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UDC 004.8:621.9.048
APPLICATION OF ARTIFICIAL INTELLIGENCE IN ADDITIVE MANUFACTURING (3D
PRINTING)
Nevludov 1.Sh., Sotnik S.V.
(igor.nevliudov@nure.ua, svetlana.sotnik @nure.ua)
Kharkiv National University of Radio Electronics (Ukraine)

The paper presents a comprehensive analysis of artificial intelligence application to improve
additive manufacturing quality. Systemic problems of modern 3D printing are identified: quality
instability, high defect probability, and labor-intensive model preparation. Six key Al-based quality
control methods are analyzed: digital twin, intelligent monitoring, predictive modeling, defect
classification, predictive maintenance, and generative design. The combination of deep learning methods
(CNN, U-Net, LSTM/GRU) with classical machine learning algorithms (XGBoost, Random Forest) and
explainable Al technologies (XAl) ensures high defect detection accuracy and decision interpretability.
Particular attention is given to the digital twin concept as an integrating platform for creating a dynamic
virtual replica of the printing process. The results confirm that Al integration represents a fundamental
transformation of approaches to design, production, and quality control in additive technologies.

Problem Statement.

Artificial intelligence (Al) is becoming an increasingly important element in the daily operations of
manufacturers worldwide. Autonomous robots and machine learning-based predictive analytics enable
companies to optimize processes, increase productivity, and reduce environmental impact in a multitude
of new ways [1-3]. It is important to note that for many organizations, the priority is not to replace
employees but to augment human capabilities and enhance the safety and efficiency of their work [4, 5].

Today, the concept of using Al technologies in enterprises extends far beyond the robot-filled
workstations characteristic of industry since the 1960s. It now encompasses smart, connected
manufacturing facilities where humans and machines collaborate, and data and analytics enable more
accurate predictions and decision-making at every stage of the process.

Additive manufacturing (3D printing) has evolved from a rapid prototyping tool into a full-fledged
production technology. However, its widespread adoption in critical industries such as aerospace,
medicine, and automotive is hindered by a number of systemic problems. These include: instability in the
quality of finished products, a high probability of defects occurring during printing, the labor-intensive
nature of model preparation and optimization, as well as significant consumption of material and energy.
Modern 3D printing control systems are often unable to adapt in real-time to changes in material
properties, temperature fluctuations, or the emergence of anomalies. Existing quality control methods are
predominantly passive (offline) and are conducted after the process is completed, leading to wasted time
and resources on manufacturing defective parts.

Simultaneously, Al technologies, particularly machine learning and deep neural networks,
demonstrate significant potential for solving complex, non-linear tasks in optimization, prediction, and
computer vision. This creates the preconditions for integrating Al into the additive manufacturing cycle.
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However, the problem lies in the lack of comprehensive and adaptive Al-based solutions capable of
simultaneously optimizing design, predicting and preventing defects in real-time, automating process
preparation, and ensuring guaranteed product quality at all stages of 3D printing.

Essence of study.

The integration of artificial intelligence into 3D printing processes promises to fundamentally
transform approaches to solving manufacturing challenges. The use of Al accelerates the entire
production cycle — from product design to its delivery to the end user.

The research focus will be on real-time quality control (in-situ) during the 3D printing process itself.
Monitoring based on digital twins enhances the precision of 3D printing, thereby strengthening the
reliability of quality control for additive manufacturing.

A digital twin in 3D printing is a dynamic software model synchronized with the physical printing
process, accurately replicating its key characteristics — from the thermomechanical properties of the
material to the technological parameters of the equipment (Fig. 1).

‘ Sensor network: / Lj
( Machine learning

temperature sensors, high-

resolution cameras, laser algorithms: defect
scanners Components of detection, quality
’ digital twin -
adig prediction.

Q Feedback system.

Automatic adjustment of
parameters.

S Database. Storing the history
of processes and results.

Figure 1. Components of a digital twin

An analysis of quality control methods in additive technologies using Al has been conducted (Table
1).

Note. Generative design (SIMP, ESO) is primarily based on classical optimization methods, where
Al is used as an auxiliary tool to accelerate computations through surrogate modeling. The presented
methods demonstrate a comprehensive approach to integrating artificial intelligence into additive
manufacturing quality control processes. The analysis shows that modern Al systems cover the entire
lifecycle of 3D printing — from predictive modeling during the preparation stage to continuous monitoring
during production and predictive maintenance of equipment. A key feature is the combination of
computer vision methods (CNN, U-Net) with classical machine learning algorithms (XGBoost, Random
Forest) and explainable Al methods (XAI), which ensures not only high defect detection accuracy but
also the ability to interpret the system’s decisions.

Conclusions

The study conducted a comprehensive analysis of the application of artificial intelligence to improve
the quality and efficiency of additive manufacturing. The research identified systemic problems in
modern 3D printing — quality instability, a high likelihood of defects, labor-intensive model preparation,
and significant resource consumption — which can be addressed through the integration of Al
technologies into the production cycle. Analysis of quality control methods has shown that modern Al
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systems cover three critical areas: preventive control (digital twin, predictive modeling), reactive
monitoring (intelligent real-time defect detection), and analytical optimization (defect classification,
predictive maintenance). Particular attention is paid to the concept of a digital twin as an integrating
platform that combines physical sensors, ML models, and multiphysics simulations to create a dynamic
virtual replica of the printing process. The research results confirm that the integration of Al into additive
manufacturing is not merely a simple automation of existing processes, but represents a fundamental

transformation of approaches to design, production, and quality control.

Table 1. Quality control methods in additive technologies using Al

Method Description and Specific tasks and functions Used technologies
principle of and data
operation
Avirtual copv of Continuous quality control, Machine Learning
rtual copy prediction of material (ML) +Physics-
the printing process L
. . L behavior; optimization of based models, loT
Digital Twin with integrated . . i
parameters in a virtual Integration.
sensor data and : ) .
. : environment; reduction of
simulations. . i
failure risk.
Detection of deformations, CNN, U-Net, Mask
Al-Powered Computer vision cracks, layer displacements; R-CNN.
In-situ and DL for real- semantic segmentation; LSTM/GRU only for
o time defect anomaly detection; failure sensor data
Monitoring : o
detection. prediction. (temperature,
vibrations).
Al-Based ML models for Prediction of mechanical XGBoost,
Predictive predicting the properties; defect simulation; | LightGBM, Random
. properties and parameter optimization; Forest, DNN.
Modeling ) I R
quality of printing. assessment of printing time.
Classification Automatic Classification of defect types; CNN, K-means,
: determination of cause DBSCAN, XAl
and grouping of defects ) .
. . T parameters; clustering of new (Grad-CAM,
clustering of | and identification i .
defects; recommendations for SHAP).
defects of causes.
the user.
. Prediction of wear of nozzles, LSTM, GRU,
- Analysis of sensor TR .
Predictive - belts, bearings; optimization of Isolation Forest.
. data for predicting . )
Maintenance . the service schedule; early
component failures. :
warning.
Topology optimization; Algorithms: SIMP,
Generative Al for creating generation of support ESO; evolutionary
design and | optimal 3D models | structures; model orientation Algorithms.
optimization and structures. optimization; geometry
adaptation.
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YK 004.216
BILIMB HEMPOMEPEX HA PUHOK ITPAIIl: HOBI TIPO®ECII TA BUKJIUKH JIJIs
MNPAIIIBHUKIB
Heckpeoa M.C., Yopua B.B. (filjkto788@gmail.com, chvalerial999@gmail.com)
HHI Ilpuoninposcvka depicasna akademia oOyoienuymea ma apximexkmypu YKpaincokozo
0eprHcasno2o0 ynigepcumemy Hayku i mexnonocii (Ykpaina)

Bemyn. Ocmanni oecamunimms Xapaxmepusyomucs CMPIMKUM PO3BUMKOM MEXHOI02i WMYYHO20
inmenexmy (L) ma HelipoHHux Mmepedic, AKI Oedani enubwe iHmMmespyromscsa y 6ci cepu M00CbKoi
oisnbHocmi. Te, wo we HedasHo 868aNCANIOCA HAYKOBOK (DAHMACMUKON, Cb0200HI CMa€e OYOeHHicmIo —
cucmemu Ha OCHOBI HeUpoOMepPeNC AHANI3VIOMb BENUKI 00CAeU OAHUX, 2eHePYIOMb MeKCMU, 300patCeHHsl,
MY3UKY, 301UCHIOIOMb NPOSHO3YBAHHS, NIOMPUMYIOMb Oi3HeC-npoyecu ma 63aEMOO0IIOMy i3 KIIEHMAMU.

Takuii TeXHOJOTIYHMI MPOPUB HEMHUHYYE BIUIMBAE Ha pUHOK mpami. OmHi mpodecii BTpavyarTh
aKTyaJIbHICTh, 1HINI — TPaHCHOPMYIOTHCS, a Pa3oM i3 THM 3’SIBISIOTHCS a0COJIOTHO HOBI HANpPSIMH
TiSUTbHOCTI. 3MIHM BiOYBAlOThCS HACTIIBKU LIBUIKO, IO CYCHUIBCTBY JOBOAMTHCS aJalTyBaTHCS 0
HOBHX YMOB IIpalli, BAMOT JJO HABHYOK 1 CITOCO0IB B3a€MO/Iii 3 TEXHOJIOTISIMH.

AKTYyaJIbHiCTh MPO0JIeMH. AKTYyaJIbHICTh TEMU 3yMOBJICHA II100ATbHUMH 3PYIICHHSIMH Ha PUHKY
npati, siKi CIPHYUHUB PO3BUTOK HEHPOMEPEX 1 aBTOMaTH3allis MpoIeciB. 3a Mporao3aMu BcecBiTHROTO
ekoHoMiuHOTO opymy, 10 2030 poky 6mu3bko 30—40% npodeciit 4acTKOBO a60 MOBHICTIO 3MIHATH CBil
3MICT Yepe3 BIPOBA/HKCHHS ITYYHOTrO iHTeNnekTy. lle o3Hadae, mo COTHI MIIBHOHIB JIOACH OYyIyTh
3MYIIEHI 3100yBaTH HOB1 KOMIIETEHIIIi a00 Iepeopi€eHTOBYBATUCS Ha 1HIII ChepH TisTbHOCTI.

BoaHouac BHHHMKAIOTH HOBI CIIELIANIbHOCTI, MOB’S3aHI 3 PO3POOJEHHSIM, HaBYaHHSAM 1 KOHTPOJIEM
HellpoMepe’k, aHali30M JaHuX, ETUKOI0 MITyYHOrO IHTENEeKTy, KibepOe3nekow Ta YIpaBIiHHAM
uudpoBumu nporecamu. Came TOMY JOCHIPKEHHSI BIUIMBY HEMpPOMEPEXK HA PUHOK Tpalll Mae BEJIHKE
3HA4YeHHs A1 QOpPMYBaHHsI CTpaTeTii OCBITH, 3aiHATOCTI Ta COLIAJIBHOI a/lanTallli HaceJIeHHs.

Mera i 3aB1anHs gocjigxkenHsi. Metor gaHoi poOOTH € aHalli3 BIUIMBY PO3BUTKY HEHpOMeEpex Ha
Cy4acHUH PHHOK Ipalli, BU3HAYEHHS OCHOBHHUX TEHJEHILIIH, MOB’A3aHUX 13 MOSBOIO HOBUX Hpodecii, a
TaKOX BUSIBJICHHSI PU3UKIB Ta BUKJIUKIB JUIsl TIPAIIBHUKIB.

OCHOBHUMM 3aB/IaHHSIMH €:

1. Busnauutu cdepu, y IKUX HeipoMepeski HalOUIble BIUIMBAIOTh HAa TpaHC(OpMallito mpari.

2.IIpoananizyBaTu MosiBy HOBUX IpO(eciii, 110 BUHUKIIN 3aBASKH PO3BUTKY IITYYHOT'O 1HTEJIEKTY.

3. OUiHUTH KIFOYOBI PU3HMKH TS IPAliBHUKIB 1 HEOOXiHI HABUYKH IS aIanTaii 10 HOBUX YMOB.

OcHoBHa YyacTHHA!

1. Tpanchopmauia Tpaauuiiinux npodeciii. 3aBasku HelipomepekaM Jeaali OUIbIIe MPOIECIB,
K1 paHillle BUMarajiu Jr0JICbKOI y4acTi, Terep aBTOMaTU3yloThcs. HalGnbmii BIUTMB CIIOCTEPIraeThes y
cdepax 00pOOKHU TaHUX, MAPKETHHTY, (piHAHCIB, OCBiTH Ta qu3aitny. Hampuximan, ChatGPT Ta inmi MoBHI
MOJIeNII BXK€ YaCTKOBO 3aMiHIOIOTH KOIipaWTepiB, aHAJIITHKIB, ONEPAaTOpPIB MIATPUMKH KII€HTIB. Y
OyxranTepii alrOPUTMUA MOXKYTh aBTOMATHYHO OOPOOJISATH 3BITH, 3/1HMCHIOBATH (DIHAHCOBI MPOTHO3H Ta
BUSBIATH aHoMaiii. Y cdepi OCBITH INTyYHHH 1HTENEKT BHKOPUCTOBYETHCS JJIsl CTBOPEHHS
MIEPCOHATI30BAHUX MTPOTPaM HaBYaHHS, aTAITOBAHUX JO PiBHS 3HAHb 1 CTHITIO MUCIICHHS CTYICHTA.

BopHouac aBroMaTH3allisi pyTMHHUX 3aBAaHb HE 00OB’SI3KOBO O3Ha4ae BTpATy poOOYMX Miclb —
BOHA 3BUIbHAE JIOJEH B1J MOHOTOHHOI POOOTH, JO3BOJISIIOYM CKOHIIEHTPYBATHCS Ha TBOPYHMX 1
CTpaTeriuHuX 3aBJaHHIX.

2. IlosiBa HOBHUX npodecii
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