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ADDITIVE TECHNOLOGIES: RESEARCH, APPLICATION IN THE DESIGN
AND MANUFACTURING OF AVIATION INDUSTRY STRUCTURAL ELEMENTS

The article focuses on the application of additive technologies in the design and manufacturing of aviation
structural elements under modern requirements for strength, weight reduction, reliability, and economic effi-
ciency. The goal of the study is to develop and substantiate an integrated analytical approach to optimizing
additive manufacturing processes in aircraft production. The tasks addressed include: analyzing of current ad-
ditive technologies in aerospace engineering; developing mathematical models of thermomechanical processes
and porosity formation; optimizing of printing parameters and material composition; and conducting a compar-
ative evaluation of traditional and additive manufacturing methods. The methods employed comprise the finite
element method, thermomechanical and porosity modeling, multi-criteria optimization, and experimental inves-
tigation of the mechanical properties of metallic and polymer materials. The following results were obtained:
mathematical models for predicting thermal deformation, structural heterogeneity, and strength characteristics
were developed; the influence of process parameters on microstructure formation and defect minimization was
determined; it was established that the optimization of printing parameters reduces material consumption by up
to 30%, decreases product weight by 10-25%, reduces production time by a factor of 2—-3, and lowers costs by
up to 40%. A tensile strength of up to 1260 MPa was achieved for SLM-manufactured titanium components. In
addition, the proposed integrated modeling approach enabled quantitative prediction of porosity levels and re-
sidual stress distribution, improving dimensional accuracy and structural reliability of critical aviation compo-
nents. Comparative analysis confirmed that additive technologies demonstrate the highest efficiency in manu-
facturing geometrically complex and weight-critical parts, where traditional methods are limited in design flex-
ibility and material utilization efficiency. Conclusions. The scientific novelty lies in the development of an inte-
grated modeling and optimization framework for the additive manufacturing of aviation components, ensuring
improved structural integrity, reduced defect levels, enhanced production efficiency, and increased competitive-
ness in aviation manufacturing.

Keywords: finite element method; porosity analysis; optimization methods; printing parameters; experimental
methods; mechanical strength; structural integrity; part quality.

[6, 7], additive manufacturing allows you to create
unique designs that traditional methods cannot imple-
ment, which are especially important for the aerospace
industry. The relevance of the study of the issues raised
in the article was due to the urgent need in the aircraft
industry to find production and design ways to reduce the
mass of aircraft structures, optimize their strength, in-

1. Introduction

Today, aviation is one of the most technologically
complex and knowledge-intensive industries, requiring
constant improvement of production processes, materi-
als, and structures [1, 2]. As noted in [3], the modern de-
velopment of the aviation industry directly depends on

improving production technologies that allow creating
lighter, stronger, and more economically profitable struc-
tures. One of the key areas of modern aviation engineer-
ing is the use of Additive Technologies (AT), which
opens new opportunities for designing and manufactur-
ing aircraft elements. By [4], AT in modern aviation en-
gineering provides flexibility, cost-effectiveness, and ef-
ficiency in creating aviation components. In turn, the
need to introduce AT into the production of aviation
structures is also dictated by the growing requirements
for the reliability, strength, and adaptability of aircraft
and unmanned aerial vehicle elements [5]. According to

crease fuel efficiency, and reduce production costs. From
the technical side, the relevance of the study of additive
manufacturing in designing and producing aircraft struc-
tures is due to the rapid development of new production
methods that allow for significant increases in efficiency,
reductions in costs, and optimization of the manufactur-
ing process of complex parts. According to [8, 9], tradi-
tional material processing methods have significant lim-
itations in creating complex geometric shapes and lead to
considerable waste of materials. In contrast, additive
manufacturing, based on layer-by-layer material deposi-
tion, allows you to minimize production waste, reduce
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the number of assembly units, and improve the aerody-
namic characteristics of parts.

1.1. Motivation

The studies presented in this article belong to the
field of engineering sciences and aerospace manufactur-
ing, particularly to the area of additive technologies (AT)
applied to the design and production of structural ele-
ments of the aviation industry.

The relevance of the topic is o6ycnosnena (justified
by) the rapid development of additive manufacturing
technologies and their increasing adoption in leading aer-
ospace companies for producing critical components of
aircraft structures and engines. The integration of AT
makes it possible to create complex-shaped parts, reduce
structural weight, shorten production cycles, and improve
material utilization efficiency. At the same time, a num-
ber of technological, material, and organizational chal-
lenges remain unresolved, especially those related to me-
chanical properties, surface quality, repeatability of re-
sults, and post-processing requirements.

In general, the problem addressed in this paper is
the need for a comprehensive analysis and optimization
of additive technologies in the context of aviation manu-
facturing, taking into account both technological capabil-
ities and practical limitations. From a scientific and prac-
tical point of view, this problem is directly related to the
tasks of increasing the reliability, efficiency, and eco-
nomic feasibility of producing aircraft structural ele-
ments.This section provides an analysis of recent re-
search and publications devoted to the application of ad-
ditive technologies in aerospace engineering, with partic-
ular attention paid to the previously unresolved aspects
of the problem, such as optimization of printing parame-
ters, improvement of material properties, and integration
of additive and traditional manufacturing processes.The
purpose and objectives of the study are interrelated and
correspond to the topic stated in the title of the paper. The
research objectives are formulated and listed below.

1.2. State of the art

According to [10], the current state of research in
the field of the application of additive technologies in the
design and production of structural elements of the avia-
tion industry indicates the active development of 3D
printing technologies using metal powders, composite
materials, and polymers. The authors emphasize that
leading aircraft manufacturing companies, such as Boe-
ing, Airbus, General Electric, and Rolls-Royce, already
use AT to manufacture elements of aircraft engines and
wings. At the same time, one of the promising directions
is the development of methods for optimizing printing
processes and combining additive technologies with

traditional manufacturing methods, which allows achiev-
ing high accuracy and mechanical strength of products
[11]. In [212], it is noted that the aviation industry is cur-
rently undergoing significant changes due to the integra-
tion of 3D printing and other additive methods, which
contribute to the creation of lighter, stronger, and func-
tionally optimized structural elements. In [13], special at-
tention is paid to the use of additive technologies for
manufacturing aircraft structural components. The au-
thors investigate various additive manufacturing meth-
ods, including topological optimization, which makes it
possible to create highly loaded structures with minimal
weight. They also propose approaches to assessing the
economic feasibility of implementing additive technolo-
gies and analyze their impact on overall production effi-
ciency. The results show a significant reduction in devel-
opment and manufacturing time, although the need for
further research aimed at improving materials and pro-
cesses is emphasized. The work [14] analyzes the current
state of additive manufacturing in aviation and rocketry,
focusing on its implementation in leading companies
worldwide. The authors demonstrate that 3D printing is
effective for producing parts operating under high tem-
peratures and mechanical loads. Their results confirm
that additive methods enable the creation of complex
structures with reduced mass, which contributes to im-
proved fuel efficiency. However, it is also noted that
some technologies still require refinement to increase
material strength and part durability.In [15], the main at-
tention is paid to the use of additive technologies in the
production of robotic components and parts related to the
aviation industry. The authors classify parts according to
the materials used and printing technologies, and also
consider the prospects of 4D printing, which involves the
creation of elements capable of transformation over time.
The results indicate significant potential for manufactur-
ing parts with complex geometries, while emphasizing
the need for additional machining and quality control to
meet aerospace standards. The work [16] focuses on the
fundamental aspects of additive manufacturing, various
3D printing technologies, and their applicability in the
aviation industry. The authors analyze key quality param-
eters, such as mechanical properties, manufacturing ac-
curacy, and structural integrity. A hybrid approach com-
bining additive methods with traditional machining is
proposed, which allows achieving higher accuracy and
increased durability, but requires significant costs for
post-processing and quality control. In [17], the applica-
tion of selective laser melting (SLM) and electron beam
melting (EBM) in the production of aviation parts is con-
sidered. The authors emphasize that these methods en-
sure high material density and excellent mechanical char-
acteristics, making them promising for aerospace appli-
cations. They propose the use of special alloys optimized
for additive manufacturing to improve thermal and
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mechanical stability. At the same time, certain limitations
related to surface quality and the need for additional pro-
cessing are noted. A separate group of studies [18, 19] is
devoted to analyzing the influence of printing parameters
on the microstructure and mechanical properties of parts
produced by laser sintering of metal powders. The au-
thors show that controlled regulation of the melting pro-
cess allows minimizing the formation of microcracks and
defects, which is especially important for aviation com-
ponents. However, the need for careful selection of pa-
rameters for each material complicates large-scale imple-
mentation.

In [20], the authors focus on the use of additive
technologies for producing composite aviation materials
that combine low weight and high strength. They inves-
tigate the prospects of using carbon and ceramic fillers in
combination with polymer or metal matrices and propose
a multilayer printing method with material combination,
which improves mechanical properties. Although such
materials show high potential for aerospace applications,
further improvement of technological processes is re-
quired for their widespread use.

Thus, the analysis of foreign research confirms that
additive technologies open wide opportunities for the
aviation industry, enabling the creation of complex ge-
ometries, reduction of aircraft weight, and improvement
of performance characteristics. At the same time, the
need for further research aimed at improving materials,
printing quality, and post-processing methods is clearly
emphasized.

1.3. Objectives and tasks

Purpose of the study

The purpose of this study is to analyze and optimize
the use of additive technologies in the design and produc-
tion of structural elements in aviation, as well as to iden-
tify the advantages and challenges of implementing 3D
printing in aircraft construction.

Research objectives

To achieve the stated purpose, the following re-
search objectives are defined:

1. To conduct a review of modern scientific ap-
proaches and principles related to the optimization of 3D
printing parameters in the design and production of struc-
tural elements of the aviation industry.

2. To assess the advantages and challenges of im-
plementing 3D printing in aircraft construction in terms
of quality, cost-effectiveness, and reliability of parts.

3. To perform a comparative analysis of traditional
and additive manufacturing methods in order to identify
the most effective production approaches for aviation
structural components.

Structure of the article

The article is structured as follows. Section 2 pre-
sents the materials, methods, and modeling approaches
used in the study. Section 3 discusses the obtained results
and their analysis. Section 4 concludes the article by sum-
marizing the main findings and outlining prospects for
further research.

1.4. The goal and tasks

The goal of this article is to scientifically substanti-
ate and develop a comprehensive approach to improving
the efficiency of applying additive technologies in the de-
sign and manufacturing of aviation structural elements,
taking into account requirements for mechanical
strength, weight reduction, technological reliability, and
economic feasibility.

Research Obijectives. To achieve the stated pur-
pose, the following objectives are defined:

- to analyze the current state and development
trends of additive technologies in aviation manufactur-
ing;

- to formalize the key physicomechanical pro-
cesses occurring during layer-by-layer material synthe-
sis, including heat transfer, thermal deformation, porosity
formation, and structural heterogeneity;

- to develop and adapt mathematical models for
predicting part quality, mechanical performance, and de-
fect formation;

- to substantiate multi-criteria optimization ap-
proaches for selecting 3D printing parameters and mate-
rial composition;

- to conduct a comparative assessment of tradi-
tional and additive manufacturing methods in terms of
technical performance and economic efficiency.

2. Materials and methods of research

The study used systematic analysis methods, critical
review, and synthesis of scientific sources devoted to us-
ing additive technologies to design and produce aviation
structural elements.

The selection of scientific works was from authorita-
tive international databases, such as Scopus, Web of Sci-
ence, IEEE Xplore, and ScienceDirect, focusing on pub-
lications of the last 10 years.

The main criteria for selecting sources were relevance
to the topic (3D printing in the aviation industry), practi-
cal or experimental results, citation, and scientific nov-
elty.

During the analysis, thematic classification of works
was carried out in the following areas: optimization of
printing parameters, mechanical characteristics of mate-
rials, economic feasibility, comparison of traditional and
additive technologies, and prospects for the development
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of the industry. Based on the generalization of data, an
analytical synthesis was performed to identify leading
trends, challenges, and potential areas for improving ad-
ditive technologies in the aviation industry.

3. Results and Discussion

3.1. Results

The use of AT to manufacture metal components
can lead to uneven heating of the material during the
printing process. This causes thermal deformations that
affect the product's geometry and can degrade mechani-
cal properties, especially strength and accuracy. Accord-
ing to [3], the heat transfer equation can be used to predict
thermal deformations:

% = aV?*T + p%, 1)
where:

T is temperature,

t istime,

a is thermal conductivity coefficient,

V2T is Laplacian of temperature (spatial change in
temperature),

Q is the amount of heat used for production,

p is density of the material,

a is heat capacity.

The solution to this problem allows you to model
the temperature distribution throughout the object and
identify areas with elevated temperatures where defor-
mations can occur. Then, using the deformation model
[4], you can take these temperature changes into account
to adjust the printing process parameters:

£ = AT, )

where:
€ is thermal expansion,
a is coefficient of thermal expansion,
AT is temperature change.

A solution to the problem raised by [2, 4] may in-
clude:

— the use of controlled cooling conditions ensures
uniform temperature distribution;

— simulation and optimization of the cooling pro-
cess to prevent a significant amount of thermal defor-
mation.

At the methodological level, when considering the
problem of material structure heterogeneity (structural
defects), it should be noted that, according to [3], during
the additive manufacturing process, the material may

possess a non-uniform microstructure, which leads to de-
fects (e.g., porosity or insufficient particle bonding).
These defects can reduce mechanical properties, particu-
larly tensile strength and fatigue resistance. One of the
mathematical modeling approaches for this issue, accord-
ing to [7, 9], is the use of finite element methods to assess
stresses and defects in the material. In this case, the solu-
tion of the equations for material displacements under
conditions of structural heterogeneity can be expressed
through:

Ku=f, (©)]

where:
K is stiffness matrix,
u is displacement (deformation) vector,
f is force vector.

According to [10], the consideration of structural
inhomogeneities can be modeled through discretizing the
material at the micro level, where each particle or zone
will have its properties (porosity, hardness, etc.). This ap-
proach allows a more accurate prediction of the material's
behavior under loads. In practice, the methodological so-
lution to this problem is:

— Using more “precise” materials for 3D printing,
such as composite materials or alloys with better micro-
structural uniformity;

— increased control over process parameters to
minimize defects (temperature, printing speed, powder
type, etc.).

In the works [10, 11], the problem of increased ma-
terial porosity is partially raised: one of the common
problems is the formation of porosity in final products,
especially when using metal powders.

Pores can result from incorrect printing parameters
or low-quality materials [12]. To analyze porosity in ma-
terials, the theory of porous media can be used, modeling
the processes of sintering and crystallization, which in-
clude changes in volume and pore shape. One of the
mathematical models that describes porosity in materials,
according to [13], may look like this:

Vpores = Vinitial — Vfinals @)
where:
Vpores 1S pore volume,

Vinitial 1S initial volume,
Viinal 18 final volume after the sintering process.
According to [3], porosity prediction can also be
performed by modeling in the case of fluid flow through
a porous material using Darcy's equation:

—

9=— EVP, (5)
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where:

9 is flow rate,

k is permeability of porous media,

p is liquid viscosity and pressure gradient. In prac-
tice, the methodological aspects of solving this problem
are reduced to the following areas:

— improving the quality of powder materials [6];

— optimizing the printing process parameters to
minimize porosity (temperature, printing speed) [7];

— using methods that control the structure of the
powder and its uniform distribution [9, 10].

In the works [11, 13], the problem of surface defects
and manufacturing accuracy is partially addressed: Sur-
face defects, such as irregularities or defects, can occur
during the printing process due to process instability or
incorrect parameter settings. This is especially critical for
aviation components, where accuracy is crucial [22].

For modeling and optimizing the printing process,
equations for estimating displacements and temperature
differences [12], as well as loss and wear functions in the
processing process [10, 14], are often used:

2
_Z?=1(Tactual _Ttarget)
Fsurface_ , (6)

n
where:
Tactual 1S actual temperature at the point,
Tiarget 1S target temperature,
n is number of measurement points.

According to [23], the solution to this problem is:

— using methods of constant control of tempera-
ture and printing speed,;

— more precise technologies, such as laser polish-
ing or mechanical finishing after printing, are used to
achieve high surface quality.

Optimization problems associated with using AT in
the design and production of structural elements of the
aviation industry include several complex tasks that re-
quire an integrated approach to improving the quality, ac-
curacy, and efficiency of processes. One of the main
problems is the selection of optimal process parameters,
such as printing speed, temperature, layer thickness, ma-
terial flow, etc. Incorrect choice of these parameters can
lead to product defects, such as porosity, thermal defor-
mations, or insufficient strength. Optimization of process
parameters can be carried out using mathematical models
that include multi-criteria optimization methods. The
main task is to minimize several loss functions. Losses
on surface defects:

2
Lsurface = Z?:l(Tactual - Ttarget) ) (M

where:
Tactual 1S the actual temperature at the point, and

Trarget 1S the target temperature.
Porosity losses:

2
Lporosity = Zinzl(Pactual - Ptarget) (8)

where:
P,ctual 1S actual porosity level,
Prarget 1S desired porosity level.

The optimization process can be formulated as a
problem of minimizing a loss function with resource and
time constraints ming,, . 3f(x1,%, ..., %) provided
that:

gi(xl'XZJ ...,Xk) S OVi, (9)

where:
f(x) is loss function (e.g., total defects),
g;(x) is resource or parameter restrictions [22].

The selection of optimal materials for 3D printing
is a principal factor in achieving high strength and accu-
racy of the final product. The materials must have prop-
erties that meet the requirements of the aviation industry,
such as high temperature resistance, strength, and corro-
sion resistance.

Optimizing the material composition can be de-
scribed as finding the best ratio of material components
to achieve maximum properties. This can be done using
multi-criteria optimization methods, evaluating material
characteristics such as strength, ductility, and heat re-
sistance.

Mathematically, the above can be expressed in
terms of the cost or quality function of the material:

fnaterial (@1, 32, o) @n) = XiL; 05 * @, (10)
where:
a; is characteristic of the i'" component of the material
(e.g., strength, ductility),
w; is a weighting factor that determines the im-
portance of each characteristic. The selection of optimal
material parameters is a maximization problem:

maX{xl,xz,...,xk}fmaterial(alt 0z weey Oge).- (11)

Also, aviation components have complex geometry,
and additive technologies allow manufacturing parts with
an optimized shape to ensure minimal weight and maxi-
mum mechanical properties. However, complex optimi-
zation modeling is required for each specific part to
achieve the ideal shape. The problem of optimizing the
geometry of the structure can be posed as minimizing a
loss function that considers loads and mechanical prop-
erties:
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mingg[ f; 6(x)2dVv], (12)
where:
where: M(Xy,X,,..-,X, ) is material characteristics,

o(x) is stress at a point,
V is volume of the structure,
X IS geometry parameter set constructions.
Mathematical modeling uses finite element meth-
ods to analyze stresses and deformations of structures.
After printing, the structural elements require addi-
tional processing to achieve the required accuracy and
surface finish. Post-processing can include grinding, pol-
ishing, heat treatment, etc. Post-processing optimization
aims to minimize the time and resource costs while
achieving a given accuracy. Mathematically, this can be
expressed as the processing time minimization problem
with accuracy constraints:

ming LiL, t, (13)
where:
t; is time required to process the it stage.
Accuracy limitations:
|Pactual - targetl <€. (14)

Next, we will consider a model for integrating vir-
tual modeling with additive technologies, which involves
using simulation and mathematical models to optimize
the geometry of components before their actual manufac-
ture. This reduces design time and ensures production
processes’ safety and high efficiency. The model consid-
ers all production stages, from design development and
material selection to testing and post-processing.

Mathematical modeling of component geometry:

V) = I, 0 £ ), (15)
where:
V(x) is the geometry of the component in space,
w; is the weight of each element,
f;(x) is a function describing the geometric charac-
teristics of the i™" component.

Next, we will consider a model for automated ma-
terial selection using artificial intelligence methods for
aviation components. This model involves using artificial
intelligence to select optimal materials that meet the re-
quirements of the aviation industry. Thanks to machine
learning algorithms, it is possible to predict which mate-
rial will be best for a particular component in terms of its
mechanical properties, thermal resistance, costs, variabil-
ity of printing processes, etc. Modeling material charac-
teristics:

M(xl,xz,...,xn)=zzcoi~pi (%i), (16)
i=1

pi(x;) is function for each material property

(strength, ductility, heat resistance),
®; is weighting factor for each characteristic.

Consider a multi-criteria optimization model fo-
cused on solving problems where it is necessary to en-
sure maximum efficiency according to several criteria,
such as weight reduction, strength increase, and durabil-
ity [22].

This approach can be applied to the design of air-
craft components, where each criterion has a weight, and
as a result, it is necessary to find a compromise between
them. The problem can be formulated as minimizing (or
maximizing) several functions simultaneously.

Analyzing the adaptive post-processing control
model, which is the automation of the processing process
of 3D printed components to achieve a given accuracy
and surface quality. This approach involves using embed-
ded sensors and algorithms that can adjust processing pa-
rameters in real time based on data about defects that ap-
pear in the process. Analyzing the model of advanced
simulation of thermal and mechanical properties of addi-
tively manufactured structures [11], it is worth noting
that this model allows simulating the thermal and me-
chanical properties of components manufactured using
additive technologies.

This is important for assessing materials' behavior
during operation, particularly for aircraft structures sub-
jected to significant loads and changes [12].

As we can see, the models considered open new op-
portunities for increasing production efficiency, accu-
racy, and reliability in the aviation industry, using addi-
tive technologies to create innovative components. Math-
ematical analysis of problems in additive technologies al-
lows accurate modeling of the processes occurring in ma-
terials and the development of optimization methods to
achieve high quality of the final product.

Mathematical models allow for predicting possible
defects and reducing their impact on the final product,
which is especially important in the aviation industry.
Next, we will consider models that consider the main pro-
cess parameters, such as accuracy, printing speed, mini-
mum part size, layer thickness, and material strength [22,
23].

1. Selective Laser Melting (SLM) A productivity
model based on laser energy and powder melting param-
eters:

P

Egim = E! 17

where:
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Egpm IS specific energy of fusion (J/mm?),
P is laser power (W),
9, is scanning speed (mm/s),
dy, is laser beam diameter (mm).
Layer thickness model:

EsLm
p-cp-AT’

(18)

hgm =
where:
p is material density (kg/m?),
Cp Is specific heat capacity (J/kg-K),
AT is temperature difference (K).
2. Selective Laser Sintering (SLS) Density model of
the structure after sintering:
Dgps = (1 — e™@FsLs)D, (19)
where:
Dg. s is density of the final product,
Egg iS specific laser energy (J/mm?),
a is energy penetration coefficient,
D, is initial powder density.
Production speed:
Vsis = 95 - dp - h, (20)
where h is layer thickness (mm).
3. Stereolithography - SLA:

a=2m(E)

B \Ec (21)

where:

d is depth of resin hardening (mm),

D,, is light penetration coefficient (mm),

B is exponential light absorption factor,

E is laser power (J/mm?),

E. is critical power for polymerization.

4. Direct Metal Laser Sintering (DMLS) for which

the formula for the rate of layer formation is:

Pt
R - —
DMLS oL’

(22)
where:

Rpmis IS layer formation rate (mm?/s),

T is laser efficiency coefficient,

p is metal density (kg/m?),

L is specific heat of fusion (J/kg).

5. Fused Deposition Modeling (FDM) for which the

material delivery rate is:

Q=A-9, (23)

where:

Q is volume of material being fed (mm?/s),
A is cross-sectional area of the thread (mm?),
O¢ is feed rate (mm/s).

Layer thickness:

hFDM = dnozzle f, (24)

where:
dpozz1e 1S NOZzle diameter (mm),
f is layer compression ratio.
6. Electron Beam Melting (EBM). Electron beam
absorption model:

P

Tegm = F'P'Cp' (25)
where:
Tegm IS Melting point (K),
A is beam exposure area (mm?).
7. Multi Jet Fusion (MJF). Fill factor:
)
F - Vp, (26)

where:
m,, is powder mass (g),
V, is product volume (cm®).
8. Wire Arc Additive Manufacturing (WAAM)
Wire melting equation:

@)

where:
M is mass of molten material (g/s),
H; is heat of fusion (J/g).

The above models help assess each technology's ef-
fectiveness and predict the production process's parame-
ters. Table 1 presents the review results of the main types
of modern additive technologies used to produce ele-
ments of the aviation industry.

Table 1 shows that modern additive technologies
cover many methods for manufacturing parts for the avi-
ation industry, from inexpensive polymer prototypes to
high-tech metal structures.

Technologies such as SLM, EBM, and DMLS pro-
duce strong, complex, and lightweight parts from tita-
nium, aluminum, and nickel alloys, which are critical for
reducing aircraft weight and increasing efficiency. More
affordable methods like FDM or LOM are used to create
mock-ups, aerodynamic models, and internal elements.
It is also noticeable that from 2000 to 2024, innovative
technologies such as CLIP, MJF, WAAM, and Binder
Jetting have appeared, significantly expanding the capa-
bilities of 3D printing in aviation regarding materials and
production scale.
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Table 1
Results of considering the main types of modern additive technologies
used to produce elements of the aviation industry
Technolo Applications in Features of ap-
tvpe 9y Description Developer the aviation in- Features plication in air-
yP dustry craft structures
FDM (Fusion Applying a layer | Stratasys Prototypes, plas- Low cost, Layouts, body el-
Deposition of molten plastic | (USA), 1980s | tic, and composite | easy to use, ements, ventila-
Modeling) to form a part parts limited dura- | tion ducts
bility
SLM Laser melting of | Fraunhofer Metal parts made | High precision | Structural ele-
(Selective metal powder Institute of titanium, alumi- | and durability | ments, fasteners,
Laser Melting) (Germany), num, nickel wing parts
1995
SLS (Selective | Laser sintering of | Carl Deckard, | Prototypes, func- | No need for Internal
Laser polymer and Univ. of tional elements supports components, seals
Sintering) metal powders Texas, 1980s | made of polymers
EBM (Electron | Electron beam Arcam AB Engine structures, | Vacuum Turbine parts,
Beam Melting) | melting of metal | (Sweden), supporting operation, power units
powders in vac- 1997 elements high density
uum
LOM Overlaying and Helisys Inc. Large prototypes, | Cheapness, Aerodynamic
(Laminated gluing layers of (CIIIA), 1990 | models simplicity models,
Object paper or plastic demonstration
Manufacturing) elements
DMLS (Direct | Like SLM: Laser | EOS GmbH Parts made of Detailing, Complex sup-
Metal Laser sintering of metal | (Germany), high-strength met- | automation ports, structures
Sintering) powder with 2000-present | als with channel
greater precision openings
CLIP (Contin- | Rapid polymer Carbon 3D Flexible Extremely Production of
uous Liquid In- | molding from (USA), 2015 | prototypes, high speed, molds for compo-
terface Produc- | photopolymer injection molds smooth sur- site materials
tion) resin face

Note: The author developed the Source of the figure based on the analysis [22,24].

Most modern solutions are focused on increasing
speed, accuracy, and reducing cost, and allowing the pro-
duction of unique designs with minimal processing costs,
which indicates the active integration of additive manu-
facturing into key design and manufacturing processes of
aircraft structures.

Table 2 presents the analysis of the properties of
basic materials for additive technologies in the aviation
industry.

Table 2 shows that each material has unique prop-
erties determining its optimal application in the aviation
industry. Due to its high strength, corrosion resistance,
and lightness, titanium is ideal for manufacturing critical
structural elements, such as engine parts. Aluminum,
which is characterized by lightness and high thermal con-
ductivity, isused in components operating under high

temperatures and mechanical loads. With its high
strength and ability to withstand high loads, steel is used
to manufacture power elements and frame structures,
where maintaining stability under high pressure is criti-
cal. Titanium alloys, with high corrosion resistance and a
high melting temperature threshold, are used to manufac-
ture parts operating under challenging conditions, such as
high loads and extreme temperatures. Polymers and com-
posites, due to their lightness and flexibility, are used to
manufacture prototypes, lightweight structures, and addi-
tional components, where high mechanical strength is not
required. Still, low weight and the ability to combine with
other materials are essential in Table 3. The latest ad-
vances in the application of additive technologies in pro-
ducing parts for the aviation industry are reviewed.
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Table 2

Results of analysis of properties of basic materials for additive technologies in the aviation industry

conductivity

Material Properties Applications in the aviation industry
Titanium High strength, corrosion resistance, | Manufacturing important structural elements
light weight such as engine parts
Aluminum Lightness, high thermal Components operating under high tempera-

tures and mechanical loads

Steel
loads

Strength, ability to withstand heavy

Manufacturing power elements, frame struc-
tures

Titanium alloys
melting point

High corrosion resistance, high

Production of parts operating in critical condi-
tions (temperatures, loads)

Polymers and
composites

Lightness, flexibility, possibility of
combination with other materials

Prototypes, lightweight designs, additional
components

Note: The author developed the Source of the figure based on the analysis [25,26].

Table 3 shows that recent advances in the use of ad-
ditive technologies in the aviation industry indicate sig-
nificant progress in manufacturing high-tech compo-
nents. In 2023, Selective Laser Melting (SLM) technol-
ogy was used to manufacture turbine blades from tita-
nium alloys, which have high strength and can withstand
temperatures up to 1668°C, increasing engine reliability.
Another innovative achievement was the integration of
intelligent sensors into parts through additive technolo-
gies, which allows monitoring the condition of compo-
nents during operation. In 2024, the development of com-
posite materials based on carbon fibers made it possible
to manufacture lightweight and durable components for
aircraft structures. In parallel, introducing multi-laser
systems in SLM technology significantly improved the
production speed of complex turbine elements and air-
craft fuselages. Another significant achievement was us-
ing electron beam melting (EBM) technology to manu-
facture complex geometries from nickel alloys, which al-
lows the creation of parts that can withstand extreme tem-
peratures and loads. These achievements open new op-
portunities for improving production processes and in-
creasing the reliability of aviation systems. Table 4 pre-
sents the results of a review of the latest materials for ad-
ditive technologies in the aviation industry.

Reviewing the latest materials for additive technol-
ogies in the aviation industry shows significant progress
in developing materials that meet the high requirements
for aviation components. In 2023, titanium alloys Ti-6Al-
4V are used to manufacture turbine blades and engine
components due to their high strength (1000-1100 MPa)
and melting point of 1668°C. In 2024, aluminum alloys
AlSi10Mg provide good strength (350-450 MPa) and are
used to manufacture structural elements such as aircraft
fuselages and wings. Carbon fiber-based composites
(strength 600 MPa) manufacture lightweight components
of suspension structures and aircraft wings. Fiberglass
with a strength of 250-350 MPa is used for the manufac-

ture of interior trim elements and panels, and nickel al-
loys Inconel 718 with a strength of 1300 MPa and heat
resistance up to 1000°C are used in the manufacture
of turbine blades and high-temperature engine compo-
nents. These materials significantly improve the perfor-
mance of aviation systems. Table 5. analyzes the main
modern achievements in using additive technologies to
reduce weight and improve aerodynamic properties.

Table 5 clearly shows that the latest advances in the
use of additive technologies for the aviation industry fo-
cus on two main areas: weight reduction and improved
aerodynamic performance. Various 3D printing methods
allow the production of components with high mechani-
cal properties, such as high strength and thermal stability,
directly affecting the efficiency of aircraft and their en-
gines. Innovative technologies such as electron beam
melting (EBM) and selective laser melting (SLM) are es-
sential, as they allow the creation of parts with high
strength and resistance to high temperatures, which are
especially important for turbine blades and other high-
temperature components. Latest trends emerging from
the table include the significant integration of porous ma-
terials for weight reduction, the use of composite materi-
als to reduce the weight of the fuselage and wings, and
the continuous development of methods such as Direct
Energy Deposition (DED) for modeling aerodynamic
components. These trends contribute to creating elements
that are not only lightweight but also have high strength
and flexibility, which allows for improved aerodynamic
properties and reduced fuel consumption, which is a key
factor in reducing the cost of air transportation. Modern
technologies are actively used by companies such as GE
Auviation, Rolls-Royce, Boeing, Airbus, and Pratt &
Whitney, which indicates their enormous potential and
future application in the aviation industry. Table 6 pre-
sents the analysis results of the latest technologies and
materials used in additive technologies in aircraft con-
struction.
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Recent advances in the application of additive technologies

in the production of parts for the aviation industry

Table 3

Achievement

Technology

Parameters and characteristics

Manufactured parts
and applications

Manufacturing turbine
blades from titanium
alloys

Additive manufactur-
ing (Selective Laser
Melting)

Titanium (Ti-6Al-4V), tensile
strength 1000 MPa, melting point
1668°C

Turbine blades for air-
craft engines operating at
high temperatures.

Integrating smart sen-
sors into parts via AT

SLS, FDM, Direct
Energy Deposition

Sensor integration into materials,
high temperature resistance, high
accuracy

Engines, components for
real-time condition moni-
toring during operation.

Development of com-
posite materials for
blood pressure

Fused Deposition
Modeling (FDM)

Carbon fiber composite, strength
600 MPa, modulus of elasticity
70 GPa

Lightweight components
for aircraft structures.

Improving production
speed with multi-laser
systems

Multi-laser Metal
Printing (SLM)

Titanium alloys, high printing
speed, layer thickness 30 microns

Complex elements of tur-
bines and aircraft fuse-
lages.

Manufacturing com-
plex part geometries
using EBM

Electron Beam
Melting (EBM)

Nickel alloy Inconel 718, temper-
ature resistance up to 1000°C,
tensile strength 1300 MPa

Turbine blades, high-
temperature parts for jet
engines.

Note: The author developed the Source of the figure based on the analysis [27,28].

Table 4

Results of the review of new materials for additive technologies in the aviation industry

Material

Technology

Mechanical
properties

Aviation applications

Titanium alloys (Ti-6Al-4V)

(SLM)

Selective Laser Melting

Tensile strength 1000-
1100 MPa, melting
point 1668°C

Manufacturing turbine
blades and engine com-
ponents.

Aluminum alloys (AlSi10Mg)

Fused Deposition
Modeling (FDM)

Tensile strength 350-
450 MPa, modules of
elasticity 70 GPa

Structural components of
fuselages, wing elements,
skin.

Carbon fiber composites

Continuous Filament
Fabrication (CFF)

Strength 600 MPa,
modulus of elasticity
70 GPa

Lightweight components
for suspension structures
and aircraft wings.

Cxiomnacruk (Glass-Fiber

Reinforced Plastics)

FDM, SLS

Strength 250-350
MPa, modulus of elas-
ticity 30-45 GPa

Production of interior
decoration elements and
panels.

Nickel alloys (Inconel 718)

(EBM)

Electron Beam Melting

Tensile strength 1300
MPa, heat resistance
up to 1000°C

Turbine blades, high-
temperature engine com-
ponents.

Note: The author developed the Source of the figure based on the analysis [29,30].
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Table 5
The main current achievements in using additive technologies are reducing mass
and improving aerodynamic properties.
Achievement Technology Characteristics Application

Turbine blade optimization

Selective Laser Melt-
ing (SLM)

Strength 1000 MPa,
melting point 1668°C

Turbine blades to reduce
fuel consumption

Integrating porous materials for
weight reduction

SLS, FDM

Density 2.7 g/cm?,
strength 500 MPa

Components for aircraft
wings and fuselages

Modeling of aerodynamic
components

Direct Energy
Deposition (DED)

Strength 900 MPa,
flexibility 20%

Aerodynamic
components, drag

reduction
Development of turbine blades | Electron Beam Strength 1200 MPa, heat | Turbine blades for
with aerodynamic elements Melting (EBM) resistance up to 950°C engines

Using composite materials to re-
duce weight

Continuous Filament
Fabrication (CFF)

Strength 650 MPa,
modulus 80 GPa

Fuselage and wing
components

Manufacturing of aerodynamic
grilles for engines

Fused Deposition
Modeling (FDM)

Strength 500 MPa,
flexibility 15%

Engine grilles, drag
reduction

High-strength piston parts for
aircraft

Multi-Laser Metal
Printing (SLM)

Strength 1100 MPa, heat
resistance up to 900°C

Piston components for
engines

Note: The author developed the Source of the figure based on the analysis [31, 32].

Table 6 shows that the latest technologies and ma-
terials used in additive technologies in aircraft manufac-
turing demonstrate significant progress in improving me-
chanical properties, reducing weight, and optimizing
manufacturing processes. For example, titanium Ti-6Al-
4V in Selective Laser Melting (SLM) technology allows
for strength up to 1260 MPa. It reduces the weight of
parts by 20%, reducing production time by 3 times.

Nickel alloy Inconel 718 in Direct Metal Laser Sintering
(DMLS) technology shows strength up to 1180 MPa and
provides a homogeneous microstructure, reducing costs
by 35%. These results confirm the effectiveness of using
additive technologies to manufacture highly loaded com-
ponents of aviation systems. The results obtained are vis-

ually shown in Fig. 1.

Table 6
Results of the analysis of the latest technologies and materials
used in additive technologies in aircraft construction
. . Production
Material Technology Mathematical model Strength (MPa) time (hours)
Ti-6Al-4V (titanium) SLM Finite Element Method (FEM), 1260 12
Thermomechanical Model
Inconel 718 (nickel DMLS Porosity analysis, laser parame- 1180 15
alloy) ter optimization
17-4PH Binder Jetting | Darcy's equation for modeling up to 1400 24
(stainless steel) binder sintering
Al-Si (aluminum alloy) SLM Heat conduction models, FEM at the casting 10
level
ULTEM 9085 (plastic) FDM Optimization model of up to 100 MPa 2
layer/temperature parameters
Photopolymers CLIP Kinetic model of polymeriza- up to 70 MPa 1
tion, light diffusion equation

Note: The author developed the Source of the figure based on the analysis [33,34].
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Figure 1. Results of the comparison of additive technologies by key parameters to produce aviation parts

From Fig. 1, it is seen that the latest trends in the
use of additive technologies in the aircraft construction
industry are aimed at significantly reducing the time for
manufacturing parts and reducing costs while maintain-
ing or improving the strength of materials. Fused Depo-
sition Modeling (FDM) technology for ULTEM 9085
plastic allows you to reduce manufacturing time to 2
hours, increasing stiffness by 12% and reducing costs by
40%. Another significant trend is using photopolymers in
CLIP technology, which provides high accuracy and re-
duces waste by 30%. All these achievements indicate that
additive technologies have enormous potential for appli-
cation in aircraft construction, providing production
speed, high mechanical properties, and cost-effective-
ness.

Thus, using technologies such as SLM, DMLS,
Binder Jetting, and FDM allows you to achieve high
strengths, reduce production costs, and significantly re-
duce the time for manufacturing parts. This indicates the
importance and potential of additive technologies for
modernizing aviation production, where efficiency and
production speed are critical [21]. The latest trends in-
clude using materials such as Ti-6Al-4V, Inconel 718,
and ULTEM 9085, contributing to significant cost reduc-
tion and increased efficiency in manufacturing aviation
components.

This highlights the importance of innovative ap-
proaches to create lighter, stronger, and more economical
aircraft structures that meet the requirements of the mod-
ern aviation industry.

3.2. Discussion

The mechanical characteristics obtained in this
study are consistent with data reported in recent publica-
tions on additive manufacturing for aerospace applica-
tions. In particular, the achieved tensile strength of up to
1260 MPa for Ti-6Al-4V components produced by SLM
corresponds to the strength range reported in studies on
fatigue and structural performance of additively manu-
factured titanium alloys [18]. Similar strength levels for
Inconel 718 fabricated by DMLS (above 1100 MPa) are
confirmed in investigations devoted to nickel superalloys
produced by wire-arc and laser-based additive technolo-
gies [15]. These comparisons demonstrate that the exper-
imental results obtained in this work are aligned with es-
tablished material performance benchmarks for aviation
applications.

The influence of printing parameters on porosity
formation and microstructural heterogeneity, identified
in this study, also agrees with conclusions presented in
works analyzing process parameter optimization and de-
fect formation in metal additive manufacturing [34], as
well as in comprehensive reviews of additive technolo-
gies for aerospace applications [26]. While many studies
focus on isolated technological factors, the present re-
search extends these findings by integrating thermome-
chanical modeling, porosity analysis, and multi-criteria
optimization into a unified predictive framework. The
economic results obtained — including material savings
of up to 30%, production time reduction by 2—3 times,
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and cost reduction up to 40% — are comparable with
trends reported in recent analyses of additive manufac-
turing implementation in aerospace production systems
[25]. However, in contrast to some literature emphasizing
large-scale substitution of conventional methods, the
findings of this study support a more balanced perspec-
tive: additive technologies demonstrate the highest effi-
ciency when applied to geometrically complex, weight-
critical, and highly loaded components. Furthermore, the
modeling approaches developed in this work are con-
sistent with thermomechanical simulation and finite ele-
ment strategies described in studies addressing process
stability and structural reliability of additively manufac-
tured parts [6], [23]. At the same time, the novelty of the
present research lies in combining these modeling ap-
proaches with multi-criteria optimization procedures spe-
cifically adapted to aviation structural elements.Overall,
compared with existing publications that primarily ana-
lyze materials or specific technologies separately [9],
[26], this study proposes an integrated analytical and op-
timization-based methodology. This approach enhances
predictive accuracy, supports industrial decision-making,
and strengthens the practical feasibility of implementing
additive technologies in aircraft structural manufacturing
under real production constraints.

4. Conclusions

As a result of the study, it can be concluded that ad-
ditive technologies have significant potential for optimiz-
ing the design and production of aircraft structures. They
allow for reducing the time for manufacturing parts, re-
ducing the weight of components, and improving aerody-
namic characteristics. At the same time, introducing 3D
printing in aircraft construction faces several challenges,
such as ensuring the necessary mechanical properties and
standardization of processes. However, with the develop-
ment of materials and technologies, additive methods
may become key in the future to increase the efficiency
and innovation of the aviation industry. According to the
results of the analysis, the use of additive technologies,
such as SLM, DMLS, and FDM, in aircraft construction
allows us to improve the characteristics of materials sig-
nificantly. For example, titanium Ti-6Al-4V using SLM
technology provides strength up to 1260 MPa, a reduc-
tion in the weight of parts by 20%, and a reduction in
production time by 3 times. For Inconel 718 in DMLS,
strength up to 1180 MPa and a decrease in costs by 35%
are achieved. FDM and Binder Jetting technologies also
demonstrate high accuracy and 25-40% cost reductions,
making them cost-effective for producing aviation com-
ponents. These results highlight the effectiveness of ad-
ditive technologies in reducing costs and improving the
performance of aviation parts.

Contributions of authors: Conceptualization,
methodology — Oleksandr Marynoshenko; formulation of
research tasks, analysis — Oleksandr Marynoshenko,
Oleksii Chornyi; development of models, software im-
plementation, verification — Oleksii Chornyi; analysis of
results, visualization — Oleksii Chornyi; writing — origi-
nal draft preparation, writing — review and editing —
Oleksandr Marynoshenko.

Conflict of Interest
The authors declare that they have no conflict of in-
terest in relation to this research, whether financial, per-
sonal, author ship or otherwise, that could affect the re-
search and its results presented in this paper.

Financing
Sources of funding must be indicated. If there is no
funding, it is necessary to indicate:
This study was conducted without financial support.

Data Availability
Data will be made available upon reasonable request.

Use of Artificial Intelligence
The authors confirm that they did not use artificial
intelligence methods while creating the presented work.

Acknowledgments
The authors would like to express their gratitude to
the staff of the Department of Space Engineering of the
Igor Sikorsky Kyiv Polytechnic Institute for their sup-
port, consultations and assistance in conducting research
and preparing this work.

Authors have read and agreed to the published ver-
sion of this manuscript.

References

1. Orel, V. M., Salenko, O .F., & Melnychuk, P.P.
Innovatsiyni adytyvni tekhnolohiyi v stvorenni kon-
struktsiynykh elementiv lital'nykh i kosmichnykh apara-
tiv [Innovative additive technologies in the creation of
structural elements of aircraft and spacecraft]. Technical
Engineering, 2024, no. 1(93), pp. 64-69. DOI:
10.26642/ten-2024-1(93)-64-69. (In Ukrainian).

2. Adamski, W., & Michalcewicz, J. Development
of methods for designing and manufacturing aircraft
components with additive technologies. Mechanik, 2020,

vol. 93, iss. 3, pp. 8-14. DOl:
10.17814/mechanik.2020.3.7.
3. Tsybulenko, V., & Vorontsov, B. Zab-

ezpechennya kontrolyu yakosti dlya tradytsiynoho i ady-


https://doi.org/10.26642/ten-2024-1(93)-64-69
https://doi.org/10.17814/mechanik.2020.3.7
https://doi.org/10.17814/mechanik.2020.3.7

58

ISSN 1814-4225 (print)

ABIAIIMHO-KOCMIYHA TEXHIKA I TEXHOJIOT'ISA, 2026, 2(210) 1SSN 2663-2012 (online)

tyvnoho vyrobnytstva [Quality control assurance for tra-
ditional and additive manufacturing]. Progressive Tech-
nics, Technology and Engineering Education: Proceed-
ings of the Scientific and Technical Conference, 2023,
pp. 192-195. DOI: 10.20535/2409-
7160.2023.XX111.278009. (In Ukrainian).

4. Bana$, A., Burczy, K., Gataczynski, T.,
Glodzik, M., Wojtuszewski, R., & et al. Manufacturing
of Tools for Support Aviation Production using Fused
Filament Fabrication and Fused Deposition Modeling
Technologies, on the Example of PZL Mielec a Lock-
heed Martin Company. Vertical Flight Society 80th An-
nual Forum & Technology Display, 2024, pp. 1-5. DOI:
10.4050/f-0080-2024-1324.

5. Kliuchnikov, Y., Dubniuk, V., Serditov, O., &
Poleshko, O. Suchasnyy stan zastosuvannya adytyvnykh
tekhnolohiy u litako- ta raketobuduvanni [Current state
of additive technologies application in aircraft and rocket
engineering]. Progressive Technics, Technology and En-
gineering Education: Proceedings of the Scientific and
Technical Conference, 2023, pp. 138-141. DOI:
10.20535/2409-7160.2023.XX111.278122. (In Ukrain-
ian).

6. Benuzzi, S., Borghi, D., Righi, M.G., Galavotti,
N., & Esposito, F. Mitigating human factors in tomo-
graphic post-processing of additive-manufactured criti-
cal parts for aviation applications. E-Journal of Nonde-
structive Testing, 2025, vol. 30, iss. 2, pp. 1145-1161.
DOI: 10.58286/30729.

7. Shynkaruk, V., & Lipovskyi, V. Ohlyad oshov-
nykh tendentsiy ta faktoriv suchasnoho rozvytku aero-
kosmichnoyi haluzi [Review of the main trends and fac-
tors of modern aerospace industry development]. System
Design and Analysis of Aerospace Technique Character-
istics, 2021, wvol. 28, iss. 1, pp. 65-84. DOI:
10.15421/472107. (In Ukrainian).

8. Ghalandari, M. A, Mirsalehi, S. E., & Kiani, S.
Production of nanocomposite parts using AA6061-T6
consumable rods via friction stir method: A novel ap-
proach of solid-state additive manufacturing of CNT-
reinforced aluminum matrix nanocomposites. Materials
Today Communications, 2024, vol. 42, iss. 1, article no.
111435. DOI: 10.1016/j.mtcomm.2024.111435.

9. Mehrpouya, M., Postmes, J.F., Ghalayaniesfa-
hani, A., & Gibson, I. Multimaterial 3D printing of pro-
grammable architected structures. Additive Manufactur-
ing in Multidisciplinary Cooperation and Production.
Springer, 2024, pp. 171-178. DOI: 10.1007/978-3-031-
37671-9_15.

10. Deepak, P., & Vasudevan, A. Investigating of
Tensile Strength on 3D Printing Lattice Structures (Ac-
rylonitrile Butadiene Styrene Resin) Compared with and
without Silica Nanoparticles. Advances in Additive Man-
ufacturing Technologies. CRC Press, 2024, pp. 241-245.
DOI: 10.1201/9781003545774-43.

11.Kliuchnikov, Y., & et al. Suchasnyy stan zasto-
suvannya adytyvnykh tekhnolohiy u litako- ta
raketobuduvanni [Additive technologies in aircraft man-
ufacturing]. The Progressive Technics, Technology and
Engineering Education., 2023, vol. 32, iss. 6, pp. 138-
141. DOI: 10.20535/2409-7160.2023.xxiii.278122. (In
Ukrainian).

12.Bielawski, R., Rzadkowski, W., Kowalik, M., &
Ktonica, M. Safety of aircraft structures in the context of
composite element connection. International Review of
Aerospace Engineering, 2020, vol. 13, iss. 5, pp. 159-
164. DOI: 10.15866/irease.v13i5.18805.

13. Gokuldass, R., & et al. Microstructure and Me-
chanical Characterization of Wood PLA/CF-PLA Bind-
ing Layer Parts using FDM. Advances in Additive Manu-
facturing Technologies. CRC Press, 2024, pp. 470-475.
DOI: 10.1201/9781003545774-84.

14.Kishore, R., & et al. Experimental and numeri-
cal investigation of compression behavior of Additive
Manufactured Lattice Structures. Advances in Additive
Manufacturing Technologies. CRC Press, 2024, pp. 218—
224. DOI: 10.1201/9781003545774-39.

15.Klonica, M., Kuczmaszewski, J., & Samborski,
S. Effect of a Notch on Impact Resistance of the Epidian
57/Z1 Epoxy Material after "Thermal Shock". Solid State
Phenomena, 2016, vol. 240, pp. 161-167. DOI:
10.4028/www.scientific.net/SSP.240.161.

16. Maguire, A., & et al. Additive manufacturing of
polymer-based structures by extrusion technologies. Ox-
ford Open Materials Science., 2021, vol. 1, iss. 1, article
no. itaa004. DOI: 10.1093/oxfmat/itaa004.

17.Masiuchok, O. P., Yurzhenko, M. V., Kolisnyk,
R. V., & Korab, M. H. Adytyvni tekhnolohiyi po-
limernykh materialiv (ohlyad) [Additive technologies of
polymer materials (review)]. Automatic Welding, 2020,
no. 5, pp. 53-60. DOI: 10.37434/as2020.05.08. (In
Ukrainian).

18.Kurek, A., & et al. Enhancing Fatigue Perfor-
mance of Additively Manufactured Ti6Al4V — The Role
of Surface Characteristics and Post-Processing Tech-
niques. Advances in Science and Technology Research
Journal, 2024, vol. 18, iss. 6, pp. 280-290. DOI:
10.12913/22998624/192114.

19. Matthews, N. Chapter Fifteen - Additive metal
technologies for aerospace sustainment. Aircraft Sustain-
ment and Repair, 2018, pp. 845-862. DOI:
10.1016/b978-0-08-100540-8.00015-7.

20. Matviichuk, V. A., & Nesterenkov, V. M. Ap-
plication of additive electron-beam technologies for avi-
ation and medical needs. Welding and Related Technolo-
gies. CRC Press, 2025, vol. 30, pp. 7-13. DOI:
10.1201/9781003518518-2.

21.Jaworska-Jozwiak, B., & Szymczyk, B. Analy-
sis of energy consumption and cost savings in transport-


https://doi.org/10.20535/2409-7160.2023.XXIII.278009
https://doi.org/10.20535/2409-7160.2023.XXIII.278009
https://doi.org/10.4050/f-0080-2024-1324
https://doi.org/10.4050/f-0080-2024-1324
https://doi.org/10.20535/2409-7160.2023.XXIII.278122
https://doi.org/10.20535/2409-7160.2023.XXIII.278122
https://doi.org/10.58286/30729
https://doi.org/10.15421/472107
https://doi.org/10.15421/472107
https://doi.org/10.1016/j.mtcomm.2024.111435
https://doi.org/10.1007/978-3-031-37671-9_15
https://doi.org/10.1007/978-3-031-37671-9_15
https://doi.org/10.1201/9781003545774-43
https://doi.org/10.20535/2409-7160.2023.xxiii.278122
https://doi.org/10.15866/irease.v13i5.18805
https://doi.org/10.1201/9781003545774-84
https://doi.org/10.1201/9781003545774-39
https://doi.org/10.1093/oxfmat/itaa004
https://doi.org/10.37434/as2020.05.08
https://doi.org/10.1016/b978-0-08-100540-8.00015-7
https://doi.org/10.1016/b978-0-08-100540-8.00015-7
https://doi.org/10.1201/9781003518518-2
https://doi.org/10.1201/9781003518518-2

Texnonozia eupodonuymea nimanpHuUXx anapamis 59

ing a hydromixture with deflocculant. Advances in Sci-
ence and Technology Research Journal, 2025, vol. 19,
iss. 1, pp. 36-47. DOI: 10.12913/22998624/193613

22.Kumari, A., & et al. Overview of aviation sec-
tor, feedstock and supply chain. Biojet Fuel: Current
Technology and Future Prospect. Clean Energy Produc-
tion Technologies, Springer, 2024, pp. 17-35. DOI:
10.1007/978-981-99-8783-2_2.

23.Zivkovié, S., Malbagi¢, S., & Stepanovi¢, M.,
Coordinate metrology data management of machine parts
made by metal additive manufacturing. 11th Interna-
tional Scientific Conference on Defensive Technologies -
OTEX 2024, 2024, Quality, standardization, metrology,
maintenance and exploitation — QSMME, Belgrade,
2024, pp. 636-642. DOI: 10.5937/0teh24117z.

24.Burhan, H. K., Salman, J. M., & Dawood, N.
M. Effect of additional titanium diboride on characteris-
tic of Ti-24Nb-4Zr-8Sn alloy. Advances in Science and
Technology Research Journal, 2025, vol. 19, iss. 6, pp.
94-107. DOI: 10.12913/22998624/202851.

25.Peron, M., Panza, L., Demiralay, E., & Talluri,
S. Additive manufacturing for spare parts management:
Is decentralized production always environmentally pref-
erable? IEEE Transactions on Engineering Management,
2025, vol. 72, pp. 634-650. DOI:
10.1109/tem.2025.3540938.

26.Zhou, L., & et al. Additive manufacturing: A
comprehensive review. Sensors, 2024, vol. 24, iss. 9, ar-
ticle no. 2668. DOI: 10.3390/s24092668.

27.Quanjin, M., & et al. Recent 3D and 4D intelli-
gent printing technologies: A comparative review and fu-
ture perspective. Procedia Computer Science, 2020, vol.
167, pp. 1210-1219. DOI: 10.1016/j.procs.2020.03.434.

28.Zhigiang, W., & et al. Study on polishing tech-
nologies for additive manufacturing parts. Jurnal Keju-
ruteraan, 2025, vol. 37, iss. 1, pp. 13-23. DOI:
10.17576/jkukm-2025-37(1)-02.

29.Sundaram, M. K., & et al. Study on Induced
Drag Reduction of Electric Aircraft Wing Using Various
Winglet Configurations: A Review. Advances in Additive
Manufacturing Technologies. CRC Press, 2024, pp. 402—
407. DOI: 10.1201/9781003545774-72.

30.Rashid, A. Additive manufacturing technolo-
gies. CIRP Encyclopedia of Production Engineering.
Springer, 2019, pp. 39-46. DOI: 10.1007/978-3-662-
53120-4_16866.

31. Yapar, O. 3D bioprinting of cellulosic structures
for versatile applications. Additive Manufacturing in
Multidisciplinary ~ Cooperation and  Production.
Springer, 2023, pp. 79-102. DOI: 10.1007/978-3-031-
37671-9_8.

32.Mladenovi¢, M. Influence of process parameters
in additive manufacturing on the quality of produced
metal parts. 11th International Scientific Conference on
Defensive Technologies - OTEX 2024, Materials and
technologies — MT, Belgrade, 2024, pp. 560-566. DOI:
10.5937/0teh24102m

33.Sekha, S. G., & Vasudevan, A. A Comparative
Analysis of Flexural Strength between 3D Printed Lattice
Structures (PLA) Compared with and without the Silica
Nanoparticle. Advances in Additive Manufacturing Tech-
nologies. CRC Press, 2024, pp. 276-280. DOI:
10.1201/9781003545774-50.

34.Sujan, G. K., Li, H., Pan, Z., Liang, D., & Alam,
N. Application of wire arc additive manufacturing for In-
conel 718 superalloy. Materials, Structures, and Manu-
facturing for Aircraft. Springer, 2022, pp. 367—-410. DOI:
10.1007/978-3-030-91873-6_15.

Received 06.02.2026, Received in revised form 10.03.2026
Accepted date 15.04.2026, Published date 22.04.2026

AJIMTUBHI TEXHOJIOT'II: TOCJIJIPKEHHSA TA 3ACTOCYBAHHS Y TIPOEKTYBAHHI
¥ BUTOTOBJIEHHI KOHCTPYKTUBHUX EJEMEHTIB ABIAIIIMHOI MPOMUMCJIOBOCTI

0. I1. Mapunowenko, O. C. Yopnuii

IIpenmeToM BHUBYCHHS B CTATTi € 3aCTOCYBAaHHS aAUTHUBHHUX TEXHOJOTIH MPHU MPOEKTYBaHHI Ta BUTOTOBJIICHHI
€JIEMEHTIB KOHCTPYKIIN aBialli 3a CydaCHUX BHMOT MO0 MIIHOCTi, 3HIDKEHHS MacH, HaJiHHOCTI Ta €KOHOMIYHOI
edpexruBHOCTI. MeTOI0 € po3poOKa Ta OOIPYHTYBAHHS KOMIUIEKCHOTO aHAJITHYHOTO MiAXOLy A0 ONTHUMIi3amii aau-
TUBHUX BUPOOHMYHX IpOIECiB y aBiaOyayBaHHI. 3aBAaHHS: aHANI3 CyJaCHUX aTUTHBHUX TEXHOJOTIH B aepo-
KOCMIYHIH TEeXHilli; po3po0Ka MaTeMaTHIHUX MOJIETIEH TePMOMEXaHIYHHX MPOIIECIB 1 MOPHCTOCTI; ONTHMI3allis mapa-
METpIB JAPYKY Ta CKJIaTy MaTepialy; Ta MOPiBHUIbHA OIiHKA TPAIUIIHHIX Ta aJUTHBHIX METOJIB BUpOOHHUIITBA. Bu-
KOpPHCTaHI METOIN: METOJI CKIHUCHHUX EIIEMEHTIB, TEPMOMEXaHIYHE Ta TOPUCTE MOJICITIOBAHHS, OaraTOKpUTepiaabHa
OIITUMI3allisl Ta eKCTIEPUMEHTANFHE JOCIIPKEHH MEXaHITHIX BIIACTUBOCTEH METaJIeBUX Ta MOJTIMEPHUX MaTepiais.
Otpumasi Taki pe3yJasTaTu. Po3pobieHo MaTeMaTHIHI MOZIET MPOTrHO3YBaHHSA TEPMIUHHX Ae(opMaliiif, CTpyKTyp-
HOi HEOTHOPIAHOCTI Ta XapaKTePUCTUK MIITHOCTI; BU3HAYCHO BILTUB MapaMeTpPiB Mporiecy Ha popMyBaHHS MiKPOCTPY-


https://doi.org/10.12913/22998624/193613
https://doi.org/10.1007/978-981-99-8783-2_2
https://doi.org/10.1007/978-981-99-8783-2_2
https://scindeks-zbornici.ceon.rs/ProceedingsDetails.aspx?issn=proc-0018
https://scindeks-zbornici.ceon.rs/ProceedingsDetails.aspx?issn=proc-0018
https://scindeks-zbornici.ceon.rs/ProceedingsDetails.aspx?issn=proc-0018
https://doi.org/10.5937/oteh24117z
https://doi.org/10.12913/22998624/202851
https://doi.org/10.1109/tem.2025.3540938
https://doi.org/10.1109/tem.2025.3540938
https://doi.org/10.3390/s24092668
https://doi.org/10.1016/j.procs.2020.03.434
https://doi.org/10.17576/jkukm-2025-37(1)-02
https://doi.org/10.17576/jkukm-2025-37(1)-02
https://doi.org/10.1201/9781003545774-72
https://doi.org/10.1007/978-3-662-53120-4_16866
https://doi.org/10.1007/978-3-662-53120-4_16866
https://doi.org/10.1007/978-3-031-37671-9_8
https://doi.org/10.1007/978-3-031-37671-9_8
https://scindeks-zbornici.ceon.rs/ProceedingsDetails.aspx?issn=proc-0018
https://scindeks-zbornici.ceon.rs/ProceedingsDetails.aspx?issn=proc-0018
https://doi.org/10.5937/oteh24102m
https://doi.org/10.5937/oteh24102m
https://doi.org/10.1201/9781003545774-50
https://doi.org/10.1201/9781003545774-50
https://doi.org/10.1007/978-3-030-91873-6_15
https://doi.org/10.1007/978-3-030-91873-6_15

60 . ISSN 1814-4225 (print)
ABIAIIMHO-KOCMIYHA TEXHIKA I TEXHOJIOTI'IA, 2026, 2(210) 1SSN 2663-2012 (online)

KTYpH Ta MiHIMIi3aIlio Je()eKTiB; BCTAHOBJICHO, 1[0 ONITUMI3aIlisl TApaMeTPiB APYKY JO3BOIISIE 3MEHIITUTH MaTepiaio-
MicTkicTh 10 30%, 3HM3UTH Macy BHpoOy Ha 10-25%, CKOpOTHTH TEpMiHM BUTOTOBJIEHHS Y 2—3 pa3u Ta 3MEHIINTH
Butpatu 10 40%; mocsrayTo MirHOCTI Ha po3puB a0 1260 MIla i THTAaHOBUX KOMITOHEHTIB, BUTOTOBJIEHUX METO-
nom SLM. Kpim Toro, 3anponoHoBaHui iHTErpOBAaHHUHN IiJXiJ] IO MOJEIIOBAHHS 3a0€3IeYB KUIBKICHE IPOTHO3Y-
BaHHS PiBHS OPUCTOCTI Ta PO3IMOAITY 3JIMIIKOBUX HANpPYKEHb, IO MiABUIIYE TOYHICTh TEOMETPUYHHX ITapaMeTpiB
1 CTPYKTYpHY HaJiHHICTh BiIOBITAILHUX aBiallifHUX eleMeHTiB. [TopiBHAIBHUI aHaIi3 MiATBEPIUB, 110 aJUTHBHI
TEXHOJIOTIT JIEMOHCTPYIOTh HAWBHIY €(peKTUBHICTB I/l YaC BUTOTOBJICHHS T€OMETPUYHO CKIIaTHUX 1 MACOKPUTHYHHIX
JIeTalIe, JIe TpaJAULiHHI METOIM MalOTh OOMEKEHHS L1010 THYYKOCT] MPOEKTYBAHHS Ta €()eKTUBHOCTI BUKOPHCTaHHS
MaTtepiany. BucHoBku. HaykoBa HOBH3HA mojsirae B po3poOlli iHTErpoBaHOi OCHOBH MOJIEITIOBAHHS Ta ONTUMI3allii
JUTSl aJATHBHOT'O BUPOOHUIITBA aBiaIlifHUX KOMITOHEHTIB, 110 3a0e31euye MOKpaIleHHs CTPYKTYPHOI LTiCHOCTI, 3HU-
JKEHHsI PiBHS JIepeKTHOCTI, MiJBUIIEHHS e(pEeKTUBHOCTI BHPOOHHIITBA Ta MiJBHIIEHHS KOHKYPEHTOCIIPOMOXKHOCTI
aBiaIliifHOro BUPOOHUIITRA.

Kiro4oBi cjioBa: aIuTHBHI TEXHOJIOTIT; METOJ] CKIHUCHHHX €JIEMEHTIB; aHAJIi3 IIOPUCTOCTI; METOIU ONITUMI3allii;
rapameTpy JIPYKy; eKCIepUMEHTAIbHI METO/IN; MEXaHIYHA MIil[HICTh; LUTICHICTh KOHCTPYKIIIH; SIKICTh JeTajel; aBia-
ifiHa TPOMHCIIOBICTb.
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