Plastic Deformation as a Way to Produce Architectured
Materials. In book: Architectured Materials in Nature and Engineering, Eds. Y. Estrin, Y. Brechet, J. Dunlop, P.
Fratzl. R. Dendievel, Springer, 2018. (in press)

5. ValievR.Z. Principles of equal-channel angular pressing as a processing tool for grain refinement / R.Z. Valiev,
T.G.Langdon // Prog. Mat. Sci. — 2006. V. 51. pp. 881-981.

6. Chengpeng W, Fuguo L., Qinghua L., Lie W. Numerical and experimetal studies of pure copper processed by a new
severe plastic deformation method Materials Science and Engineering A 548 (June 2012) PP19-26

7. Patent 64346 of Ukraine, [IPC B21C25/00 Matrix for strengthening material during repeated pressing /V.A. Titov,
M.S. Tryvaylo, N.K. Zlochevska, E.V. Kondratyuk, G.I. Peychev. No. u201102822; statement 10.03.2011; published
10.11.2011, Bull. 21.

8. Zlochevska N.K. Some regularities in the formation of structural properties of the AK7ch casting alloy under
conditions of intense plastic deformations / N.K. Zlochevska, V.M. Duka, V.V. Pimanov, P.S. Vyshnevskyi //
Bulletin of NTUU "Kyiv Polytechnic Institute", "Mechanical Engineering" series. — 2011. - No. 62. pp. 251-254

IMigBunIeHHsT MeXaHIYHUX BJIACTHBOCTEH JUBAPHOTIO AJIOMIHIEBOTO CIJIABY
H.K. 3104eBcbka, B.A. Tito, B.B. IBanuus

Anomayin: Posensinymo numanis niosuujenHs MexXaniuvHux 61acmueocmell 8MOpPUHHo20 anominiesoco cnaasy AK7. [lns
niOBUWEHHA 61ACMUBOCEN BUKOPUCIANU CXeMY 2BUHIMOB020 YWUPAIOY020 npecysanus. Pesynomamu excnepu-
MEHMANbHUX O0CHIOHCeHb NOKA3AU, WO NIOBUWYIOMbCA Xapakmepucmuku miynocmi. Ilokasnuku nioguwyromscsa Ha
15% nicna nepwoi 06pobru, na 20% nicaa opyeoi 06pobru, na 25% nicas mpemvoi 00poOKu, no GiOHOWEHHIO 00
suxionozo memarny. Ilpu docnioax Ha 00HOGICHe po3MA2Y8aHHI 6I0HOCHE BUOOBIHCEHHS 3pA3KI8, He 3MIHIOEMbCA. Benuyuna
MIKpOmMBEpOOCmI 30IbULyEMbCsi npU 30i1buleHii CyneHio HakonuueHoi degpopmayii. [lokazano, wo 6 yenmpanviii 30Hi
nicisi mpemvo2o nepexody eIutUHA HaKonuyenoi depopmayii nabaudiceno 00 genudunu degopmayii nicis nepulozo
npoxooy 8 Kpauosit 30Hi.

KawouoBi cioBa: esunmoge ywupsioue npecysamnns, oeopmayii 3¢ygy, niacmuuna oe@opmayis, GMOPUHHUL ATI0-
MiHI€8UTI CNAB, MEXAHIYHI 81ACMUBOCII.
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