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ABSTRACT

This paper presents the results of experimental and numerical studies of the casting process of
99.85% pure aluminum using investment-casting technologies with patterns produced by additive
manufacturing. The influence of pouring temperature, mold-filling time, and gating-system design
on porosity formation and casting quality was analyzed. It was established that increasing the
pouring temperature within the range of 700-800°C leads to increased porosity due to higher gas
Received: March 19, 2026 solubility and intensified turbulence of the melt flow. It was shown that the separating gating
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system ensures a minimum number of defects compared to top and bottom metal-feeding
systems. In addition, thermal analysis of PLA and a glass-fiber-reinforced PLA composite was
carried out. Pure PLA was found to burn out almost completely (residue about 2.4%), whereas the
composite was characterized by a high residual content (~43.6%), which may negatively affect
mold quality. The simulation results obtained using the AutoCAST software package showed good
agreement with the experimental data and confirmed the effectiveness of numerical modeling for
optimization of casting processes. It was established that the optimal pouring-temperature range
for aluminum is 720-760°C. The obtained results confirm the potential of using PLA in investment
casting technology and make it possible to improve the quality of aluminum castings under
industrial production conditions.

Keywords: 3D printing, investment casting, aluminum alloys, additive manufacturing, industrial
manufacturing, innovative manufacturing processes.
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Introduction

Porosity is one of the most critical defects in
foundry production, significantly affecting the
mechanical properties, tightness and fatigue life of
aluminum castings [[1, [2], [3]]. The main

mechanisms of pore formation are gas saturation of
the melt and shrinkage processes during
solidification [[4], [5], [6]]. Aluminum alloys are
characterized by high solubility of hydrogen in the
liquid state and a sharp decrease in its solubility
upon transition to the solid phase, which leads to
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intense gas evolution and the formation of gas
porosity [[7], [8]]. Additional factors that influence
the formation of defects include flow turbulence, air
entrainment during pouring, and inefficient
operation of the gating system, which can lead to
the formation of oxide films and inclusions [[2] [9],
[10]]. As noted in the works of Campbell [2] and
Stefanescu [10], disruption of flow laminarity
promotes the capture of double oxide films (bifilms),
which are potential centers for the initiation of pores
and cracks. Shrinkage porosity develops due to
insufficient compensation for volumetric shrinkage,
which is approximately 6% for aluminum, and is
directly dependent on the efficiency of feeders and
directional solidification [[5], [11]]. According to
classic research by Flemings [11], the formation of
shrinkage defects is determined by local
temperature gradients and casting feeding
conditions. Therefore, optimizing the design of
gating and feeding systems is a key factor in
improving casting quality [[12], [13]]. Modern
research confirms that the use of numerical
modeling allows for the effective prediction of
defect formation zones and optimization of process
parameters prior to conducting actual experiments
[[6], [12], [14]]. The use of software packages such
as Auto-CAST improves the accuracy of casting
process design and reduces production costs [[6],
[14]]. Modern methods for reducing porosity include
optimization of gating systems, melt degassing, and
the use of numerical modeling [[9], [10], [11]]. In
particular, the use of modified gating system designs
(bottom, top, and divider) allows for controlling the
nature of the melt flow and minimizing turbulence,
which reduces the likelihood of air entrainment and
oxide film formation [[2], [9], [15]]. Effective
degassing is achieved by using fluorine- and
chlorine-containing salt fluxes, as well as inert gas
bubbling methods (Ar, N), which ensure the
removal of dissolved hydrogen through diffusion
and coalescence of gas bubbles [[7], [16], [17]].
Additionally, filtration systems (ceramic filters) are
used to remove non-metallic inclusions and stabilize
the melt flow [[18], [19]]. The use of numerical
modeling allows for considering the thermal,
hydrodynamic, and phase processes occurring
during casting [[12], [13], [14]]. Software packages
such as Auto-CAST, ProCAST, and MAGMASoft
predict temperature distribution, flow rates,
shrinkage zones, and potential porosity regions,
enabling optimization of gating system design and
pouring modes at the design stage [[6], [12], [20]].
The use of defect formation criteria, such as the

Niyama criterion, further improves the accuracy of
shrinkage porosity prediction and enables
evaluation of casting quality at the early stages of
development [[21], [22]]. In recent years, particular
attention has been paid to the integration of digital
modeling, additive technologies, and intelligent
defect prediction methods. Current research shows
that the use of integrated thermohydrodynamic
modeling and digital analysis methods can
significantly improve the accuracy of porosity
prediction and reduce the number of production
tests [[23], [24], [25]]. In addition, the effect of
additively manufactured polymer models on the
quality of cast parts is being actively studied,
including the thermal degradation characteristics of
PLA composites, their gas evolution, and the
formation of a residual phase.

Studies demonstrate the effectiveness of
integrating modeling methods with experimental
data and machine learning approaches, which allows
for the consideration of real production factors and
increases the reliability of predictions [[23], [24],
[25]]. Thus, the integrated use of degassing, rational
design of gating systems, and digital modeling is the
most effective approach to reducing porosity and
improving the quality of aluminum castings. With
the development of additive technologies, the use of
polymer models for investment casting is of
particular interest, allowing for a significant increase
in accuracy and a reduction in the cost of
manufacturing complex-shaped castings [[15], [16]].
In particular, FDM and SLA technologies provide
high-precision prototypes with specified geometry
and controlled surface roughness [[23], [24]]. PLA
(polylactide) is widely used due to its
biodegradability, low processing temperature, and
ability to undergo almost complete thermal
decomposition without the formation of significant
residues [[17], [18], [19]]. Thermal destruction of
PLA occurs primarily through the depolymerization
mechanism with the rupture of ether bonds and the
formation of volatile products, which makes this
material promising for casting using burnt models
[[18], [25]1. The thermodynamic approach
demonstrates that both in sulfurizing roasting of Pb—
Zn ores and in aluminum alloy casting, the
controlling factor is the regulation of phase
transformations through changes in gas atmosphere
and temperature, which ultimately governs the
formation of material structure and defect
development [[26], [27]]. The obtained results
indicate that the use of 3D-printed PLA models in
aluminum investment casting is associated with a
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significant  influence of  polymer thermal
decomposition, the mold—pattern interface, and
heat and mass transfer conditions on defect
formation, including porosity, which requires
consideration of material anisotropy, gas evolution
behavior, and thermal processing regimes to
improve the accuracy and quality of cast products
[28].

However, the introduction of composite
materials such as glass fiber-reinforced PLA requires
further analysis, since the presence of an inorganic
phase significantly alters the mechanism of thermal
degradation and heat and mass transfer [[20], [21],
[22]]. In particular, glass fiber increases thermal
stability and shifts the temperature maxima of
decomposition, but simultaneously leads to the
formation of a residual phase that can impede the
removal of decomposition products, impair the gas
permeability of the mold, and contribute to the
formation of casting defects [[21], [22]].
Furthermore, the interaction of the polymer matrix
with the surface of the reinforcing fibers can lead to
multistage decomposition kinetics and changes in
gas evolution [20].

Despite numerous studies devoted to reducing
the porosity of aluminum castings and the use of PLA
patterns in investment casting, the complex
relationships between pouring parameters, gating
system design, thermal degradation of PLA
composites, and defect formation remain poorly
understood. Most existing studies examine either
the hydrodynamic properties of the mold filling
process or the thermal behavior of polymer patterns
separately. However, the influence of residual PLA
composite mass on the quality of aluminum castings
and the mechanisms of defect formation have not
been fully explored.

The scientific novelty of this study lies in the
comprehensive combination of experimental
research and numerical modeling of the aluminum
casting process using additively manufactured PLA
models of varying compositions. This study, for the
first time, combinedly evaluates the influence of
pouring temperature, gating system design, and the
thermal behavior of PLA/PLA composites on the
formation of porosity in aluminum castings.
Additionally, a relationship was established between
the high residual mass of the PLA composite, the
characteristics of outgassing during thermal
degradation, and the likelihood of defect formation
in the cast structure. The obtained results allow us
to expand our understanding of defect formation
mechanisms and substantiate the selection of

optimal materials and process modes for investment
casting.

The aim of this study is to comprehensively
investigate the influence of process parameters
(pouring temperature, pouring time, and gating
system design) on the porosity of aluminum
castings, as well as to evaluate the thermal behavior
of PLA and PLA composite materials for their
applicability in investment casting technologies.
Particular attention is paid to the relationship
between the mechanisms of thermal degradation of
polymer patterns and defect formation in metal
castings, which allows for the substantiation of the
selection of optimal materials and process
conditions.

Materials and Methods

Experiments and Casting Simulation

Experimental and numerical studies of the
casting process of high-purity aluminum (99.85%)
were carried out to analyze porosity formation and
optimize technological parameters. Numerical
simulation was performed using the Auto-CAST
software package, which makes it possible to predict
temperature-field distribution, melt-flow velocity,
and zones of probable defect formation.

During the study, the main technological
parameters of the process were varied, including
pouring time, melt temperature, and the design of
the gating-feeding system. The pouring time for
different types of gating systems was as follows:
12.5 s for the bottom system, 8.5 s for the separating
system, and 5 s for the top system, which ensured
different melt-flow patterns—from predominantly
laminar to turbulent regimes. The geometric
parameters of the sprues included diameters of 14
mm and 10 mm with lengths from 50 to 80 mm,
which made it possible to regulate the flow rate and
the hydrodynamic conditions of mold filling. The
dimensions of the ingates were 10x12x15 mm, and
those of the runners were 8x10x65 mm and
8x10x90 mm, respectively, ensuring uniform melt
distribution and a reduction in local turbulent zones.
The experimental conditions were further refined to
ensure the reproducibility of the study. High-purity
aluminum (99.85%) was used, and the melt was
prepared in an electric resistance furnace. Before
pouring, the melt was degassed to reduce the
dissolved hydrogen content and decrease the
likelihood of gas porosity. A sand-clay mold with
controlled gas permeability and moisture content
was used as the casting mold, providing stable heat-
removal and solidification conditions. Temperature
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control was carried out using thermocouples and a

digital data-recording system.

Table 1 - Design parameters and their calculated values

for the feeding and gating systems.

No. | Parameter Design value
Pouring time for the 1255, 85 s, and
1 bottom, separating, and .
. 5 s, respectively
top gating systems
Tf)p and bottom sprue 14 mm, 10 mm,
diameter and  sprue
2 . and 50 mm,
length for the separating .
. respectively
and top gating systems
Tf)p and bottom sprue 14 mm, 10 mm,
diameter and  sprue
3 and 80 mm,
length for the bottom .
: respectively
gating system
4 Sprue: diameter and | 15 mm and 20
height mm, respectively
Runner dimensions:
. . 8 mm, 10 mm,
width, height, and length
5 . and 65 mm,
for the separating gate .
respectively
system
Runner dimensions: 8 mm. 10 mm
width, height, and length ! !
6 and 90 mm,
for the bottom gate .
respectively
system
Ingate dimensions: width, 10 mm, 12 mm,
height, and length for the
7 ) and 15 mm,
top, separating, and .
. respectively
bottom gating systems
Feeder design based on
Caine’s method; feeder
8 diameter and height for ;Smn:;r; ::t?vezls
the bottom and » Fesp ¥
separating gating systems
Height and diameter of
9 the feeder neck for the | 10 mm and 20
bottom and separating | mm, respectively
gating systems

In addition, the design of the riser (sprue) with a
diameter of 15 mm and a height of 20 mm was
optimized to ensure stable melt supply and reduce
the likelihood of air entrainment. The feeding
system was designed based on Caine’s method,
taking into account the formation of directional
solidification; the feeder dimensions were 25x25
mm and the neck dimensions were 10x20 mm,
which ensured effective compensation of shrinkage

processes. Particular attention was paid to the
placement of the feeder in the zone of maximum
thermal concentration (hot spot), which contributed
to a reduction in shrinkage porosity.

The choice of these parameters was dictated by
the need to ensure an optimal balance between
mold-filling rate, reduced flow turbulence, and
effective feeding of the casting during solidification,
which together are aimed at minimizing gas and
shrinkage porosity. This is shown in Table 1.

The feeding system was designed with
consideration for compensating the volumetric
shrinkage of aluminum, which is about 6% during
solidification. The feeder dimensions were 25x25
mm, which provided sufficient volume to feed the
casting and prevent shrinkage defects. The system
design was optimized using simulation results,
including hot-spot analysis and directional
solidification.

Analysis of the influence of gating-system type
showed that when a bottom gate is used, the molten
metal enters the lower part of the mold, ensuring a
predominantly laminar flow regime and minimizing
air entrainment; however, the mold-filling time
increases. It was established that as the pouring
temperature increases in the range of 700-800°C, a
steady growth in porosity is observed, as clearly
shown in Fig. 1. This effect is caused by the increased
solubility of gases in the aluminum melt at higher
temperatures, as well as by the decrease in viscosity,
which leads to intensified turbulence and the
entrainment of gaseous inclusions. According to the
simulation results, porosity increases approximately
from 960 to 1120 mm3, whereas the experimental
values change from 1030 to 1250 mm?, indicating a
higher level of defect formation under real
conditions due to the influence of technological
factors such as flow turbulence, air entrainment,
mold gas permeability, and the limited efficiency of
degassing. At the same time, the trends of the
Simulation and  Experimental dependencies
coincide, which confirms the adequacy of the Auto-
CAST model despite the presence of a quantitative
discrepancy of about 50-130 mm? associated with
the idealization of the calculation conditions. It was
established that in the range of 700-740°C the
increase in porosity is moderate, whereas at
temperatures above 740-780°C a sharp increase in
defect formation is observed, indicating the
achievement of a critical temperature interval.
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Fig. 1 - Change in porosity as a function of
pouring temperature

When a top gating system is used (Fig. 2), the
mold is filled in the minimum time; however, due to
the free fall of the melt, a turbulent flow regime is
formed, which leads to an increase in gas and
shrinkage porosity. In this case, porosity increases
from 1040 to 1300 mm? according to simulation
results and from 1180 to 1460 mm? according to
experimental data. The increased defect level is
caused by intensified turbulence, air entrainment,
and the formation of oxide films that serve as pore
nucleation sites. A particularly intensive increase in
porosity is observed in the range of 780-800°C,
which indicates the critical influence of temperature
on defect-formation processes.

—— Simulation
1500 4 —— Experimental
1400

1300 -

Porosity (mm3)

1200 4 /

1100 -

1000

T T T T T T
700 720 740 760 780 800
Temperature

Fig. 2. Change in porosity as a function of
pouring temperature

The separating gating system (Fig. 3) proved to
be the most effective from the standpoint of
minimizing porosity, combining the advantages of
bottom and top melt supply. In this system, the
sprue and gate are located in the same plane, which
ensures an optimal temperature gradient and
directional solidification. This promotes the transfer
of the shrinkage cavity from the casting volume into
the feeder and reduces the probability of defect
formation. The analysis showed that porosity

increases from 1030 to 1250 mm? (simulation) and
from 1090 to 1420 mm?® (experiment), while the
lowest level of defect formation among all
considered systems is observed. Similar to the other
cases, a sharp increase in porosity is recorded at
temperatures above 780°C, which is associated with
intensified gas saturation and deterioration of
solidification conditions.

—— Simulation
1450 —— Experimental

1400
1350
1300
1250 4 ) y

1200 4 /

Porosity (mm3)
AN

1150 4

1100 4 -

1050

1000 T T T T T 1
700 720 740 760 780 800
Pouring temperature

Fig. 3 - Change in porosity as a function of
pouring temperature

In addition to the macroscopic analysis of
porosity, a microstructural analysis of the samples
was carried out using optical metallography
methods. The investigations were performed on
polished sections prepared by standard methods of
mechanical polishing and chemical etching. The
microstructural analysis made it possible to reveal
the distribution of pores, the nature of the dendritic
structure, and the localization of defects depending
on the pouring temperature and the type of gating
system. The obtained microstructural images
further confirmed the results of numerical modeling
and experimental porosity analysis. The obtained
results demonstrate that the pouring temperature
and the type of gating system have a decisive
influence on the formation of porosity in aluminum
castings. The optimal choice is the use of a
separating gating system in combination with a
controlled temperature regime (not higher than
~740-760°C), which ensures the minimization of
turbulence, effective feeding of the casting, and a
reduction in gas and shrinkage defects.

Energy-Dispersive Spectroscopy (EDS) Analysis
The chemical composition of the cast aluminum
was determined by energy-dispersive spectroscopy
(EDS), the results of which are presented in Fig. 4. It
was established that the main phase is aluminum,
while impurities of carbon and oxygen are also
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detected in the samples, which may be associated
with oxidation processes and the interaction of the
melt with the surrounding environment.
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Fig. 4 - EDS analysis of cast aluminum

An increased oxygen content in certain local
areas may indicate the formation of Al,Os; oxide
inclusions, which can act as nucleation centers for
gas pores. From a physical point of view, porosity
formation is associated with a decrease in gas
solubility in the aluminum melt during crystallization
and with the local accumulation of gaseous products
of thermal degradation of the PLA pattern. During
solidification, diffusive release of dissolved
hydrogen occurs, as well as restricted removal of
gases through the mold, which leads to the
formation of closed pores.

The following relationship was
guantitative evaluation of porosity:

used for

W
P= ( - —) 100%
Vs
where is the sample volume, is the dense
volume, M is the sample mass, and p is the material
density.
The dense volume was determined by the
expression:

The obtained experimental porosity values were
compared with the results of numerical simulation.
The average discrepancy between the experimental
and calculated data was less than 8%, which
indicates satisfactory adequacy of the model used.
To increase the reliability of the results,
measurements were carried out on at least three
samples for each casting mode, after which the
mean values and standard deviations were

calculated. The error in porosity determination did
not exceed +2%.

The combination of macro- and microstructural
analysis methods, energy-dispersive spectroscopy,
and experimental determination of porosity made it
possible to comprehensively assess the influence of
technological parameters on defect formation in
aluminum castings.

Thermal Analysis of PLA and PLA Composite

Thermogravimetric analysis (TGA), as well as
derivative curves (DTG) and differential thermal
analysis (DTA), were used to evaluate the thermal
behavior of PLA-based materials employed in
additive manufacturing. The results for pure PLA and
for the PLA composite reinforced with glass fiber are
presented in Figures 5 and 6.

As can be seen from Fig. 5, pure PLA
demonstrates characteristic single-stage thermal
degradation. In the temperature range up to 300 °C,
the mass of the sample remains almost unchanged,
which indicates the absence of moisture and volatile
components. The main decomposition stage occurs
in the interval of 320-380 °C, with a maximum
degradation rate around 360 °C. In this range,
intensive depolymerization is observed with rupture
of ether bonds and release of gaseous products. The
total mass loss is about 95-98%, and the residual
mass does not exceed ~2.4% at 1000 °C (Fig. 5),
which indicates almost complete burnout of the
material.

From the standpoint of the casting process, the
intensive release of volatile products in the range of
320-380 °C is accompanied by the formation of a
gaseous environment inside the mold. If the mold
has sufficient gas permeability, the degradation
products are effectively removed, which reduces the
probability of defect formation. The low residual
mass of pure PLA indicates almost complete burnout
of the pattern and a minimal probability of forming
solid residues in the mold cavity. This contributes to
obtaining a more homogeneous structure of
aluminum castings and reduces the risk of gas
porosity formation. In addition, the EDS analysis
results show that in castings obtained using pure
PLA, the oxygen and carbon contents are minimal,
which indicates more complete removal of thermal
degradation products and a lower probability of
secondary oxidation of the melt during casting.
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Figure 5 - TGA, DTG, and DTA curves for pure PLA
material used in additive manufacturing, demonstrating
single-stage thermal degradation and almost
complete mass loss

From the standpoint of physicochemical
processes, the intensive release of volatile products
in the interval of 320-380 °C can lead to a local
increase in gas pressure inside the mold. If the
molding material has insufficient gas permeability,
this contributes to the formation of gas porosity in
the casting. Thus, the temperature range of the
maximum PLA degradation rate is a critically
important parameter when selecting pattern
burnout modes.

In contrast, the glass-fiber-reinforced PLA
composite (Fig. 6) demonstrates more complex
thermal behavior. Up to 300 °C, no significant
changes in mass are observed, which indicates
system stability. The main decomposition stage is
shifted to a higher temperature range of 350-420 °C,
with a characteristic maximum around 410 °C, which
is associated with the influence of the reinforcing
inorganic phase. The presence of several peaks on
the DTG and DTA curves (=367 °C, 431 °C, 490 °C, and
541 °C) indicates a multistage degradation
mechanism caused by the interaction of the
decomposition products of the polymer matrix with
the glass-fiber surface. The key difference is the
significant increase in residual mass, which amounts
to about 43.61% at 1000 °C, due to the presence of
thermally stable glass fiber. This indicates that the
material is not subject to complete burnout, unlike
pure PLA. The high residual mass of the PLA
composite has a direct effect on the quality of
aluminum castings. Incomplete burnout of the
composite material leads to the accumulation of
residual inorganic particles inside the casting mold,
which worsens the gas permeability of the molding
system and hinders the removal of thermal
degradation products. As a result, a local increase in
gas pressure occurs in the mold cavity, promoting
the formation of gas porosity and surface defects in
the castings. Residual glass-fiber particles can

become centers of local disturbance of the
crystallization of the aluminum melt. This leads to
the formation of microdefects, an increase in the
number of non-metallic inclusions, and a decrease in
the structural homogeneity of the material. The
presence of such inclusions worsens surface quality
and can reduce the mechanical properties of the
finished products.

DTG /(%/min)
TG /% DTA /(uV/mg) DTA /(uV/mg/min)

0.10
0.08
0.06
0.04
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0.00
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Figure 6 - TGA, DTG, and DTA curves for a PLA-based
composite reinforced with glass fiber, demonstrating the
multistage nature of thermal decomposition and a high
residual mass (~43.6%) caused by the presence
of an inorganic phase

A comparison of the thermal curves shows that
the addition of glass fiber leads not only to increased
thermal resistance but also to a longer duration of
gaseous-product release. This may explain the
increased probability of defect formation during
casting, since more prolonged thermal degradation
is accompanied by gas accumulation in the
interfacial regions of the mold. In addition, the
presence of a residual inorganic phase can worsen
the removal of decomposition products and lead to
local inclusions in the casting structure. The EDS
analysis results confirm this assumption. In samples
produced using the PLA composite, an increased
content of oxygen and carbon is recorded, which
may be associated with residual thermal
decomposition products and local oxidation of the
melt. This indicates insufficiently complete removal
of the burnout products of the composite material
and confirms the direct relationship between the
high residual mass of the PLA composite and the
deterioration in the quality of cast products.

A comparative analysis shows that the addition
of glass fiber leads to increased thermal resistance
and a shift in the temperature maxima of
decomposition; however, it is accompanied by an
increase in residual content and a more complex
thermal-degradation mechanism. This is important
for investment-casting processes: while pure PLA
ensures complete material removal without the
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formation of significant residues, the composite
material can lead to the accumulation of inorganic
phases and the formation of defects in the casting
mold.

To increase the reliability of the thermal
analysis, all tests were performed in triplicate. The
temperatures of the maximum decomposition rate
were determined as average values, and the
variation in the results did not exceed £5 °C. The
obtained data demonstrate good reproducibility of
the experimental measurements and agrees with
the results of numerical modeling of thermal-
degradation processes.

Thus, the results of the thermal analysis (Figs. 5
and 6) confirm that pure PLA is a preferable material
for investment-casting technologies, whereas PLA
composites require additional optimization of
burnout modes, including higher temperature and
improved conditions for the removal of
decomposition products.

Conclusion

As a result of the experimental and numerical
studies of the casting process of aluminum with a
purity of 99.85% using investment-casting
technology, the following main conclusions were
established: the pouring temperature is a key
parameter determining the level of porosity of
castings. As the temperature increases in the range
of 700-800°C, a steady increase in porosity is
observed due to the increased solubility of gases in
the melt and intensified flow turbulence. It is shown
that the experimental porosity values (1030-1250
mm?3) systematically exceed the simulation results
(=960-1120 mm3) by 50-130 mm3, which is caused
by the influence of real production factors such as
air entrainment, instability of thermal conditions,
and the limited efficiency of degassing. It was
established that the type of gating-feeding system
has a significant influence on defect formation. The
lowest level of porosity is achieved when a
separating gating system is used, providing
directional solidification and an optimal thermal
gradient. When a top gating system is applied, the
maximum level of porosity is observed due to the
turbulent flow regime and the entrainment of
gaseous inclusions, whereas the bottom system
provides a more stable (laminar) flow but requires
increased mold-filling time.

The modeling results obtained using the Auto-
CAST software package showed a high degree of
gualitative agreement with the experimental data,

which confirms the adequacy of the applied model
and its effectiveness for the engineering
optimization of casting processes.
Thermogravimetric analysis showed that pure PLA
completely decomposes in the range of 320-380°C
with a residual mass of less than 3%, which makes it
a promising material for investment casting. At the
same time, the glass-fiber-reinforced PLA composite
is characterized by multistage decomposition and a
high residual mass (~43.6%), which can lead to
deterioration of mold quality. It was established that
the optimal pouring-temperature range for
aluminum should be within 720-760°C, ensuring a
compromise between melt fluidity and minimization
of porosity. At temperatures above 780°C, a sharp
increase in defect formation is observed, which
requires strict control of the technological regime.
The combination of numerical modeling methods
and experimental studies makes it possible to
effectively optimize the technological parameters of
the casting process and significantly reduce the level
of porosity in aluminum castings.

The practical significance of the results obtained
lies in the possibility of implementing them under
real foundry-production conditions in order to
improve the quality of aluminum castings and
reduce the amount of scrap. The established optimal
pouring-temperature regimes (720-760°C) can be
used in the development of process sheets and
regulations for investment casting of aluminum
alloys. The use of a separating gating-feeding system
makes it possible to reduce the probability of gas
porosity formation and increase the structural
homogeneity of products without a significant
increase in production costs.

The study results can also be used in the design
of technological processes employing additively
manufactured PLA patterns. The use of pure PLA
instead of glass-fiber-reinforced PLA composites
provides more complete burnout of the pattern and
reduces the risk of residual inclusions in the mold.
This is especially important for the production of
thin-walled and critical parts used in mechanical
engineering, the aerospace industry, and the
automotive industry. The use of software modeling
in the AutoCAST environment makes it possible, at
the design stage, to predict zones of probable defect
formation, optimize the design of the gating system,
and reduce the number of expensive experimental
trials. The implementation of such an approach
under production conditions contributes to reduced
material costs, lower metal consumption, and
increased overall technological efficiency of foundry
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production. The obtained results can serve as a basis
for further industrial optimization of investment-
casting processes, including automation of
temperature-regime control, improvement of
degassing systems, and development of new
materials for additive casting patterns.
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PLA HerisiHaeri Kylo yarinepiH naiiganaHy apKbi/ibl aIlOMUHUIA KYHO NPOLECIH
OHTAWNAHADbIPY X3He 0N1apAblH TEPMUANIK dPEKeTTepiH Tangay

Mepkubaes E.C., *4enywraHosaT.A., 'basapbaii b.6., 1bypykosa,l.A.,
'pepnibek A.M., 2Sherstnev P., 2Sommitsch Christof

1Cam6aes yHusepcumemi, Aamamel ,KazakcmaH
2[pay mexHUKanbIK yHusepcumemi, Aecmpus

TYUIHOEME
Makanaga apauTUBTI eHAipic aaicimeH aalblHAanfaH 6GankbiManbl yarinep 6GoMbIHWA Kyto
TEXHONOTMACBIH  KONAAHA  OTbipbIn, Tasanblfbl 99,85%  aNlOMUHMIAI Ky  MPOLECIHIH,

9KCNEPUMEHTTIK KHEe CaHbIK 3epTTeyepiHiH HITUXKeNepi yCbiHbIIFaH. Kyto TemnepaTypacbIHbIH,
KaNbINTbl TONTHIPY YaKbITbIHbIH, YKOHE KYIO YKYMEeCi KOHCTPYKUMACBIHbIH, KeYeKTiNiKTiH Ty3inyiHe
JKOHE aNblHATbIH KyManapAblH canacbiHa acepi TangaHabl. Kyto TemnepatypacbiHbiH, 700-800°C
Makana kengi: 19 Haypei3 2026
CapanTtamagaH eTTi: 20 mamsip 2026
Kabbinganapl: 29 mamsip 2026

apanbiFblHAA Kofapbinaybl 6ankbiMagasbl rasgapAblH, epirilwTiriHii, apTyblHa XoHe afblH
TYpPOYNEHTTINIrHIK, KywetoiHe 6aliNaHbICTbl KEYeKTINIKTIH, yAfaloblHA SKENeTiHi aHblKTanabl.
MeTanabl 6epyain, ofFapfbl KaHe TOMEHTI KylenepimeH canbicTbipFaHaa, 6enriw Kyt »yneci
aKaynapAblH, eH a3 MesiepiH KamTamacol3 eTeTiHi KepceTinreH. CoHbIMeH KaTap, PLA xaHe LWbIHbI
TaNWbIK KOChUIFaH PLA-KOMMNO3UTIHIH TepMUANDBIK Tandaybl Kyprisingi. Taza PLA ic xysiHae TonbIK
aHbIN KeTeTiHi (Kanablk WwamameH 2,4%), an KOMMO3WUT KoFapbl Kanaplk KypambIMeH (“43,6%)
cMnaTTanaTbiHbl aHbIKTaNAb!, 6y Kyt KanbiNTapbiHbIH canacbiHa Kepi acep eTyi MymKiH. AutoCAST
6afmapnamanbiK KeleHiH NnaiganaHy apKplabl afblHFaH MoZeNbaey HITUXKeNepi SKCNePUMEHTTIK
AepeKTepMeH XaKCbl COMKECTIK KOPCETTi KaHe Kyl NpouecTepiH OHTaNaHAbIpy YWiH CcaHAbIK,
MoZenbaeyaiH, TMiMAiniriH pactagpl. ANIOMUHUIAA] KYIOAbIH, OHTalAbl TemnepaTypa AWanasoHbl
720-760°C eKeHi aHbIKTanabl. ANblHFaH HaTuxKenep 6ankbiManbl yarinep 6GOMbIHWA  Kyto
TexHonornacobiHAa PLA KonaaHyAblH NepcneKkTMBabl EKEHIH pacTaiabl *KaHe 8HEPKICINTIK eHAipic
KafaanblHAQ aNIOMUHWIA KyMManapblHbIH, CanacblH apTTbipyFa MyMKIHAIK 6epeai.

Tyiiin ce3dep: 3D-6acbin lwbifapy, 6ajnKbITbiNaTbiH yArinep 6OMbIHWA Kylo, antoMUHWUIA
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OnTMMMU3auma npouecca IMTbA aIlOMUHUA C UCNO/Ib30OBaHUEM JITbEBbIX CXEM
Ha ocHoBe PLA-maTepuanioB U aHa/In3a UX TEPMMUYECKOro NoBeaeHun
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AHHOTAUMA

B cTaTbe NpeacTaBneHbl pe3ynbTaTbl IKCNEPUMEHTAbHBIX M YNCNEHHbIX UCCeA0BaHUIA NpoLecca
NUTbA aNtlOMUHUA YncToton 99,85% C MCNONb30BaHUEM TEXHONOTMIA IUTbA MO BbINJAaBAAEMbIM
MoAenAam, U3roToBNeHHbIM MeTOA0M aAAUTUBHOIO NPOM3BOACTBA. MpoaHann3mMpoBaHo BANAHME
TemnepaTypbl 3a/IMBKW, BPEMEHU 3amnoHeHNA GOPMbl U KOHCTPYKLMU IMTHUKOBOWM CUCTEMBI HA
06pasoBaHMe MOPUCTOCTU U KAYecTBO MOJy4aeMblX OT/IMBOK. YCTAHOB/IEHO, YTO MOBbIWeEHUe
TemnepaTypbl 3aA1BKM B AnanasoHe 700-800°C npMBOAMT K yBEIMYEHUWIO MOPUCTOCTU BCNeACTBUE
poCTa PacTBOPMMOCTM Ta30B M ycuneHus TypbyneHTHOCTM NoOToKa pacnnasa. [okasaHo, yTo
pasfenuTenbHas NIMTHUKOBAA cucTeMa obecneunmBaeT MUHMMaNbHOE KOAMYecTBO aedeKToB no
CPaBHEHUIO C BEPXHEN U HUXKHEWN cucTemamu nogaun metanna. Takxe NpoBeaéH TepMUYECcKUid
aHanu3 PLA 1 PLA-KOMMNO3MTa CO CTEK/IOBO/IOKHOM. YCTaHOBNEHO, YTO YMCTbIN PLA npakTuyeckun
NOMIHOCTbIO BbIrOPaeT (OCTaTOK OKONO 2,4%), TOrAa Kak KOMMO3UT XapaKTepu3yeTca BbICOKUM
OCTaTOYHbIM cogepiKaHuem (~43,6%), YTO MOXKET OTPMLATENbHO BAUATL HA KAYecTBO UTEMHOMN
dopmbl.  PesynbTaTbl MOAENMPOBAHUA, MONYYEeHHble C WCNO/b30BaHWEM MPOrpPaMmMHOro
komnnekca AutoCAST, nokasanu xopollee COOTBETCTBME IKCMEPUMEHTaNIbHbIM AaHHbIM WU
noarsepannn 3GHEKTUBHOCTL YMCAEHHOFO MOAENVMPOBAHUA ANA ONTUMM3AUMU  IUTENHBIX
npoLeccoB. YCTaHOB/IEHO, YTO OMNTUMAZbHbLIN AMANa3oH TemnepaTypbl 3a/MBKU aNtOMUHUA
coctaBnaer  720-760°C. lonyyeHHble  pe3ynbTaTbl  MNOATBEP)KAAOT  MEPCNEKTUBHOCTb
ncnonb3osaHma PLA B TeXHONIOMMM IMTbA NO BbINAABAAEMbIM MOAENAM U NO3BONAIOT MOBbLICUTL
KayecTBO alOMUHUEBBIX OT/IMBOK B YCIOBUAX MPOMBILLINEHHOTO NPON3BOACTBA.

Keywords: 3D-ne4aTb, IMTbe MO BbINIaBAAEMbIM MOAE/IAM, aJIOMUHMEBbIE CMJIaBbl, aAAUTUBHOE
NPOM3BOACTBO, NPOMBbILWNEHHOE NPOU3BOACTBO, MHHOBALMOHHbIE NPON3BOACTBEHHbIE NPOLLECChI.
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