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Rezumat

in lucrare sunt prezentate o serie de noutdti si aplicatii bazate pe inteligentd artificiald (Al) utilizate in domeniul sudérii. Isto-
ric, ingineria suddrii a fost caracterizatd prin interactiuni complexe, neliniare, intre parametrii procesului de sudare, proprietatile
materialelor si conditiile efective de lucru. Aceste interactiuni fac dificile predictia, controlul si optimizarea calitdatii sudurilor fo-
losind doar modele analitice clasice. Dezvoltarea recentd a tehnologiilor de inteligentd artificiald (Al), in special machine learning
(ML) si deep learning (DL), oferd noi instrumente pentru a aborda aceste provocdri prin modelare bazatd pe date experimentale,
prin monitorizarea proceselor de sudare in timp real si prin proceduri automate de luare a deciziilor. Metodele de Al faciliteaza
recunoasterea tiparelor, optimizarea sistemelor multivariate si interpretarea automatd a datelor senzoriale de inaltd dimensionali-
tate, permitdnd imbundtdtiri pe tot parcursul ciclului de viatd al sudurilor, de la proiectare la asigurarea calitdtii.
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Abstract

Welding engineering has historically been characterized by complex, nonlinear interactions between process parameters, material
properties, and environmental conditions. These interactions make prediction, control, and optimization of weld quality difficult
using classical analytical models alone. The recent proliferation of artificial intelligence (Al) techniques, particularly machine learn-
ing (ML) and deep learning (DL) provides new tools to address these challenges through data-driven modelling, real-time process
monitoring, and decision-making frameworks. Al methods support pattern recognition, optimization of multivariate systems, and
automated interpretation of high-dimensional sensor data, enabling improvements across the welding lifecycle from design to

quality assurance.
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1. Introducere

Inteligenta artificiald (Al) contribuie tot mai mult la
imbundtatirea controlului proceselor de sudare sila asi-
gurarea calitatii prin utilizarea de algoritmi de machine
learning ce completeaza modelarea conventionala
bazatd pe procese fizice. S-au dezvoltat astfel o serie
de modele Al care sunt utilizate in activitati de simu-
lare si modelare, precum masinile cu vectori suport
si sistemele fuzzy adaptive, capabile sa identifice mo-
dele intre parametrii procesului de sudare si rezultate,
cum ar fi geometria sudurii si proprietatile mecanice,
permitand predictia precisa a conditiilor optime de su-
dare, reducand in acelasi timp necesitatea unor teste
experimentale extinse. in sistemele automate de su-
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1. Introduction

Artificial intelligence significantly enhances welding
engineering by complementing traditional physics-
based modelling, improving process control, and ad-
vancing quality assurance.

In modelling and simulation, Al methods such as arti-
ficial neural networks, support vector machines, and
adaptive fuzzy systems can learn complex relation-
ships between process parameters and outputs like
weld geometry and mechanical properties, enabling
accurate prediction of optimal welding conditions
while reducing the need for extensive experimental
trials. In automated welding systems, Al supports
adaptive process control by analysing real-time sen-
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dare, Al sustine controlul adaptiv al proceselor prin
analizarea datelor senzorilor in timp real si reglarea
dinamica a parametrilor de sudare (figura 1).

sor data and dynamically adjusting welding param-
eters, which improves consistency and facilitates au-
tonomous robotized welding (figure 1).
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Figura 1 - Impactul transformator al Al in ingineria sudarii
Figure 1 - Al transformative impact on welding processes

Sistemele robotizate de sudare bazate pe Al
imbunatatesc substantial eficienta operationald si
performanta economicd in productie [1]. in industria
auto, acestea au redus ratele de defecte cu aproxi-
mativ 30-40% si costurile cu forta de munca cu cca.
30%, crescand in acelasi timp productivitatea prin
viteze de sudare mai mari si randamentul la sudare
cu 20%. Utilizarea monitorizarii si a intretinerii pre-
dictive bazate pe Al reduce durata avariilor echipa-
mentelor cu aproximativ 30%, permitand o progra-
mare a productiei mai fiabila si poate reduce costurile
deseurilor si ale reparatiilor cu pana la 50% [1].
Dincolo de controlul si inspectia proceselor, Al con-
tribuie la instruirea sudorilor prin simulari virtuale
si medii de realitate extinsa, asigura documentatia
si trasabilitatea prin intermediul tehnologiilor digi-
tal twin si consolideaza conformitatea procedurala.
Tmpreund, aceste capabilitdti evidentiaza rolul trans-
formator al Al in ingineria sudarii si alinierea acesto-
ra cu obiectivele mai largi ale productiei inteligente
in Industria 5.0.

2. Tendinte actuale si emergente in
implementarea Al in industrie

Adoptarea Al in industria prelucratoare trece de la
experimentare la o integrare industriald mai larga
prin utilizarea tehnologiilor inovative [1-8].

Pana Tn 2023, aproximativ 67% dintre companii au

Al-driven robotic welding systems substantially im-
prove operational efficiency and economic perfor-
mance in manufacturing [1]. In automotive plants,
they have reduced defect rates by approximately
30-40 % and lowered labour costs by around 30
%, while also increasing productivity through faster
welding speeds and roughly 20 % higher through-
put. The use of Al-based monitoring and predictive
maintenance further decreases equipment down-
time by about 30 %, enabling more reliable produc-
tion scheduling and reducing scrap and rework costs
by up to 50 % [1].

Beyond process control and inspection, Al also sup-
ports welder training through virtual simulations and
extended-reality environments, improves documen-
tation and traceability via digital twin frameworks,
and strengthens procedural compliance. Collec-
tively, these capabilities highlight Al’s transformative
role in welding engineering and its alignment with
the broader objectives of intelligent manufacturing
in Industry 5.0.

2. Current State-of-the-Art and Emerg-

ing Trends in Industrial Al Deployment

Artificial intelligence adoption in manufacturing is
transitioning from experimentation to broader in-
dustrial integration [1-8].

By 2023, about 67% of companies had implemented
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implementat Al in industrie la nivel global, in prin-
cipal in controlul calitdtii si mentenanta predictiva,
adesea fard o integrare completa in sistemele de
productie, figura 2.

Al, mainly in quality control and predictive mainte-
nance, although deployments often remain isolated
rather than fully integrated across production sys-
tems, figure 2.
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Figura 2 - Adoptarea Al in fabricatia structurilor sudate, la nivelul anului 2023 [1]
Figure 2 - Al Adoption in welding manufacturing by 2023 [1]

Desi procesul de implementare a Al a fost neuniform
pe domenii industriale, in special in randul IMM-uri-
lor, perspectivele sunt pozitive, piata de productie
bazata pe Al fiind estimata sa creasca de la cca. 5,9
miliarde de dolari in 2023 la peste 270 de miliarde
de dolari panain 2032, cu o crestere a productivitatii
de 20-30% [1].

Sectorul sudarii prezintd o integrare mai profunda
al Al datorita alinierii sale puternice cu robotica si
parametrii de proces masurabili. Aproximativ 60-
65% dintre companiile de profil utilizeaza deja Al
pentru sudarea robotizatd, inspectie si controlul
calitatii, realizand reduceri de 30-40% ale defec-
telor si cresteri ale randamentului cu 20-25%. Se
preconizeaza ca piata suddrii bazata pe Al va creste
de la 150 de mil. dolari in 2022 la 600 de mil. dolari
pana Tn 2030, indicand o consolidare rapida catre
sisteme de sudare adaptive, bazate pe Al [1].

Piata roboticii de sudare bazate pe sisteme Al a fost
evaluatd la aproximativ 10,4 miliarde USD in 2025
Si se preconizeaza cd va ajunge la aproximativ 26,9
miliarde USD pana in 2035 (=9,9% CAGR). La nivel
global lucreaza peste 71.000 de roboti de sudare in
2024, inclusiv 12.000 de unitati compatibile cu Al,
peste 55% din noile sisteme integreaza tehnologii de
Al asistate de senzori pentru a Tmbunatati calitatea
si adaptabilitatea. Industriile auto si aerospatiala
constituie principalii utilizatori ai solutiilor bazate
pe inteligenta artificiala, Tn timp ce sectoare precum
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Despite uneven adoption—especially among small
and medium enterprises—the economic outlook is
strong, with the Al manufacturing market projected
to grow from roughly $5.9 billion in 2023 to over
$270 billion by 2032, driven by productivity gains of
20-30% and major reductions in equipment down-
time [1].

The welding sector shows deeper Al integration due
to its strong alignment with robotics and measur-
able process parameters. Around 60-65% of weld-
ing companies already employ Al for robotic weld-
ing, inspection, and quality control, achieving defect
reductions of 30—40% and throughput increases of
about 20-25%. The Al-in-welding market is expect-
ed to expand from approximately $150 million in
2022 to about $S600 million by 2030, indicating rapid
consolidation toward adaptive, Al-driven welding
systems [1].

The welding robotics market, increasingly incorpo-
rating Al-enabled systems, was valued at approxi-
mately USD 10.4 billion in 2025 and is projected to
reach about USD 26.9 billion by 2035 (=9.9 % CAGR).
Global installations exceeded 71 000 welding ro-
bots in 2024, including more than 12 000 Al-capable
units, with over 55 % of new systems integrating Al
or sensor-assisted technologies to enhance qual-
ity and adaptability. The automotive and aerospace
industries are the primary users of artificial intelli-
gence-based solutions, while sectors such as civil
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constructiile civile si navale, industria petrolierd si a
gazelor naturale extind rapid aplicarea monitorizarii
sudurilor si a tehnicilor de examinare nedistructiva
asistate de Al. [4-20].

Sondajele indica un potential ridicat de aplicare Al in
industrie, 85% dintre specialisti estimeaza o crestere a
preciziei de detectie a imperfectiunilor de material la
sudare, iar 80% dintre ei considera Al esential pentru
scalabilitatea viitoare. Regiunea Asia-Pacific domina
piata Al cu 46-54% din instalarile globale, determinata
de implementarea extinsa a robotilor in China, in timp
ce Europa detine a doua cea mai mare cota (=24-30%),
condusa de Germania, Italia si Franta [1].

3. Al in modelare si simulare

Modelarea si simularea sunt esentiale pentru in-
gineria sudarii, avand la bazd fenomene termice,
mecanice si metalurgice strans cuplate, figura 3.
Abordarile bazate pe fenomene fizice, cum ar fi
modelarea cu elemente finite, dinamica fluidelor,
ofera predictii de inalta fidelitate ale distributiilor de
temperatura sau tensiunilor si deformatiilor rema-
nente, dar necesita resurse de calcul semnificative si
sunt dificil de implementat in medii industriale care
impun procesarea datelor in timp real [4-12].

and shipbuilding construction, as well as the oil and
gas industry, are rapidly expanding the application
of Al-assisted weld monitoring and non-destructive
testing (NDT) techniques. [4-20].

Surveys indicate strong industry confidence, with
roughly 85% of welding professionals expecting im-
proved accuracy from Al and about 80% of manu-
facturers viewing it as essential for future scalability.
Asia—Pacific region dominates the market, account-
ing for roughly 46—-54 % of global installations, driven
largely by China’s extensive robot deployment, while
Europe holds the second-largest share (=24-30 %),
led by Germany, ltaly, and France [1].

3. Al in Modelling & Simulation

Modelling and simulation are central to welding engi-
neering because the process involves tightly coupled
thermal, mechanical, and metallurgical phenomena,
figure 3. Traditional physics-based approaches such
as finite element and computational fluid dynam-
ics provide high-fidelity predictions of temperature
distributions, residual stresses, and distortions, but
they are computationally intensive and difficult to
apply in industrial environments requiring real-time
data processing [4-12].
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settings NSGA-II

Figura 3 - Optimizarea sudarii bazatd pe Al
Figure 3 - Al Driven Welding Optimization

Metodele de inteligentd artificiald, in special invatarea
automatd, au aparut ca instrumente eficiente de mo-
delare surogat care completeaza simularile bazate pe
fenomene fizice, prin utilizarea unor retele neuronale
ce identifica modele intre parametrii de sudare si re-
zultatele obtinute [7-11]. Retelele neuronale artificiale
pot modela dependentele neliniare intre parametrii
de intrare precum curentul de sudare, tensiunea arcu-
lui, viteza de sudare, proprietatile materialelor si para-

Artificial intelligence methods, particularly machine
learning, have therefore emerged as effective sur-
rogate modelling tools that complement physics-
based simulations by learning relationships between
welding parameters and process outcomes [7-11].
Artificial neural networks can model nonlinear de-
pendencies between inputs such as current, voltage,
travel speed, and material properties and outputs.
There are included here the weld bead geometry,
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metrii de iesire. Sunt incluse aici geometria sudurii,
distributia temperaturilor si proprietdtile mecanice,
oferind capacitati predictive rapide pentru proiecta-
rea si optimizarea proceselor. in aplicatii mai avansate,
cum ar fi sudarea cu laser si sudarea prin frecare cu
element activ rotitor, modelele hibride combina Al cu
simuldri numerice si algoritmi de optimizare pentru
a Imbunatati predictia campurilor termice, a baii de
sudare si formarii defectelor, reducand in acelasi timp
semnificativ costul de calcul [7-12].

4. Al in optimizarea proiectarii

Optimizarea proiectarii se concentreaza pe selecta-
rea parametrilor de proces care maximizeaza indica-
torii de performanta, cum ar fi rezistenta mecanica
si eficienta productiei, respectand in acelasi timp
constrangerile fizice si de materiale, asigurand
deformatii minime.

Abordarile traditionale de optimizare cum ar fi ex-
perimentele ANOVA, metodele statistice RMS sau
cele de tip iterativ trial-and-error, devin ineficiente
pentru procese complexe.

Tehnicile de inteligenta artificiald, inclusiv. Ma-
chine Learning ML, algoritmii evolutivi si Tnvatarea
automata RL, permit explorarea automata a spatiilor
mari de parametri prin combinarea modelelor pre-
dictive cu algoritmi de cdutare si luare a deciziilor
[6-12].

Modelele surogat, cum ar fi retelele neuronale artifi-
ciale, sunt utilizate pe scara larga pentru a aproxima
relatiile dintre datele de intrare precum curentul de
sudare, viteza de sudare, energia liniara si datele de
iesire ale proceselor, permitand o optimizare rapida
multi-obiectiv fara necesitatea efectuarii simularilor
complexe bazate pe fenomene fizice, care implica un
consum ridicat de resurse de calcul [6-12].
Proiectarea optimizatd integreaza aceste modele
predictive cu tehnici de optimizare globala, cum ar fi
optimizarea SWARM, algoritmii genetici si reinforce-
ment learning, pentru a identifica parametrii optimi
de sudare, secventele de sudare si configuratiile
procesului. Metodele multi-obiectiv- cum ar fi combi-
narea predictorilor de invatare automata cu algoritmi
evolutivi precum NSGA-II - permit inginerilor sa vizua-
lizeze compromisurile dintre obiectivele concurente,
inclusiv rezistenta, deformatiile si energia liniara, prin
seturi de solutii Pareto-optimale [6-19], figura 4.
Abordarile emergente conecteaza in continuare al-
goritmii de optimizare cu Digital Twins si datele sen-
zorilor in timp real, permitand sisteme de control
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the temperatures distribution, and the mechanical
properties, providing fast predictive capabilities suit-
able for process design and optimization. In more
advanced applications such as laser beam welding
and friction stir welding, hybrid frameworks com-
bine Al models with numerical simulations and op-
timization algorithms to improve prediction of the
specific thermal fields, of the molten pool behav-
iour, and of the defect formation while significantly
reducing computational cost [7-12].

4. Al in Design Optimization

Design optimization in welding engineering focuses
on selecting process parameters and design vari-
ables that maximize performance metrics such as
mechanical strength, minimal distortion, and pro-
duction efficiency while respecting physical and ma-
terial constraints.

Traditional optimization approaches—such as de-
sign of experiments, response surface methods, and
expert trial-and-error—become inefficient as pro-
cess complexity increases.

Artificial intelligence techniques, including machine
learning, evolutionary algorithms, and reinforce-
ment learning, enable automated exploration of
large parameter spaces by combining predictive
models with search or decision-making algorithms
[6-12].

Surrogate models such as artificial neural networks
are widely used to approximate relationships be-
tween welding inputs (e.g., current, travel speed,
heat input) and outputs like weld bead geometry,
strength, or distortion, enabling rapid multi-objec-
tive optimization without the need to perform com-
plex physics-based simulations, which require sig-
nificant computational resources [6-12].

Advanced optimization frameworks integrate these
predictive models with global optimization tech-
niques such as particle SWARM optimization, genet-
ic algorithms, and reinforcement learning to identify
optimal welding parameters, bead sequences, and
process configurations. Multi-objective methods—
such as combining machine learning predictors with
evolutionary algorithms like NSGA-ll—allow engi-
neers to visualize trade-offs between competing ob-
jectives, including strength, distortion, and energy
input, through Pareto-optimal solution sets [6-19],
figure 4.

Emerging approaches further connect optimization
algorithms with digital twins and real-time sensor
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adaptive care ajusteaza continuu parametrii de su-
dare in timpul functionarii.

Selectia materialelor in ingineria sudarii implica
alegerea materialelor de baza, de adaos si auxiliare
care satisfac cerintele de performantd, mentinand in
acelasi timp sudabilitatea, integritatea mecanica si
fezabilitatea economica.

data, enabling adaptive control systems that contin-
uously adjust welding parameters during operation.
Materials selection in welding engineering involves
choosing base materials, filler metals, and consuma-
bles that satisfy performance requirements while
maintaining weldability, mechanical integrity, and
economic feasibility.

Real-Time Adaptation

Hybrid Frameworks

Reinforcement Learning

Predictive Surrogate
Models

Evolutionary Algorithms

Metaheuristic
Algorithms

Figura 4 - Algoritmi Al aplicati in modelare si design Tn ingineria sudarii
Figure 4 - Al Algorithms in welding engineering

Abordarile conventionale se bazeaza pe date empirice,
diagrame de sudare si experientd in inginerie, dar aceste
metode adesea nu reusesc sa surprinda interactiunile
complexe dintre compozitia aliajelor, evolutia micro-
structurii, ciclurile termice si conditiile de exploatare.
Tehnicile de inteligenta artificiala, Tn special mode-
lele de regresie si clasificare bazate pe invatarea
automatd, permit extragerea relatiilor structura-
proces-proprietate din seturi mari de date experi-
mentale si computationale.

Aceste modele pot estima sudabilitatea, compatibili-
tatea aliajelor si proprietatile post-sudare mai eficient
decat indicii conventionali, de exemplu prin utilizarea
de algoritmi Al avansati pentru a estima susceptibili-
tatea la aparitia unor imperfectiuni de material la su-
dare sau riscul de fisurare in aliajele avansate [6-19].
Dincolo de sarcinile de clasificare, Al sprijina proiec-
tarea si optimizarea proceselor de sudare prin ex-
plorarea spatiilor compozitie-proces-proprietate
pentru a identifica metale de adaos si combinatii de
aliaje adecvate pentru conditii specifice de sudare.

5. Al in controlul si inspectia calitatii

Controlul calitatii la sudare este esential pentru a asi-
gura fiabilitatea structurald, conformitatea cu stan-
dardele si prevenirea defectiunilor sau a interventiilor

Traditional approaches rely on empirical guidelines,
welding charts, and engineering experience, but
these methods often fail to capture the complex in-
teractions among alloy composition, microstructure
evolution, thermal cycles, and service conditions.
Artificial intelligence techniques, particularly ma-
chine learning regression and classification models,
enable the extraction of structure—process—proper-
ty relationships from large experimental and compu-
tational datasets.

These models can predict weldability, alloy compati-
bility, and post-weld properties more effectively than
traditional indices, for example by using algorithms
such as random forests, support vector machines,
and gradient boosting to estimate defect suscepti-
bility or cracking risk in advanced alloys [6-19].
Beyond classification tasks, Al also supports ma-
terials design and optimization by exploring com-
position—process—property spaces to identify suit-
able filler metals and alloy combinations for specific
welding conditions.

5. Al in Quality control and inspection

Quality control and inspection are essential in
welding engineering to ensure structural reliabil-
ity, compliance with standards, and prevention
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corective costisitoare. Tehnicile conventionale de
examinari nedistructive NDE, cum ar fi inspectia vizuala
VT, radiatiile penetrante RT, controlul cu ultrasunete
UT si metodele cu lichide penetrante PT, sunt adesea
lente, subiective si cu randament limitat [13-19].
Inteligenta artificiala, in special tehnicile de invatare
automatd si invdtare profunda, combinate cu ve-
derea artificiald si fuziunea datelor provenite de la
senzori, transforma tot mai mult procesul de asigu-
rare a calitdtii la sudare, prin permiterea detectarii
automate a defectelor, imbunatatirea preciziei
inspectiilor si sustinerea procesului decizional n
timp real pe parcursul productiei, figurile 5 si 6.
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of costly failures or rework. Traditional inspection
techniques, such as manual visual inspection, ra-
diography, ultrasonic testing, and dye penetrant
methods are often slow, subjective, and limited in
throughput [13-19].

Artificial intelligence, particularly machine learning
and deep learning techniques combined with com-
puter vision and sensor data fusion, is increasingly
transforming welding quality assurance by enabling
automated defect detection, improving inspection
accuracy, and supporting real-time decision-mak-
ing throughout the production process, figures 5
and 6.
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Figura 6. Mapvision. Ciclu de inspectie vizuald in industria auto pentru +500 imbinari sudate Tn 40 secunde [29]
Figure 6. Mapvision. Automotive visual inspection of +500 welded joints in 40 seconds cycle [29]

O dezvoltare majora este utilizarea retelelor neu-
ronale convolutionale pentru inspectia automata a
sudurilor. Aceste modele analizeaza imagini radio-
grafice sau optice pentru a detecta defecte precum
fisuri, porozitate sau lipsd de topire, cu o rata de suc-
ces de peste 95%, depdsind abordarile conventionale
(aplicatii bazate pe Al sunt prezentate in tabelul 1).

A major development is the use of convolutional
neural networks for automated weld inspection.
These models analyze radiographic or optical images
to detect defects such as cracks, porosity, or lack of
fusion with high accuracies often exceeding 95%, out-
performing traditional rule-based approaches (spe-
cific Al based applications are presented in table 1).

Tabelul 1. Aplicatii de inspectie a sudarii si de control al calitatii bazate pe tehnologii Al
Table 1. Al Enhanced Welding Inspection and Quality Control applications

# Descrierea aplicatiei / Application description

URL

1 | IUNA Weld Inspector

Sistem industrial Al complet integrat pentru inspectia automatd a cordoanelor de sudura, clasificarea
defectelor si analiza dimensionald, cu acces prin interfatd web si posibilitate de integrare in celule
robotizate de sudare.

Turnkey industrial Al vision system for automated weld seam inspection, defect classification, and
dimensional analysis, with browser- based access and integration with robotic cells.

IUNA Weld
Inspector —
Turnkey Al
System for
Optical Weld
Inspection

2 | TrueLight 3D- Al Weld Inspection

Sistem automatizat de inspectie a sudurilor bazat pe imagistica 3D si inteligentd artificiald, utilizat
pentru evaluarea defectelor si a abaterilor dimensionale. Prin captarea profilului tridimensional al
suprafetei sudurii si a caracteristicilor geometrice relevante, sistemul identifica defectele si
semnaleaza in timp real sudurile neconforme.

3D-Al Weld Inspection is an automated quality inspection method that uses 3D imaging and Al to
evaluate welds for defects and dimensional inconsistencies. By capturing the weld’s surface profile and
key geometric features, the system can detect issues then flag out-of-tolerance welds in real time.

Al-Powered 3D

Weld Inspection
with Machine

Learning

4 | Mapvision Weld Seam Inspection (WSI 2025)

Sistem de inspectie a cordoanelor de sudura bazat pe inteligenta artificiald, integrat direct in liniile de
productie. Utilizeaza modele generative pentru crearea de exemple sintetice de defecte si permite
efectuarea inspectiilor la viteze ridicate.

Al- powered weld seam inspection integrated into production lines with generative models for defect
sample generation and high- speed inspection capabilities.

Mapvision Weld
Seam Inspection
2025:

Al- powered

Defect Detection
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Tabelul 1 (continuare). Aplicatii de inspectie a sudarii si de control al calitatii bazate pe tehnologii Al
Table 1 (continued). Al Enhanced Welding Inspection and Quality Control applications

5 | BPT Clarity Pro WELDinspect WELDinspect
Software pentru inspectia sudurilor, disponibil cu module optionale bazate pe inteligent3 artificiald | System =
pentru clasificarea defectelor in timp real, efectuarea masuratorilor si generarea rapoartelor de M
inspectie. Este proiectat pentru utilizarea impreuna cu sisteme digitale de microscopie. ﬁw
Weld inspection software with optional Al modules for real-time defect classification, measurement, sottware
and reporting, designed to work with digital microscope systems.

6 | Matroid Computer Vision Platform (generic) Matroid’s
Platforma software de vedere artificiald bazat3 pe inteligents artificiald. Desi nu este dedicats exclusiv | Al-Powered
suddrii, este utilizata din ce in ce mai frecvent in aplicatii industriale pentru identificarea defectelor de M
sudare, precum porozitdti, perforari prin ardere (burn-through) si stropi de sudura, cu integrare in ::wa
timp real. Flatiorm
While not weld- specific only, Matroid provides Al vision software increasingly used for industrial
inspection including welding defects (porosity, burn-through, spatter) with real- time integration.

7 | AWS Industrial Al Welding Solutions Al in Industrial
Solutie industriald de inteligentd artificiald implementatd la nivel edge, care combini analiza | Welding with
semnalelor acustice si vizuale pentru monitorizarea calitatii sudurilor aproape in timp real si pentru Edge Al (AWS)
evaluarea unui procent foarte ridicat din totalul sudurilor realizate.

Enterprise edge Al integration (e.g., IBM Smart Edge for Welding) combining acoustic and visual signals
for near- real- time quality insights across virtually 100 % of welds.

8 | TRUMPF Al Quality Inspection TRUMPEF Al
Solutie comerciala dezvoltata pentru controlul calitatii sudurilor laser. Analizeaza imaginile Quality
cordoanelor de sudura si furnizeaza feedback imediat privind defectele identificate, fiind utilizata in m_s;m
special in industria auto. Laser Welding
TRUMPF’s commercial Al offering for laser welding quality control that evaluates weld seam images
and provides immediate defect feedback, especially in automotive manufacturing.

9 | ALSEE™ Weld Seam Inspection Al.SEE™
Sistem automat de inspectie opticd a cordoanelor de sudura bazat pe inteligenta artificial3, capabil s | Automatic Weld
identifice o gama largd de defecte, inclusiv pori, fisuri, defecte de legdtura si microdefecte. Permite M‘M
integrarea directa in fluxurile de productie. Solution
Al-driven automatic optical weld seam inspection system that identifies a wide spectrum of defects
(pores, cracks, bonding defects, micro- defects) and supports in- line integration.

10 | WeldAl (K|Lens) WeldAl - 3D Al
Sistem de inspectie tridimensionald destinat evaludrii calitatii sudurilor de tip hairpin utilizate la | Inspection for EV
motoarele electrice. Utilizeaza inteligenta artificiala pentru analiza imaginilor si clasificarea precisd a Motor Welds
defectelor si permite arhivarea rezultatelor pentru trasabilitate.
3D inspection system targeting hairpin weld quality in electric motor manufacturing with Al-driven
imagery and precise defect classification; archives inspection data for traceability.

11 | TrueWeld TrueWeld —
Sistem automatizat de control al calitatii sudurilor bazat pe algoritmi de invitare automats si vedere | Al-Powered
artificiald. Permite detectarea anomaliilor si analiza defectelor in timp real pe liniile de productie. Weld Quality
Al-powered automated weld quality control system using ML and vision for real-time anomaly Control
detection and defect analysis on production lines.

12 | RocketWelder Platform RocketWelder —
Platforma completd pentru automatizarea adaptivé a proceselor de sudare, care integreaza controlul | AlAdaptive
traiectoriei arzatorului prin vedere artificiald, algoritmi Al si monitorizarea calitatii in timp real. Include Mg‘
componente hardware si instrumente pentru antrenarea modelelor de inteligenta artificiald. Automation
End-to-end Al environment for adaptive welding automation and vision- guided torch control with
real- time quality feedback; includes hardware and Al model training workflows.

13 | Wiinspect Wiinspect
Platforma inteligentd pentru managementul si inspectia proceselor de sudare, bazati pe algoritmi | Welding
adaptivi de inteligent3 artificial3. Sistemul invat3 continuu din datele procesului si permite inspectia in | Management
timp real, recunoasterea modelelor si adaptarea parametrilor de proces. Software
Adaptive Al-based welding management and inspection software that learns over time and supports
real- time inspection, pattern recognition, and process adaptation.

14 | MoonVision WeldScanner http://www-
Solutie software specializatd in controlul si asigurarea calitatii produselor si suprafetelor asamblate. | staging.moonvisi
Utilizeaza inspectia vizuald automatd si masurarea dimensionald bazate pe inteligents artificials si | @n-io/products/w

eldscanner/

permite integrarea prin APl in sistemele industriale existente.
The Moonvision software specializes in quality control and assurance of assembly products and
surfaces. Al-based automated visual inspection and measurement; API integration
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Modelele Al optimizate pentru implementare
industriald permit inspectia in timp real utilizand
camere video digitale, realizand astfel monitorizarea
continua a sudurilor Tn sectoare precum industria
auto si HVAC (aer conditionat).

Sistemele de vizualizare bazate pe Al integrate pe li-
nii de sudare robotizate pot identifica imperfectiuni
de forma si pot oferi feedback imediat, imbunatatind
consecventa si reducand dependenta de inspectia
manuala [4-12].

Algoritmii Al Tmbunatatesc examinarea NDE prin
automatizarea analizei datelor radiografice si mul-
ti-senzori, combinand semnale vizuale, acustice si
termice pentru a detecta cu precizie ridicata defec-
tele la sudare. Noile generatii de algoritmi DL apli-
cate seturilor mari de date in inspectia RT au atins
performante foarte inalte, reducand ratele de non-
detectie sub 1% [16].

Desi exista In continuare provocari, in special le-
gate de nevoia de seturi mari de date si etiche-
tare, imagistica si integrare cu standardele de cer-
tificare, sistemele de control ale calitatii bazate pe
Al demonstreaza avantaje clare in ceea ce priveste
viteza, consecventa si precizia detectiei, ceea ce le
conferd o pozitie cheie in inspectii si monitorizari ale
productiei [16,17].

6. Instruire, calificare si colaborare

operator uman-Al

Instruirea si calificarea personalului de sudare rdman
esentiale pentru obtinerea unor rezultate constante
si a unor Tmbinari de inalta calitate. Conventional,
instruirea se bazeaza pe practica repetitiva, pe
echipamente reale si evaluarea experta a tehnicii si
rezultatelor. Aceste metode necesita in mod inerent
resurse mari, sunt lent de scalat si expun cursantii la
riscuri de accidente asociate cu radiatiile de arc elec-
tric, emisii de noxe si temperaturi ridicate [20-24].
Inteligenta artificiald integrata cu medii de realitate
extinsa (XR) ofera modele automate de evaluare
ale abilitatilor, precum si medii de colaborare ope-
rator uman-Al. Aceste modele faciliteaza o instru-
ire imersiva, bazatd pe date si evaluare obiectiva a
performantelor obtinute [20-24], tabelul 2.

Mediile imersive de realitate virtuala si mixta (VR/
MR), combinate cu Al, imbunatatesc dobandirea de
abilitati prin simularea sarcinilor de sudare realiste,
fara expunere la pericolele asociate proceselor de
sudare. Simulatoarele VR ofera cursantilor o replica
digitala a scenariilor de sudare, permitand practica

Lightweight deep learning models optimized for in-
dustrial deployment allow real-time inspection on
edge devices, enabling continuous monitoring of
weld seams in sectors such as automotive and HVAC
manufacturing.

Al based vision systems integrated with robotic weld-
ing lines can automatically identify irregular weld
beads and provide immediate feedback, improving
consistency and reducing dependence on manual
inspection [4-12].

Al also enhances nondestructive testing by automat-
ing the analysis of radiographic and multi-sensor
data, combining visual, acoustic, and thermal signals
to detect defects with high reliability. Deep learning
applied to large X-ray datasets has achieved state-
of-the-art detection performance, reducing missed
defect rates to below 1% while improving through-
put [16].

Although challenges remain particularly the need
for large, labeled datasets, robust imaging condi-
tions, and integration with certification standards,
Al-driven quality control systems already demon-
strate clear advantages in speed, consistency, and
detection accuracy, making them a key component
of modern welding inspection and production moni-
toring [16,17].

6. Training, Qualification, and Hu-
man-Al Collaboration

Training and qualifications of welding personnel re-
main central to achieving consistent process perfor-
mance and high-quality joints. Traditional training
relies on hands-on instruction, repetitive practice
on actual equipment, and expert evaluation of tech-
nique and outcomes. These methods are inherently
resource-intensive, slow to scale, and expose train-
ees to safety risks associated with arcs, fumes, and
high temperatures [20-24].

Artificial intelligence integrated with extended real-
ity (XR) environments, automated skill assessment
models, and human—Al collaborative frameworks
address these limitations by enabling immersive, da-
ta-driven training and objective performance evalu-
ation [20-24], table 2.

Immersive virtual and mixed reality (VR/MR) envi-
ronments combined with Al enhance skill acquisi-
tion by simulating realistic welding tasks without the
hazards of physical arcs or consumables. VR simula-
tors provide trainees with a digital replica of weld-
ing scenarios, allowing repeated practice of joint
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Tabelul 2. Formare, calificare si dezvoltare a competentelor asistate de Al
Table 2. Al Assisted Training, Qualification & Skill Development and Assessment

Descrierea aplicatiei / Application description URL
DimeVision Al Welding Training App DimeVision
Aplicatie bazatd pe inteligenta artificiala, disponibila pe dispozitive mobile si platforme web, care | Al Welding
analizeaza fotografii ale sudurilor si ofera evaluarea defectelor, scoruri de performantd si feedback | Training App
personalizat pentru cursanti, permitand monitorizarea progresului in timp. (Al Feedback)
Mobile and web- based Al application that analyzes photographs of welds and provides defect scoring
and feedback for welding trainees tracking progress over time.
Dig in Vision VR Welding Simulator Dig in Vision
Sistem de instruire pentru sudare bazat pe realitate virtuald, echipat cu modulul inteligent Weld Master | VR Welding
Al, care furnizeaza feedback in timp real privind performanta, permite ajustarea parametrilor de proces | Simulator
si genereaza automat rapoarte pentru invatarea individuala.
Virtual reality welding training system with Weld- Master Al, providing real- time performance feedback,
parameter adjustment, and automated reporting for self- learning.
Simulanis Welding Simulator Simulanis
Simulator industrial pentru instruirea in sudare, dotat cu module de analizd bazate pe inteligenta | Welding
artificiald pentru monitorizarea performantei, simularea defectelor si furnizarea unui feedback bazat pe | Simulator
indicatori cantitativi privind tehnica si consistenta executiei sudurilor. Al- Driven XR
Industrial training simulator with Al analytic modules for performance tracking, defect simulation, and | Welding
metric- based feedback on welding technique and consistency. Training
WeldVR Simulator WeldVR -
Sistem de instruire in sudare bazat pe realitate virtuald, care ofera un nivel ridicat de realism si | Virtual
instrumente analitice pentru monitorizarea parametrilor de lucru, precum unghiul pistoletului sau | Reality
electrodului, viteza de deplasare si calitatea cordonului de sudurd, in vederea evaludrii obiective a | Welding
competentelor. Training
VR welding training system with realistic immersion and analytics that track parameters such as torch | Simulator
angle, travel speed, and bead quality for objective skill assessment.
Simbott AR/VR Welding Simulator Simbott
Platforma de instruire Tn sudare bazata pe realitate augmentata si virtuala, care oferd exercitii interactive | AR/VR
intr-un mediu imersiv, rapoarte cuantificabile privind performanta si vizualizarea erorilor specifice | Welding
principalelor procedee de sudare. Simulator
Mixed reality welding training platform that provides immersive practice, measurable performance
reports, and visualization of welding errors across common welding processes.
Weldingsimulator.net Solutions VR Welding
Gama de sisteme de instruire in sudare bazate pe realitate virtualda si augmentata, care combina | Simulator
echipamente hardware realiste cu aplicatii software avansate pentru formare practica si analiza a | (WeldingSim
performantei pe baza datelor colectate in timpul exercitiilor. ulator.net)
VR/AR welding training systems combining realistic hardware and software for immersive training and
data- driven performance analysis.
AutoVRse Welding Safety VR Modules AutoVRse VR
Module de realitate virtuala asistate de inteligenta artificiald, dedicate instruirii in domeniul securitatii si | Welding
sanatatii Tn munca la sudare. Acestea permit pregatirea operatorilor inaintea executdrii lucrarilor reale | Safety
prin simuldri avansate si scenarii interactive. Training
Al-powered VR modules focused on welding safety training and preparation before actual welding tasks;
integrates advanced simulation and interactive scenarios.

repetata a configuratiilor Tmbinarilor, manipularea
tortei si ajustarea parametrilor intr-un spatiu virtual
controlat [20-24].

Modelele Al sunt tot mai mult integrate in plat-
formele de instruire VR pentru a oferi evaluare si
feedback automat. Clasificatorii DL, inclusiv Vision
Transformers si algoritmii de detectare a obiectelor
YOLO, au fost aplicati inregistrarilor vizuale ale su-
durilor cursantilor pentru a clasifica obiectiv niveluri-
le de calificare si modelele de defecte. Intr-un studiu
de validare, un model Vision Transformer a atins o
precizie de cca 90% in clasificarea abilitatilor de su-
dare, iar un model YOLO a demonstrat o detectare
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configurations, torch manipulation, and parameter
adjustment in a controlled virtual space [20-24].

Al models are increasingly embedded within VR
training platforms to provide automated assess-
ment and feedback. Deep learning classifiers, in-
cluding Vision Transformers and YOLO object detec-
tion networks, have been applied to visual records
of trainees’” welds to objectively classify skill levels
and defect patterns. In one validation study, a Vision
Transformer model achieved nearly 90 % accuracy
in welding skill classification, and a YOLO-based de-
tector demonstrated robust weld defect detection,
showcasing Al’s potential in automated performance



SUDURA, XXXVI - 2/2026

performantd a defectelor existente in suduri, demon-
strand potentialul Al in evaluarea performantei si re-
ducand subiectivitatea in evaluarile instructorilor [20-
24]. Colaborarea om-Al se extinde dincolo de instruirea
individuala la sisteme integrate om-robot care sustin
transferul de competente si calificarea. Platformele
Digital Twins permit analiza modelelor de miscare ale
sudorilor folosind algoritmi Al, cum ar fi clasificarea
masinilor vectoriale de suport ale caracteristicilor de
miscare extrase prin transformari Fourier.

Aceste sisteme pot distinge sudorii calificati de
cei necalificati cu o precizie ridicata si pot utiliza
informatiile obtinute pentru managementul siste-
melor de instruire virtuala si pentru a oferi feedback
specific pentru Tncepatori. Platformele de proces
precum RocketWelder combind viziunea adaptiva
bazatd pe Al cu feedback-ul controlului robotic pen-
tru ajustari ale procesului in timp real. Instrumentele
de management si documentare (WeldCard) sustin
trasabilitatea, urmarirea calificarilor sudorilor si con-
formitatea, conectand datele operationale cu moni-
torizarea proiectului. Simulatoarele de instruire (VR/AR)
utilizeaza analize bazate pe Al pentru a oferi evaluari ale
competentelor si pregatirea pentru certificare.

7. Documentatie si trasabilitate in

proiectele de sudare

Metodele conventionale de documentatie si trasa-
bilitate, precum introducerea manuala a formu-
larelor si dosarele printate pe hartie, sunt suscep-
tibile la erori, inconsecvente si cdutare ineficienta,
subminand asigurarea calitatii si conformitatea cu
reglementarile din domeniu.

Tehnologia Al transforma acest peisaj prin automa-
tizarea si interconectarea inregistrarilor critice, cum
ar fi Specificatiile Procedurilor de Sudare (WPS) si
rapoartele de inspectie.

Folosind procesarea limbajului natural (NLP), mode-
lele de Al antrenate pe baza standardelor industriale
pot extrage automat parametri cheie din text pen-
tru a completa formulare standardizate, reducand
erorile si timpul de pregdtire. Al imbunatdteste
trasabilitatea prin grafuri de cunostinte care leaga
semantic entitati precum sudorii, materialele si
rezultatele inspectiilor Tntr-o structurd de date,
permitand cautari complexe care anterior erau difi-
cil de efectuat in surse de date separate [24-30]. Al
se integreaza cu arhitecturile Digital Twins pentru a
crea reprezentari sincronizate in timp real ale pro-
ceselor de sudare.

evaluation and reducing subjectivity in instructor as-
sessments [20-24]. Human—Al collaboration extends
beyond individual training to integrated human—ro-
bot systems that support skill transfer and qualifica-
tion. Digital twin platforms coupling human dem-
onstration with robot execution enable analysis of
welder motion patterns using Al techniques such as
support vector machine classification of motion fea-
tures extracted via Fourier transforms and principal
component analysis.

Such systems can distinguish skilled from unskilled
welders with high classification accuracy and use
this information to inform robot control strategies
or provide targeted novice feedback.

Process platforms like RocketWelder combine adap-
tive Al vision with robotic control feedback for real
time process adjustments. Management and docu-
mentation tools (e.g., WeldCard) support traceabil-
ity, qualification tracking, and compliance, bridging
operational data with project oversight. Training
simulators (VR/AR) use Al analytics to provide ob-
jective skill assessment and performance tracking,
applicable for vocational training and certification
preparation.

7. Documentation & Traceability in
Welding Engineering

In welding engineering, traditional documentation
and traceability methods, such as manual form en-
try and paper binders are prone to errors, inconsist-
encies, and poor searchability, undermining quality
assurance and regulatory compliance.

Artificial intelligence (Al) is transforming this land-
scape by automating and interconnecting critical
records like Welding Procedure Specifications (WPS)
and inspection reports.

Using natural language processing (NLP), Al mod-
els trained on industry standards can automati-
cally extract key parameters from text to populate
standardized forms, reducing errors and prepara-
tion time. Al enhances traceability through knowl-
edge graphs that semantically link entities such as
welders, materials, and inspection results into a
gueryable structure, enabling complex search that
were previously difficult to perform across dispa-
rate data sources [24-30]. Beyond static records,
Al integrates with digital twin architectures to cre-
ate synchronized, real-time representations of the
welding process.

These systems perform anomaly detection and pre-
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Aceste sisteme pot detecta si eticheta anomalii Tn
mod automat si le conecteaza de documentatia
relevantd fara o introducere manuald a datelor.

dictive logging, automatically timestamping devia-
tions and linking them to relevant documentation
without manual input.

Welcome, Tiago Pereira

‘ & Create new...~
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& Certificates

& Weld WPQ-0013 WPS GTAW+GMAW
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GTAW + GMAW
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Certificate Number Standard Company Weld Type  Welding Base B.M. Diameter Heat Input  PreHeat PWHT (°C) Actions
Processes Materials Thickness (mm) (Kj/mm) (°C)
(mm)

OMT - 001 ASME IX WeldNote BW - Pipe GTAW - 8 16-36.58 168.2 <144 5-115 m

HQ GMAW - 8(1) 16-36.58
GMAW

ASME IX 001 ASME IX +WPS

Holvrieka 12345 1SO 15614-1  WeldNote BW - Pipe 141-138- 8.1 250 100 <228 240 +WPS
HQ 1M 8.1 3-12

PMF 0002 ISO 15614-1 WeldNote ~ BW-Pipe  141-138 1.1 3-126 114 230 +WPS
HQ 1.1 3-126

PQR-00123 150 15614-1 WeldNote BW - Pipe 141-136- 1.1 9-36 323 m
HQ 121 " 9-36

PQR-0013123 AWS D1.1 WeldNote  CJP BW GTAW | 6-24 88.9 >0
HQ Pipe 1 6-24

PQR-2011/109 IS0 15614-1 WeldNote ~ BW-Pipe  141-121 8.1 11-44 219.1 <9.84
HQ 8.1 11-44

PQR-2012/0178 Rev.1  1SO 15614-1 WeldNote  BW - Pipe 141 31 3-142 60.3 0.44-2.18 m
Germany 3.1 3-142

PQR-AWSD1.1-002 AWSD1.1  WeldNote ~ CJPBW- GMAW | 7-28 3238 20 3
HQ Pipe 1 7-28

PQR-DEMO-001 ASME IX WeldNote ~ BW-Pipe  GTAW- N/A 16-40 323 <175 +WPS
HQ GMAW N/A 16- 40

Sample PQR 1 ASME IX WeldNote BW - Pipe GTAW 8(1) 6.02-12.04 223 <1.82 145-255 @ el NPS
HQ 8(1) 6.02-12.04

Certificate Number

ype here to search PQRs by Number

Figura 7. WeldNote — Platforma de Management Proiecte Sudare, capturi ecran [30]

Figure 7. WeldNote- Welding Manage

In  monitorizarea  conformitatii, Al valideazd
inregistrarile Tn functie de criteriile de reglemen-
tare prin identificarea cauzelor si recomandarea de
actiuni corective, reducand astfel sarcina asupra in-
ginerilor de calitate. Atunci cand este Tncorporata
in platforme bazate pe cloud, Al permite cdutarea
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ment Software, screen snapshots [30]

In compliance monitoring, Al validates records
against regulatory criteria by identifying gaps and
recommending corrective actions, thereby reduc-
ing the cognitive load on quality engineers. When
embedded in cloud-based platforms, Al also enables
semantic search using vector embeddings, allowing
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semantica folosind incorporari vectoriale, permitand
inginerilor sa recupereze inregistrari tehnice conexe
cu o eficienta mai mare decat cautarile traditionale
de cuvinte cheie. Impreund, aceste capabilitati baza-
te pe Al simplifica documentatia, asigura o trasabili-
tate robusta si sustin conformitatea scalabila in me-
dii de fabricatie complexe, tabelul 3 [24-31].

engineers to retrieve related technical records with
greater efficiency than traditional keyword searches.
Collectively, these Al-driven capabilities streamline
documentation, ensure robust traceability, and sup-
port scalable compliance in complex fabrication en-
vironments, table 3 [24-31].

Tabelul 3. Exemple de aplicatii Al pentru management proiecte sudare si trasabilitate

Table 3. Al based app for Welding Management & Traceability

Application description

URL

WeldChain
Platforma digitala care utilizeaza interfete IoT (Internet of Things) pentru conectarea echipamentelor
de sudare, a sistemelor biometrice si a echipamentelor de inspectie, asigurand transferul securizat si

https://www.w
eldchain.net/ab
out-the-

eficient al informatiilor privind procesul de sudare catre o infrastructura blockchain. Solutia permite | technology
cresterea nivelului de trasabilitate, integritate si securitate a datelor asociate productiei si controlului

calitatii.

Platform that uses 10T APIs to connect with welding, biometric and inspection equipment for secure

and efficient transfer of welding information to the blockchain [22].

WeldNote WeldNote -
Solutie software pentru managementul activitatilor de sudare, destinata administrarii documentatiei | Welding
tehnice, trasabilitatii operatiilor, gestionarii calificdrilor personalului si monitorizdrii proceselor de | Management
fabricatie [23]. Platforma faciliteaza centralizarea informatiilor si controlul conformitatii cu cerintele | Software

standardelor aplicabile.

Welding Management Software solution for welding management, designed for the administration of
technical documentation, operation traceability, personnel qualification management, and
manufacturing process monitoring. The platform facilitates information centralization and supports
compliance control with applicable standards and regulatory requirements.

https://www.yo

utube.com/wat
ch?v=PdPNKND
oVkw

WeldCard

Platforma pentru managementul proiectelor de sudare si al documentatiei tehnice, extinsd cu
functionalitati bazate pe inteligenta artificiala. Permite monitorizarea in timp real a progresului
lucrarilor, gestionarea automatda a documentelor WPS (Welding Procedure Specification) si PQR
(Procedure Qualification Record), urmarirea calificarilor sudorilor si realizarea de analize predictive

WeldCard —

Al- Powered
Welding Project
Management

pentru optimizarea activitatilor de productie si control al calitatii.
Al-augmented welding project and documentation management platform with real- time progress
tracking, automated WPS/PQR handling, welder qualification tracking, and predictive analytics [31].

Software

8. Concluzii

Al determina schimbari majore in ingineria sudarii,
de la practici bazate pe experienta la sisteme adap-
tive, centrate pe date.

Pe tot ciclul de exploatare, inclusiv simularea, proiec-
tarea, selectia materialelor, inspectia, instruirea si
documentatia, Al ofera Tmbunatatiri masurabile in
ceea ce priveste capacitatea predictiva, consecventa
si eficienta. Accelereaza modelarea intensiva din
punct de vedere computational, permite optimiza-
rea designului multi-obiectiv si simplifica selectia
materialelor prin intermediul algoritmilor ML, in
special pentru aliaje avansate si procese aditive.

Tn controlul calittii, viziunea computerizatd bazatd
pe Al si fuziunea senzorilor oferda o detectie precisa
a imperfectiunilor de sudare in timp real, reducand
subiectivitatea.

Tehnologiile Al transforma dezvoltarea fortei de
munca prin instruire imersiva si evaluare obiectiva a
competentelor, automatizand fluxurile de lucru pen-

8. Conclusions

Al is driving a fundamental shift in welding engineer-
ing from experience-based practices to data-centric,
adaptive systems.

Across the welding lifecycle including simulation,
project-design, material selection, inspection, train-
ing, and documentation, Al delivers measurable im-
provements in predictive capability, consistency, and
efficiency. It accelerates computationally intensive
modeling, enables multi-objective design optimi-
zation, and streamlines material selection through
machine learning frameworks, particularly for ad-
vanced alloys and additive processes.

In quality control, Al-powered computer vision and
sensor fusion provide highly accurate, real-time de-
fect detection, reducing subjectivity and enabling
near-complete inspection coverage.

Al also transforms workforce development through
immersive training and objective skill assessment,
while in documentation, it automates compliance
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tru asigurarea conformitdtii prin procesarea limbajului
naturalsigraficeledecunostinte. Totodata, Alactioneaza
ca si un mediu unificator care imbunatateste procesul
decizional si integreaza datele In domenii traditional
izolate. Dezvoltarea sa continua se bazeaza pe seturi de
date de inalta calitate, reprezentari standardizate ale
datelor si modele avansate ale fenomenelor metalur-
gice. Prin aceste caracteristici, Al se pozitioneaza ca si
o componentd fundamentald a sistemelor de sudare
inteligente, fiabile si eficiente.

workflows via natural language processing and
knowledge graphs.

Rather than replacing established engineering prin-
ciples, Al serves as a unifying layer that enhances
decision-making and integrates data across tradi-
tionally siloed domains. Its continued advancement
relies on high-quality datasets, standardized data
representations, and physics-informed models, po-
sitioning Al to become a foundational component of
intelligent, reliable, and efficient welding systems.

Pentru citare:
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