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2 Clarivate
Analytics

«Central Asian Academic Research Centery LLP is pleased to announce that “News of NAS
RK. Series of Geology and Technical sciences” scientific journal has been accepted for
indexing in the Emerging Sources Citation Index, a new edition of Web of Science. Content
in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities
Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of Geology and Technical Sciences in the Emerging
Sources Citation Index demonstrates our dedication to providing the most relevant and
influential content of geology and engineering sciences to our community.

«Opmanvix Asusn axademusnvik vinvimu opmanvizely KIIC «KP ¥FA Xabaprapoi.
Teonocus oicone MeEXHUKANLIK bLILIMOAP Cepusicbly 2bliviMu dcypranvinvily Web of
Science-miny scanananean nyckacet Emerging Sources Citation Index-me unoexcmenyee
Kabvli0aneanvin  xabapnaiovl. byn unoexcmeny oapwiceinoa Clarivate Analytics
KOMRAHUusACul Jcyprandvl odan api the Science Citation Index Expanded, the Social
Sciences Citation Index ocone the Arts & Humanities Citation Index-xe kabwiioay
Mmacenecin Kapacmuipyoa. Web of Science zepmmeywinep, asémopnap, 6acnawiviiap
MeH MeKemenepee KOHmeHm mepenoiei men canacwin Ycvinaovl. KP ¥YFA Xabapnapeo.
Teonocus scone mexuuxanvix eviavimoap cepuscol Emerging Sources Citation Index-xe
enyl 0i30iH KO2amOacmulK YWiH eH 63eKmi dcane 0edendi 2eon02usi JHeaHe MexXHUKAIbIK
EbLIBIMOAP OOULIHUWA KOHMEHMKe a0anoblblmbi30bl 0i10Ipeoi.

TOO «llenmpanvro-a3uamckutl akadeMuuecKull HAy4Hulil yeHmpy coodwjaem, umo
nayunoii oicypuan “Useecmuss HAH PK. Cepusi ceonocuu u mexuuueckux Hayk» Obll
npunam oas unoexcuposanusi 6 Emerging Sources Citation Index, obnosnennou
sepcuu Web of Science. Cooepoicanue 6 3mom UHOEKCUPOBAHUU HAXOOUMCS 8 CMAOUU
paccmompenusi komnanueti Clarivate Analytics ons oanvhetiwezo npuHAMUS JICYPHANA
6 the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts &
Humanities Citation Index. Web of Science npednazaem kauecmso u enyouny Konmenma ot
uccredosamenetl, agmopos, uzoameneli u yupesicoenuil. Brmouenue Hzeecmus HAH PK.
Cepus ceonozuu u mexnuyeckux nayk ¢ Emerging Sources Citation Index oemoncmpupyem
HAWLy npuepIHCeHHOCMb K Haubonee akmyaibHOMY U 6IUSMETIbHOMY KOHMEHMY N0 2e0N02UU
U MEXHUYECKUM HAYKAM OJisl Haue20 coobuecmsa.
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Abstract. The proposed paper deals with the actual problem of molding mixture
density control under dynamic loading, which plays an important role in foundry
production. The study is based on a five-element rheological model that takes
into account elastic, viscous and plastic properties of the mixture. The model is
formed in the form of a system of differential equations, which allows to realize
it in the form of a numerical algorithm and to predict the change of the mixture
density in time at given loads. The model is oriented for application in conditions
of real foundry production. Numerical methods of calculation based on differential
equations and experimental data were used for analysis. The main hypotheses of
the work are that the density of the molding mixture is determined not only by the
applied stresses, duration of their action, but also by the rheological parameters
of the medium. The obtained dependences allow predicting the change of the
mixture density in time under different types of dynamic loads. The conducted
studies confirm that the five-element rheological model more accurately predicts
the dynamics of compaction compared to traditional three-element models. The
developed methodology and calculation algorithm can be applied in the foundry
industry to optimize the composition of mixtures, improve the quality of castings
and develop new compaction technologies. The application of machine learning
can be integrated into foundry machine control systems to adjust and optimize
operating parameters in real time and improve production efficiency. The obtained
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results provide a basis for further research in the field of rheology of molding
mixtures and can be used in the design of equipment for foundry production.
Keywords: rheological model, molding mixture, foundry machines, modeling
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AHHOTanus. ¥ CbIHBITFAH MaKaiaia KYIo OH/IipICiH/Ie MAHBI3/IbI POJT aTKAPaThIH
JTMHAMHUKAITBIK ) YKTEME Ke31H/1¢ KAJIBINTAY KOCHACHIHBIH ThIFBI3/IBIFBIH 0aCKapYIbIH
©3EKTi Maceleci KapacThIpbUIa bl 3epPTTEY/iH HEeTi31 KOCIaHbIH CEPITiMIi, TYTKBIP
JKOHE TIACTUKANBIK KACHETTEPiH CCKePETiH OeC MEMEHTTI PEONOTHSIIBIK MOJICITh
Oompin  TaObmanbl. Mogens auddepeHImanabIK TeHASYNIep JKyieci TypiHae
KaJIbITacaibl, OYJ1 OHBI CAHJIBIK AITOPUTM TYPIHJIE )KY3eTre achIpyFa skoHe OepiireH
KYKTeMesep Ke3iHJEe KOCMAHBIH THIFBI3IBIFBIHBIH YaKbIT OOMBIHINIA ©3repyiH
Ooipkayra MyMKiHTiK Oepeni. Mojens HakThl Kyro eHipici )kaF1alibIHIa KO IaHyFa
OarpiTTanFad. Tanmay yirH qudQepeHIaiIbK TeHIeyiIep MEH dIKCIEPUMEHTTIK
MOJIIMETTEPre HETI3ACAreH CaH/BIK CCeNTey dicTepl KOMAaHBUIIbL JKYMBICTBIH
HETI3r TUMoTe3allapbl — KAIBINTAY KOCIMACBIHBIH THIFBI3IBIFBI KOJIJAHBLIATHIH
KEpHEYJIEp/ICH FaHa eMEC, OTaP/IbIH dCEP €Ty Y3aKThIFbIHAH J1a, KOPIIAaFaH OPTAHbIH
PEOJIOTUSUTBIK TApaMETPIICPIHEH JIe aHBIKTANAbI. AJTBIHFAH TOYESJTIKTEp opTYpIi
JTMHAMHUKAIBIK JKYKTEMeJIep Ke3iH/1e KOCTAaHbIH ThIFbI3/IBIFBIHBIH YaKbIT OONBIHINA
e3repyiH Ooimkayra MYMKIHIIK Oepexi. XKypri3inreH 3eprreynep Oec 3IeMEHTTI
PEOJIOTHSUTBIK MOJICb JOCTYPIl YII 3JIEMEHTTI MOJENBICPMEH CaJbICThIPFaHIa
TBHIFBI3/Iay TWHAMHUKACHIH JIONIIpeK OOHKaWTBIHBIH PacTaibl. O3IpIIEHTeH eCenTey
olicreMeci MEH alrOpUTMIH KYI ©HEepKaciOiHJe KochmamapablH KypamblH
OHTAMIaH/IBIPY, KYIO CalachliH KaKCaAPTY MKOHE )KaHA THIFbI3Ay TEXHOJIOTHSIAPBIH
o3ipiey YIIiH Kosijanyra 6omaasl. MaluHambIK OKBITYAbI KOJJAHY HAKThI YaKbIT
PEKUMIHJIE KYMBIC MapaMeTplIepiH PETTEy MKOHE OHTAMIAHIBIPY JKOHE OHJIpic
TUIMJIUTITIH apTTHIPY YIIiH KYIO MalluHAIAPBIH OacKapy kyienepine OipikTipimyi
MYMKiH. HoTmxkernep KajbInTay KocHalapbIHbIH PEOJIOTHSICBIH OJIaH opi 3epTTeyre
Heri3 Oeperi )koHe KYFO KaOIbIKTaphIH X00anayaa KOIJaHbLTYbl MyMKIiH.
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AHHoTanus. B npenaraeMoii cratbe paccMaTpuBaeTCs akTyajibHas mpooiema
yHpaBJIeHHUs IUIOTHOCTHIO (DOPMOBOYHOM CMECH NMPH JUHAMHUYECKOM HArpyXEHUH,
Urparouasi BaXXHYIO pojib B JIMTEHHOM NPOM3BOACTBE. B OCHOBY McciemoBaHus
MOJIOKEHA TISITUAJIEMEHTHAsE PEOJIOrMYecKas MOJAENb, YUHTHIBAIOIIAS YIPYTHE,
BA3KME M IUIACTHYECKHE CBOMCTBa cMecu. Mogens cdopmupoBaHa B BHUJIE
cucrteMbl auddepeHIranbHbIX ypaBHEHHH, YTO IIO3BOJSIET pealu3oBaTh €€ B
BUJE YHMCICHHOIO ajiTOPUTMa M MPOTHO3MPOBATh U3MEHEHHE IUIOTHOCTH CMECU
BO BPEMEHH IIpH 33JaHHBIX Harpys3kax. Mojaeiab OpHCHTUPOBaHA HA NMPUMEHEHHE
B YCJIOBHUSIX PEaJbHOTO JUTEHHOTO MPOU3BoACTBA. ISl aHanM3a MCIOIb30BAIHNChH
YHCJICHHBIE METOABl pacuyeTa Ha OCHOBE IU(QepeHUUaNbHBIX YPaBHEHUHA U
9KCTIEPUMEHTAIIbHBIE JaHHbIe. OCHOBHBIE THIIOTE3bI Pa0OTHI 3aKIIIOUAIOTCS B TOM,
YTO TUIOTHOCTH (JOPMOBOYHON CMECH ONPEEIIETCS HE TONBKO OT MPHUIOKEHHBIX
HaNpsDKEHUH, TIMTENIBHOCTH MX JIEHCTBUS, HO M OT PEOJIOTMYECKUX MapamMeTpoB
cpenbl. [lomydeHHbIE 3aBUCHMMOCTH IO3BOJISIIOT IPOTHO3MPOBATh H3MEHEHHE
IUIOTHOCTU CMECH BO BPEMEHM NPH Pa3IMYHbIX BHIAX AMHAMHYECKUX Harpy30K.
[IpoBeneHHbIe HcCIe0BaHNS TOATBEPIKIAIOT, UTO MATUIIEMEHTHAS PEOIOTnIecKast
MozieTb 00Jiee TOYHO Npe/CKa3blBaeT TUHAMHUKY YIUIOTHEHHUS! MO CPAaBHEHHIO C
TPaJIUIIMOHHBIMU TPEX3IEMEHTHBIMU MoJiesisiMu. Paspaborannas MeTonoiorus u
ITOPUTM pacyeTa MOTYT ObITh MPUMEHEHB! B JUTEHHON MPOMBIIIJICHHOCTH IS
ONTUMM3ALUKN COCTaBA CMECEH, MOBBIMICHUS KAauyecTBa OTIMBOK M Pa3pabOTKH
HOBBIX TEXHOJIOTUH yrutoTHeHus. [IpuMeHenne MalmMHHOT0 00y4eHHsI MOJKET OBITh
WHTETPUPOBAHO B CUCTEMBI YIIPABICHUSI JINTSHHBIMU MAIIMHAMU U1l PETYITHPOBKU
1 ONITUMH3ALNHU padOUYHX TApaMETPOB B PEXKHUME PEaIbHOTO BPEMEHH M TIOBBILLICHUIO
3¢ peKTBHOCTH MPOoN3BOACTBA. [loyueHHbIe pe3ynbTaThl 00eCIeYMBAIOT OCHOBY
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JJIA ﬂaﬂLHeﬁmHX HCCHCHOBaHHﬁ B o0Oiactu peojiorun q)OpMOBO‘IHLIX cMeceit u
MOTYT OBITh MCIIOJIBE30BAHEI Ipu MPpOCKTUPOBAHUHN O60py,Z[OBaHI/I$I JJIsL JINTEHHOIO
MMpOU3BOACTBA.

KiroueBbie ciioBa: peojiornyeckas MoACIb, (I)OpMOBO‘IHaH CMCECB, JINTCHHBIC
MalrHbl, MOACIIMPOBAHUC

Introduction. The production of complex metal products often requires casting,
one of the most common methods of forming metal workpieces. In order to obtain
quality castings with a minimum number of defects, it is necessary to use appropriate
molding compounds (Major-Gabrys, 2019: 2).

Molding mixtures are compositions used to create molds into which molten
metal is poured. These mixtures consist of a basic binder, sand and additives that
improve their properties. (Davis, 1979: 1). The binder can be clay, water or a
polymer material. Various types of sand are used in molding mixtures, such as
quartz sand, granular sand or chromite sand. The type and particle size distribution
of sand determine key properties such as strength, hardness and porosity. Additives
in molding mixtures can be organic or inorganic, including waxes, grease, graphite,
silicates, metal powders and other substances. (Isagulov, et al., 2006: 3; Hoque
et al, 2010: 73). Additives improve the properties of molding compounds: heat
resistance, ease of separation from the casting, and reduction of deformation.

Molding compounds are used in various types of casting machines, including
cold casting machines, continuous casting machines and rotary table machines. Each
machine type has its own specific requirements for the properties of the molding
compound. An important factor in selecting a molding compound is the metal from
which the casting is made, since different metals have different requirements for the
composition of the molding compound For example, rotary table machines require
a highly stable molding compound that does not deform as the table rotates. Gravity
casting machines require a molding compound with high plasticity to produce long
castings without fractures. Most castings are made in disposable sand molds. The
quality of these molds directly affects the dimensional accuracy and surface quality
of the castings (Zhang, 2017:34). The main factors affecting the quality of castings
are the composition of the molding mixture, its density, and the density distribution
over the height of the mold. Increasing the density of the mixture increases mold
strength, improves surface quality, reduces gas permeability and decreases the
likelihood of mold erosion. Analyzing the compaction process is necessary to
ensure casting quality and to design efficient equipment by adjusting parameters
such as power, pulse duration and frequency (Matveenko et al, 1998: 25).

Materials and methods of research. A characteristic feature of dynamic
compaction is the induced stresses, which reach high values but last for a very short
time. As a result, the mixture is not fully compacted in one impact and repeated
impacts are required to achieve the required density (Boldin, 2003: 264; Boldin, et
al., 2024: 179). Consequently, the final density of the mixture depends not only on
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the level of stresses, but also on the duration of their continuation, which requires
analyzing the viscous properties of the medium.

Of the existing many experimental models that describe the change in mixture
density under different types of dynamic effects such as impact, compaction with
impact, shaking and pulsation (Sheklein et al., 2004: 13). These models are only
suitable for certain loading conditions and certain types of sandy clay mixtures
(SCMs). The development of universal analytical models requires consideration of
the compaction process using rheological models that best describe the elasticity,
viscosity, and plasticity of the medium (Verbitsky et al., 2024: 2). One of the well-
known models is a semi-empirical formula proposed by G.M. Orlov, which is based
on a three-element model without taking into account elastic deformations (Orlov,
1988: 201).

This study employs a five element rheological model to calculate the density of
the molding mixture under dynamic loads. A schematic representation of the five
element rheological model is shown in Figure 1.

E} GT
— W — [ B
E:
C —— =1 — = @
1 [
[ [
n: L

Figure 1- Five element rheological model

The first element of the model is Spring 1, with an elastic modulus El1,
representing the material’s ability to undergo instantaneous elastic deformation.
The second component consists of Spring 2 and Damper 1, connected in parallel,
with a viscosity coefficient n,, describing the viscoelastic properties of the medium,
which manifest as elastic aftereffects. The last element includes Damper 2 and a
Saint-Venant plastic body, accounting for the viscoplastic properties of the material,
which activate only when stress levels exceed the yield strength 7. Experimental
data indicate that the medium’s ultimate strength varies depending on the current
density of the mixture, as described in prior empirical studies.

The governing equations for this model are written as follows:

e=g +&y o=Ee,+meé; when o=op (D
g=0o7+1n:& when o = or, )
where, £; — spring deformations; & — total stress; o — total deformation.

Let's consider the first part of the model, which consists of two Springs and
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a Damper 1. Let's find the relationship between stress and deformation. From
equation (1) under boundary conditions £ = 0, £; = 0, we get:

g2 = o[l —exp( — Ext/n)]/E>.

Considering that g, = g/E, from the first relation we obtain:
e=0g(E;' —E;'e*), E;l=p['+E;L 3)
where, # = Ea/f M1, and Ec — static modulus of elasticity.

The density of the molding mixture is determined through its deformation. If the
initial length of the sample /, is reduced to length /, then the relative compression

of a section of length x will become equal to @X/X | where dx is the absolute
compression of the section under consideration. Then, summing up the relative
compressions of individual sections, we find the total relative deformation:

= _]"::Ddx,.’x =inlyg—Inl.

It follows that de = - dl / I. Considering that I =m/Ap, where m — mass, p —
density and 4 — cross-sectional area of the sample, we substitute 1 and dl into the
previous relation. We get:

de =dp/p. 4)

Solving this equation. We find 2 = Po€®, where Pois the initial density of the
medium (at £ = 0). Taking into account expression (3), we obtain:

o Ep
p=poexp[(1 —"e¥)], o=or. (5)
If the stresses exceed the yield strength, then from equation (2) it follows:
£=er+em =er+ (0 —ap)dt/ng, (6)

where, £7 — the deformation corresponding to the yield strength is determined
by formula (3);

Emn — plastic deformation;

At — the difference between the current moment and the beginning of plastic
flow.

Now equation (2), taking into account (4), can be written & = @1 +122/p.

Next, solving this equation, we get:
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p = prexp[ (o — ar)At/n2], (7)
where, 2 is the density at stress @, which is determined by formula (5).

Density depends on the current value of stress, and yield strength depends on
density. This interdependence requires step-by-step calculations to determine the
time variation of density. Therefore, the current density and stress values must be
replaced by the values obtained at the previous time step in formula (7) and the
corresponding time change must be used.

The stage of viscoplastic compaction continues until the plastic deformation
stabilizes, after which unloading begins. In order to determine the density, it is
necessary to record the stress values and the maximum values of strain and density
before unloading starts.

The unloading process follows Hooke’s law: & — &, = (g — g,)/E}.

Taking into account the conditions g = @, for & = £p, as well as expressions
(4) and (8), we obtain:

p = pyexp(—e,)e® = p,exp[(o —a,)/E] (8)

This process will continue until the stress becomes zero.

Numerous studies show that the physical and mechanical characteristics
of the mixture depend not only on its composition and humidity, but also on its
density (Karpov, 2001: 11). Analysis of experimental data allows us to establish
a relationship between rheological parameters and density. Since the stress and
density of the mixture change along the height of the mold during shaking, for a
correct calculation of density it is necessary to discredit the data not only in time,
but also in the height of the layer.

Let us now consider the method of layer-by-layer calculation of the density of
the molding mixture during the shaking process. At the moment of impact of the
table on the frame with a certain initial speed, Vo a sharp braking of the table and
the flask with the mixture contained in it occurs, as a result of which inertial forces
arise in all layers of the mixture, causing compressive stresses (Ivanov et al, 1994:
97). Using the contact-classical theory of impact, we determine the speed of the
table by the formula:

. =1Ve *{cospt— isa’np t, )
where, £ — is the damping coefficient of oscillations;

p=wgyl—n=; n=glwg
where, o — is the oscillation frequency.
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The duration of the impact is determined by the formula:
t, = {rr +arctg[—2ny1—nm</f{1 — 2?13}]};‘;1.
Under the influence of compressive stresses, the mixture is compacted along

the entire height of the flask to the ultimate density Pmax. In this case, each layer
decreases in thickness, and all sections move downwards with certain speeds and
accelerations (Sutton et al., 2017: 5), Let us divide the height of the flask H into k
-1 layers.

Since the mass of each layer remains constant during the compaction process, the
thickness of the j-th layer at time i can be determined using the following formula:

hij = RiyjPi-1;/Pi; (10)
Distance from the origin to the upper boundary of the j-th layer:
Yij =Vij-1T -1 (11)

The absolute values of acceleration and velocity of the upper boundary of the
layer are equal to:

a;; = (Vi — L'?i—l,}']'f"rﬂt;
Vij = Vei + 0y — yi-11)/4¢, (12)
where, 4% — is the time step.

When performing a calculation from top to bottom, it is necessary to specify the
velocity of the upper layer: Vie = (Ve +Vicr1)/2.

The correctness of the selected speed is checked by the lower limit of the
following condition:

[Vige = Vi Vi = 4, (13)

where, 4 — is the permissible error in speed.
The coordinate of the upper face is determined by the following formula:
Yia = ¥i—1a + (Vg — Vo)At (14)

The rate of change of stresses in sections is determined by the expression (1):

(Ba/dy)i; = —(a;; —9.81)p;; — {fPoy; /A (15)
where, P — is the perimeter of the flask;
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& — is the lateral pressure coefficient;

f — coefficient of friction of the molding mixture against the wall of the flask;
A — area of the flask.

Then the stresses arising in the layers:

Oij41 = Oy 5 +(00/8Y); ;- by (16)

The algorithm for layer-by-layer calculation of molding sand compaction is
shown below.

1. Setting the initial data:

H, P, :1, f: tf: Por Pmax 'i':J ﬂt, FI}J g, M, r_;.n ﬂF

2. Setting initial conditions: fLi = Poi  O1; = 0; hy; =H/(k—-1)
yi; =U-1DHAk-1); V;=Vy &,;=0

£

where, “i.j — are plastic deformations.

tz=[]+t

y through At

3. Setting the time cycle:
4. Calculation of table speed using formula (9): Vei-

5. Setting conditions on the surface of the molding mixture:%i.1 = 0;  TVir
6. Calculating the coordinates of the upper face using (14): Yi.1

7. Assigning a cycle by layers: / = 1+ k.

8. Calculation of model parameters using empirical formulas depending on the
layer densityPi—1;* E1, E2,11, 72, 0.

9. Calculation of the density of the mixture in sections according to (5), (7),
(8): Pi-14.

10. Calculation of coordinates, accelerations and velocities of sections, as well
as layer thicknesses according to (10), (11), (12): fei ¥isi Vigi @i

11. Calculation of stresses in sections according to (15) and (16): Fij+1-

12. Setting the end of the cycle by layers: J = k.

13. Checking the condition (13). If the condition is true, then continue the

calculations; if the condition is not met, then change the speed Vi.1and repeat the
layer-by-layer calculation starting from point 6.
t=t

14. Setting the cycle completion time: ¥

15. Printing the obtained calculation results: Pej; Meji Viji Veji @ij Oig.
Results. According to the given algorithm, a program for calculation was
written in Python language and the calculation of the density of the sand-clay

mixture was performed with a moisture content of 3.2% and a raw strength of 0.07

MPa. Initial density Po= 1000 kg / m’ , initial speed = 1 m / s. The dimensions
of the flask are 400 x 300 x 200 mm. Y. The parameters of the shaking molding
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machine model 271 were used as characteristics of the mechanical system:
wy = 257¢71; n =0,18; t, = 0,011c.

With the number of layers equal to 10, Figure 2 shows the calculation results for
the first impact. Curve 1 describes the lower plot and curve 2 describes the seventh
plot. The intensity of density growth is the higher the lower the plot is located, and
it also strongly depends on the initial density. For example, with an initial density
Po=1500 kg / m’ it will be equal to only 1%, while with £ = 1000 kg / m’ it is

8.5%.

Y7,

wvs0 |

040 7/ - y
/

o 4 g 0

wovoo

Figure 2 — Graph of density change over time
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Figure 3 — Dependence of mold density on the number of strokes

As the number of blows increases, the density of the sand-clay mixture at first
grows rapidly, then the growth slows down in growth and stops completely when a
certain number of blows is reached. The graph of density variation in the lower part
(on the mold) from the number of blows is shown in Figure 3.
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Discussion. A number of studies confirm that the physical and mechanical
properties of the mixture depend not only on the composition and moisture content,
but also on the density. The analysis of experimental data allows to reveal the
relationship between rheological parameters and density. Since stress and density
change along the mold height during shaking, accurate density calculation should
take into account both temporal and height changes. Several numerical experiments
were conducted to test this model against empirical data from previous studies of
sand-clay mixtures. As a result, we obtained a five element rheological model that
shows the compaction dynamics more accurately than traditional three-element
models.

The results of this study provide valuable information for optimizing the
selection of molding mixture and improving the efficiency of foundry processes.
The proposed model can be integrated into foundry machine control systems to
adjust operating parameters in real time, ensuring optimal mold density.

Conclusion. This study presents an improved five element rheological model
for predicting the compaction behavior of molding mixtures under dynamic loads.
The model accounts for viscoelastic and plastic properties, providing a more
accurate representation of mixture behavior compared to existing three-element
models. The results suggest that implementing this model in foundry processes can
lead to improved mold quality and more efficient production.

Future research should focus on experimental validation using different types of
molding mixtures and the integration of machine learning techniques for real-time
optimization of compaction parameters. In this paper, some artificial intelligence
capabilities have been utilized to verify the validity of the results obtained.
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