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Among many aluminium alloys, high-strength casting ‘aluminium-copper’
alloys are ones of the main structural materials in aircraft construction. Ac-
cording to the results of the latest research by specialists from different
countries of the world, these alloys also have a perspective for application at
manufacturing of parts (hulls and pistons) of engines for the aviation and
automotive equipment. However, presence of toxic (cadmium) or expensive
(silver) components in the composition of such alloys as strengthening addi-
tives limits significantly the potential of their industrial production and
practical application. We propose using the energy of electromagnetic fields
and magnetohydrodynamic (MHD) effects to process the alloy in liquid state.
Implementation of such actions takes place in specialized casting magneto-
dynamic installation. The developed MHD processing of melts ensures refin-
ing of the structure and increasing main mechanical properties of aluminium
alloys in the solid state. Actually, it is some kind of physical modifying with-
out reagents. Regarding high-strength casting ‘aluminium-copper’ alloys,
their MHD-processing in the liquid state in a foundry magnetodynamic in-
stallation allows to ensure quite high level of strength and plasticity even
without application of strengthening additives. At the same time, the stand-
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ard-compliant level of the main technological properties (mainly fluidity and
hot cracking susceptibility) is ensured. This indicates the possibility of ob-
taining thin-walled parts of complicated geometry from such alloys by cast-
ing methods. Further research will be focused on improving the mechanical
and operational properties of experimental ‘aluminium—copper’ alloys due to
the introduction of non-toxic and relatively cheap strengthening and modify-
ing additives.

Key words: high-strength casting ‘aluminium—copper’ alloys, magnetohy-
drodynamic (MHD) processing, structure, strength, elongation, fluidity, hot
cracking susceptibility.

Cepen 6araThbox aJOMiHIIOBUX CTOIIiB caMe BUCOKOMIITHI JMBAPHI CTOIIM CHUC-
TeMU «aAJIOMIHIiH—Mib» € OMHUMU 3 OCHOBHUX KOHCTPYKIIIMHUX MaTepPiaIiB y
aBiabymyBanHi. 3a pesyjbTaTaM¥ HOBITHiX mociimkeHb (axiBIiB 3 pisHmX
KpaiH cBiTy IIi CTONM TAKOK MAIOTh IIEPCIEKTUBY II0J0 3aCTOCYBAHHS JIJIA BU-
TOTOBJIEHHI KOPIYCiB i feTasiB gBuTyHiB aBianiiiHoi i1 aBTOMOGiIBEHOI TEXHIKY.
OmHaK HASIBHICTD y CKJAi TAKUX CTOIIB Y AKOCTI 3MIiITHIOBATBLHUX T00ABOK
TOKCHUUYHUX (KaaMiit) abo moporux (cpibiio) KOMIIOHEHTIB iCTOTHO 00MeIKy€e mo-
TEHI[iAJ IPOMUCJIOBOTO BUPOOHUITBA IX i IPAKTMUYHOIO 3aCTOCYBaHH:A. 3a-
TIPOTIOHOBAHO BUKOPHCTOBYBATHY €HEPTiio eJIeKTPOMATrHeTHUX IIOJiB i Mar#ero-
rigpoguuaamiuni (MI'IT) ederTu gnsa obpobieHHs cTOIly B pigkomy craHi. Pea-
Jisaria Takux il BimOyBaeThcA Y CIEIiAJid0BaHill JuBapHill MarHeToguWHA-
MiuHi# yeTamoBIli. Po3pobaere MI'l-06pobiaeHHsS pO3TOMiB 3a0e3meuye moapi-
OHEHHA CTPYKTYPU Ta 3POCTAHHA OCHOBHUX MEXAHIUHWX BJIACTHBOCTEH ajio-
MiHiOBUX CTOWIB y TBepAOMY CTaHi Ta € haxTuuHO QisuyHUM Moxu(iKyBaH-
HAM IiXx. CTOCOBHO BHCOKOMIITHWX JWBAPHUX CTOIIIB CHUCTEMM! «aJIOMiHilI—
Mineb», To MI'[[-00pobsieHHEA iX y pifKOMY cTaHi y JIMBapHiil MarHeToquHaMid-
Hilf yCTAHOBIII YMOMKJIMBIIIOE 3a0€3IIEeUNTH JOCTATHBO BUCOKHUI PiBeHDb MiITHiC-
HUX i IJaCTUYHUX BJIACTMBOCTEHN HaBITHL 0€3 3aCTOCYBAHHSA 3MIiITHIOBAJIBLHUX
Iob6aBoK. Ilum cmocobom 3abe3meuyeThCs BiATTOBIAHUI cTaHgapTaM PiBeHb OC-
HOBHUX TEXHOJIOTIiYHUX BJIACTUBOCTEH (IepenyciM PiqKOIJIMHHOCTY Ta CXUJIb-
HOCTH [0 YTBOPEHHA rapauux TpimuH). Ile cBigunTh Ipo MOKIUBICTL Onxep-
JKAHHA 3 TAKUX CTOIIB MEeTOAAMMU JUTTSA TOHKOCTIHHUX JEeTAJIiB CKJIALHOI KOH-
diryparii. ITomanbini mocaimxeHHs OyAyTh Opi€HTOBaHI Ha IMiABUINEHHA Me-
XaHIYHUX i eKCILUTyaTanifHNX BIACTUBOCTEN eKCIePUMEHTAJIbHUX CTOIIB CHC-
TeMU «aJIOMiHiH—Migb» 32 paXyHOK BBeJeHHSI HETOKCUYHUX i BITHOCHO Aeliie-
BUX 3MiITHIOBaJBHUX i MOAM(DiKyBaIbHUX T00AaBOK.

KarouoBi ciioBa: BUCOKOMIITHI TMBAPHI CTONY CUCTEMHU «aJTIOMiHIA—Miab», Ma-
rHetorinponmaamiune (MI'I) o6pobieHHsA, CTPYKTypa, MinHicTb, BimHOCHE
BUIOBKEHHSA, PiAKOIINHHICTD, CXUJIBHICTD 0 YTBOPEHHSA rapAYNX TPillTUH.

(Received 27 July, 2023, in final version, 5 August, 2023)

1. INTRODUCTION

The development of various branches of mechanical engineering neces-
sitates the need to enhance the levels of mechanical, physical, techno-
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logical, operational, and other properties of existing materials, partic-
ularly aluminium alloys widely used in the structures of modern ma-
chines and mechanisms for the production of high-tech equipment,
primarily in aerospace, automotive, transportation, energy, and other
industries. Therefore, the development of new technologies and
equipment that will enable the practical implementation of these tasks
is a relevant and promising direction for the advancement of science,
technology, and industrial production.

Principal features of casting aluminium alloys are the unique com-
bination of their physical properties (relatively low density), mechani-
cal properties (high strength), and technological properties (for exam-
ple, comparatively low preparation and casting temperatures), as well
as their preference for operational temperature-time parameters (in-
cluding cyclic strength). Most importantly, they offer the capability of
obtaining complex-shaped parts through casting methods.

A special place is occupied by high-strength casting Al-Cu alloys, as
they can compete with steels and titanium alloys in terms of specific
strength (the strength-to-density ratio) can compete with steels and
titanium alloys, and due to their significantly lower specific gravity,
they have long been one of the main structural materials in the aircraft
industry. On average, the total mass components from high-strength
casting Al-Cu alloys in an aircraft amount to 300 kg, and in large air-
craft, it can reach 2000 kg. Moreover, in recent years, developers,
manufacturers, and consumers of such materials have been unsuccess-
fully striving to expand the scope of their application to the production
of aircraft engine parts, both hull [1] and piston group [2, 3].

However, on this path, researchers and production workers have to
solve a number of complex problems. For instance, the most common
high-strength casting Al-Cu alloys include either the toxic element
cadmium (AM4.5Cd alloy according to GOST 1583—-93)[4, 5] or the ex-
pensive element silver [6] as a strengthening additive. Meanwhile, al-
loy counterparts without such additives exhibit significantly lower
strength characteristics [6]. Moreover, due to the specific composition
of these alloys (strict regulation of copper content within 4-5.5% by
weight and silicon content not exceeding 0.2%) and in accordance with
the state diagram of the Al-Cu system [7, 8], these materials have a
wide solidification range. This leads to unsatisfactory casting proper-
ties, primarily low fluidity, and increased susceptibility to hot crack-
ing during solidification, significantly limiting the ability to produce
casings, especially thin-walled and critical components.

Therefore, experts worldwide strive to address these issues while
ensuring environmental safety, economic feasibility, and relative
technical and technological simplicity. These efforts are based on the
development of new alloy compositions, melt preparation and out-of-
furnace processing in the liquid state, the application of external phys-
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ical effects, special casting methods, and heated modes[2, 3, 9-11].

In Ukraine, scientists from the Physical and Technological Institute
of Metals and Alloys (PTIMA) and G. V. Kurdyumov Institute for Metal
Physics (IMP) of the National Academy of Sciences of Ukraine have ac-
cumulated significant experience application of the energy of electro-
magnetic fields for processing casting aluminium alloys (both silumins
and high-strength ones), with subsequent improvement of their struc-
ture and mechanical properties in the as-cast and heat-treated states
[12-14].

2. EXPERIMENT PROCEDURE

At the first stage, the authors concentrated their efforts on the follow-
ing research directions: 1) preparation of an experimental high-
strength casting Al-Cu alloy, including the use of electromagnetic
fields and magnetohydrodynamic (MHD) effects; 2) investigation of
the structure and basic mechanical properties of the experimental al-
loy, comparing them with the properties of analogous alloys and re-
quirements of the standards; 3) study of the main casting properties of
the experimental alloy, particularly fluidity and susceptibility to hot
cracking.

2.1. Features of Preparing the Experimental Alloy Using a Casting
Magnetodynamic Installation

To verify the developed scientific approaches and technical solutions,
an experimental batch (up to 100 kg) of an Al-Cu alloy was prepared,
with its chemical composition in terms of major elements matching
that of the most common high-strength aluminium casting alloys:
AM4.5Kd (Ukraine) and A201 (USA) [6]. However, at this stage of the
research, the experimental alloy did not include the strengthening ad-
ditives typically present in standard alloys, such as the toxic cadmium
or expensive silver. It should be noted that alloy analogues without such
additives are known, such as AC1B (Japan) and A-U5GT (France) [6].

For the preparation of the experimental alloy, an experimental-
industrial casting magnetohydrodynamic installation MDI-6A (Fig. 1)
was used [12, 15].

The main function of the MDI is to provide the desired temperature
of the liquid metal bath in the channel through adjustable induction
heating, electromagnetic stirring by creating various modes of melt
circulation (Fig. 2), perform controlled electromagnetic pouring of the
liquid alloy into different metal receptacle, and, thus, technologically,
the MDI functions as a mixer-batcher for liquid metal.

In obtaining the experimental alloy, two fundamentally new techno-
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a

Fig. 1. External view (a) and general scheme (b) of the magnetohydrodynamic
installation MDI-6A: 1 —crucible; 2, 3, 4—branches of the induction channel;
5—closed magnetic cores of the inductors; 6—inductor coils; 7—open mag-
netic core of the electromagnet; 8—electromagnet coils; 9—detachable metal
duct; 10—crucible cover.

logical schemes for processing aluminium melt in the MDI were em-
ployed. The first type of processing, the complex MHD thermal &
forced one, is realized through physical factors, while the second type
(complex refining) involves the use of refining reagents and corre-
sponding technological equipment.

In the liquid metal filling the induction channel of the MDI, a varia-
ble electric current is generated (with a density of up to 20-106 A/m?),
as well as a variable magnetic field (up to 0.3 T) and a volumetric elec-
tromagnetic force (up to 60-103 N/m?), which moves the molten metal
in the form of a submerged jet from the channel into the liquid metal
bath in the crucible. Electromagnetic pressure is also created in the
channel (up to 2.5-10° Pa) and electromagnetic vibration at a frequency
of 100 Hz, can occur a controlled pinch effect, which is the compres-

Fig. 2. Main schemes of melt circulation in the MDI under the influence of
electromagnetic forces and MHD-effects: melt outflow mode from the central
branch of the channel (a); melt suction mode into the central branch of the
channel (b); mirror-symmetrical modes of lateral mixing (c, d).
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sion of the liquid metal conductor with its own magnetic field, accom-
panied by local overheating and rarefaction in the melt. Additionally,
vortex motion of the molten metal occurs in the channel itself and its
outfalls due to MHD effects. The movement of the melt in the MDI
bath influences predominantly by purely hydrodynamic effects.

Thus, during the residence time in the MHDU, the liquid alloy is
subjected to sequential and multiple thermal and force effects, which,
according to the theory of the liquid state of metallic melts, lead to
dispersion of microneighbourhood regions within them and subse-
quently to the refinement of the structural components of solidified
alloys [16—-19].

In the continuation of the research previously conducted at the In-
stitute for PTIMA NAS of Ukraine [20], it has been demonstrated that
thermal&forced MHD processing of liquid aluminium alloys in the
MDI can exert a physical impact on the liquid state of the metallic me-
dium, comparable to the effect of modification, but without the use of
substances-modifiers. This is manifested in the destruction of areas of
microinhomogeneities caused by negative metallurgical inheritance of
the charge and the technology of alloy preparation. These effects are
further observed in the solid state of the alloy, leading to changes in its
structure and primarily the improvement of plastic properties, which
are more structurally sensitive characteristics compared to strength
indicators. According to previous research conducted on hypo- and hy-
pereutectic silumins, such MHD processing provides a certain increase
in strength (up to 15—20%) and a significant increase (up to 2—4 times)
in elongation compared to the standard requirements, including inter-
national standards, for aluminium alloys obtained through traditional
melting technologies, processing, and pouring techniques [12, 21].

In addition, to ensure a high level of purity of the experimental alloy
from hydrogen and non-metallic inclusions, a comprehensive refining
scheme developed at the PTIMA NAS of Ukraine was applied. The
complex t processing in MDI includes argon blowing of the aluminium
melt in a controlled atmosphere with simultaneous multiple circula-
tion of the current-carrying liquid metal through a ceramic foam filter
installed on one of the outfalls of the induction channel [12, 22, 23]. By
implementing this scheme on silumins, the hydrogen content in the
processed alloy was significantly reduced to a level of 0.05 cm?/100 g
of alloy, which corresponds to the levels achieved during vacuum pro-
cessing, and it was possible to remove up to 80% of non-metallic inclu-
sions from the alloy.

2.2, Study of the Structure and Mechanical Properties of the Experi-
mental Alloy

After the preparation of the alloy in the MDI, samples were cast from it
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to investigate the structure and key mechanical properties. These in-
vestigations were carried out using standard techniques. From the ob-
tained alloy, samples were cast into a cast iron mould for mechanical
testing and metallographic analysis (Fig.3,a). The cast samples
(Fig. 3, b) after machining took the form of rods, 230 mm in length and
25 mm in diameter, after removing the excess material. The cooling
rate of the solidifying melt did not exceed 102 K/s.

A portion of the obtained cast samples underwent mechanical test-
ing using break strength testing method. The remaining samples un-
derwent standard heat treatment, typical for high-strength casting
Al-Cu alloys, specifically the T6 heat treatment mode. This process
involves quenching (heating up to 545°C, holding for 10-14 hours,
and water cooling at 20-100°C) followed by complete artificial aging
(heating up to 170°C, holding for 6-10 hours). After the heat treat-
ment, the samples were subjected to mechanical testing and metallo-
graphic analysis of their structure using standard accepted methods
for such alloys.

2.3. Investigation of the Main Casting Properties of the Experimental
Alloy

2.3.1. Study of the Fluidity of the Experimental Alloy

During the development of an experimental analogue of a high-
strength casting Al-Cu alloy, it was necessary to achieve the required
mechanical properties and a level of technological characteristics for
the alloy that would allow the production of cast products. Special at-
tention was given to the study of fluidity and susceptibility to hot
cracking in the conducted research. These are the main indicators that
directly affect the feasibility and quality of the castings produced.

a

Fig. 3. Casting chill mould (a) and the cast samples of the alloy with excess
material obtained in it (b).



1132 0. M. SMIRNOV, O.D.RUD, V. N. FIKSSEN et al.

Fig. 4. Scheme of the U-shaped fluidity test sample (a) and the casting chill
mould (b) for its production.

The study of fluidity utilized a standard U-shaped sample, as shown
in Fig. 4, a, with the corresponding mould for its production depicted
in Fig. 4, b. The sample has a channel of constant cross-section with a
curved shape, which allows for the evaluation of the alloy’s fluidity.
Due to the complex configuration of the sample cavity, it is possible to
assess qualitatively the alloys’ susceptibility to hot cracking.

To determine the fluidity using such test samples, the length of the
channel and the cross-sectional area of the mould are selected in a way
that the metal, upon solidification, does not completely fill the entire
cavity. The fluidity is measured by the length of the obtained rod un-
der specified casting and cooling conditions. During the casting pro-
cess, the following parameters need to be observed in accordance with
the standard:

the temperature of the mould before casting should be (100+10)°C;

the temperature of the melt should exceed the liquidus temperature
of the alloy by (10 £ 0.5)%;

the same hydraulic parameters for casting should be maintained
when collecting the entire series of samples.

2.3.2. Study of the Susceptibility of the Experimental Alloy to Hot
Cracking during Solidification

The susceptibility of alloys to hot cracking during solidification is a
complex property influenced by various parameters, including linear
shrinkage and its onset temperature, mechanical properties (strength,
ductility and elasticity) of the alloy at high temperatures, rate and na-
ture of solidification, mould compliance, etc.

To obtain quantitative assessments of the occurrence of hot cracks
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in castings, special samples are used. In the study, a ring-shaped sam-
ple (Fig. 5, a) was employed. It is a disassembled structure consisting
of a bottom plate, a ring for forming the outer part of the cast sample,
and a cone that shapes the inner diameter. The plate has a hole for the
installation of an internal cone, and has a groove made around it, the
diameter of which corresponds to the outer diameter of the ring.
Therefore, all the components have a precise positioning on the plate
relative to each other, enabling the production of castings with con-
sistent dimensions and the creation of identical conditions for braking
linear shrinkage.

However, since identifying the primary cause of hot crack for-
mation is challenging for each specific alloy, the tendency to form de-
fects is determined through a comparative method. For this purpose,
another ring-shaped sample was manufactured, having the same outer
ring dimensions but an increased cone diameter. By reducing the cross-
section of the solid sample, it imposes an additional restriction on line-
ar shrinkage and allows the more accurate detection of defects during
casting. Figure 5, b illustrates the schematics of the two forms used in

20
e
1

b

Fig. 5. The ring-shaped samples for assessing hot cracking susceptibility (a).
Schematics of the two forms of the ring-shaped samples used in the experi-
ments (b).
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the experiments. The ratio of the cross-sectional areas of the obtained
samples is approximately 1:1.5. Figure 5, b illustrates the schematics
of the two forms used in the experiments. The ratio of the cross-
sectional areas of the obtained samples is approximately 1:1.5.

3. RESULTS AND DISCUSSION

Using the MDI, an experimental alloy was prepared, the composition of
which, as well as the compositions of analogues alloys, are given in Ta-
ble 1. The base aluminium melt was initially obtained in a resistance
furnace, and then the necessary alloying components, primarily copper
and manganese, were introduced into the MDI.

Immediately after the preparation of the initial alloy, samples were
poured for the investigation of the structure, basic mechanical, and
casting properties (see Figs. 3, 4, 5). Then, the alloy underwent MHD
processing in the MDI according to the previously developed regimes
for 30 minutes, and corresponding samples were again selected [12].
Subsequently, a comprehensive refining processing of the liquid alloy
was carried out for 20 minutes, including argon blowing with simulta-
neous filtration through a foam ceramic filter under MHD influence,
and experimental samples were cast again.

Metallographic examinations and mechanical tests of the produced
samples were conducted at the G.V. Kurdyumov Institute for Metal
Physics (IMP) of the National Academy of Sciences of Ukraine. It was
found that MHD processing of the experimental Al-Cu alloy, which
does not contain cadmium and silver, had an effective modifying effect

TABLE 1. Chemical composition of the experimental alloy and its analogues

[6].

All The chemical composition (Al-base), mass %:
0)
" [culMn| Ti]cd|Ag|Mg|Ni|Fe|zn|si|zr[Pb]sn]cr
Experi- 6 043 019 — - 001 <0.010.06 <0.010.18 - - - -
mental
AM4.5Kd

(GOST ‘;'?g_g'gg_g';g_g'g? - 005 - 0.15 0.10 020 0.15 - - -
1583-93) 7 TN o0

A201 0.15-

(Usa) 460 035,50 - 070035 - <015 - <010 - 070 - -
ACIB 4.00- 0.05— 0.15-

Japan) 500 ®10030 - ~ o35 ~ 085010020 - 005005 0.05
AUSGET 4.20- ., 0.05=__ 0.15= 40 35 010 020 — 005 0.05 -

(France) 5.00 ~ 0.30 0.35
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Fig. 6. Microstructure of the experimental Al-Cu alloy in the as-cast state:
without external processing (a); after MHD processing in the MDI (b).

on its structure (Fig. 6). In the absence of processing, the alloy exhibits
a dendritic structure (Fig. 6, a). After MHD processing, the dendrites
acquire a cellular structure, almost globular (Fig. 6, b).

The research revealed the presence of CuAl: phase inclusions along
the boundaries of globular dendrites, which negatively affect the
strength properties. After the conducted heat treatment, these for-
mations transformed into an oversaturated solid solution.

Tests were conducted to determine the main mechanical properties
of the experimental alloy and compare them with the values of the al-
loy analogues (Table 2). It was found that the experimental alloy exhib-
ited higher values of elongation compared to the considered analogues,
including those containing toxic and expensive strengthening addi-
tives. At the same time, the strength characteristics of the experi-
mental alloy were lower than those characteristics of standard alloys
containing cadmium and silver are, but exceeded the properties of ana-
log alloys without these additives.

Further, using the obtained technological samples, the casting

TABLE 2. Key mechanical properties of the experimental Al-Cu alloy and
standard analogue alloys after T6 heat treatment.

Alloy ‘Tensile strength s, MPa| Elongation 3, %
Experimental alloy 400 10.5
AMA4.5Kd (GOST 1583-93) 490 4.0
A201 (USA) 448 8.0
AC1B (Japan) 304 3.0

A-U5GT (France) 340-360 8.0-11.0
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Fig. 7. Fluidity samples of the experimental Al-Cu alloy: in the as-cast state
(a); after MHD processing in the MDI (b); after complex refining and MHD
processing in the MDI (c).

TABLE 3. Fluidity of the experimental and standard Al-Cu alloys.

Alloy Fluidity, mm |Density, kg/m3
_ Inthe as-cast condition 287 2691
i)g)l?c;ll- After MHD processing in the MDI 299 2693
alloy After cgmp}ex refining and MHD 316 2750
processing in the MDI
AM4.5Kd (GOST 1583-93) 245 2800

properties of the experimental Al-Cu alloy were studied in comparison
with the standard AM4.5Kd alloy.

The results of fluidity tests are presented in Fig. 7 and Table 3. It
can be observed that the comprehensive and refining MHD processing
of the experimental alloy in the MDI allows for improved density and
tightness, as well as an increase in fluidity by 10% compared to the ini-
tial value (and by 30% compared to the standard AM4.5Kd alloy, which
contains toxic cadmium).

As for the investigation of the experimental alloys’ susceptibility to
hot cracking during solidification, the results of such studies are pre-
sented in Fig. 8 and Table 4. It can be seen that the experimental alloy
has a narrower solidification range (by 13°C) compared to the standard
alloy containing cadmium. This leads to a slight increase in the sam-
ples’ section before the occurrence of cracks.
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Fig. 8. Samples for studying the susceptibility of AlI-Cu alloys to hot cracking
during solidification: experimental alloy (a); standard A201 alloy (USA) (b).

TABLE 4. Study of the susceptibility of the experimental and standard Al1-Cu
alloy to hot cracking during solidification.

cqips s Hot cracking suscep-
Alloy S"hdlflcitéon range, | tpility (Ring width),
mm
Experimental alloy after complex 642-551 28
refining and MHD processing in
the MDI
AMA4.5Kd (GOST 1583-93) 650-548 27.5

4. CONCLUSIONS

In conclusion, the conducted research has established the following.

1. In order to enhance the properties of high-strength casting Al1-Cu
alloys, expand their applications, reduce production costs, and ensure
environmental safety, there is a need for the development of new scien-
tific approaches and technical solutions. This includes the exclusion of
toxic (cadmium) and expensive (silver) components from the alloy
composition, as well as the utilization of efficient equipment and tech-
nologies.

2. The utilization of complex refining processing, electromagnetic
field energy, and magnetohydrodynamic effects implemented in mag-
netodynamic casting installations has facilitated the production of the
experimental Al-Cu alloy with increased ductility compared to stand-
ard alloys in the same group. The strength characteristics of the exper-
imental alloy only lag behind alloys additionally reinforced with cad-
mium or silver.

3. The investigation of the casting properties of the experimental
alloy has confirmed the potential for manufacturing critical compo-
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nents, including thin-walled and complex configuration, from this ma-
terial. Further research is intended to be carried out in the following
directions:
to improve the basic mechanical properties of the alloy to the level of
standard high-strength casting Al-Cu alloys, the selection of alloying
components that promote the formation of the desired alloy structure
needs to be conducted;
due to potential changes in the chemical composition of high-strength
alloys, attention should be given to some changing the heat treatment
modes of cast products to achieve maximum strengthening effects;
the characteristics of introducing alloying and modifying components
into the melt (both in pure form and as part of master alloys) need to be
studied, particularly under the impact of electromagnetic effects; if
necessary, solutions for obtaining special master alloys should be pro-
posed.

In order to explore the possibility of expanding the application
range of the experimental alloy, in-depth investigations into its spe-
cial, physical, and operational properties are required.

The work is being carried out within the framework of competitive
research programs of the National Academy of Sciences of Ukraine.
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