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Rezumat

Acest studiu abordeazd necesitatea consideratd criticd de a se introduce un cadru de competente complet
nou, la nivel european, in ceea ce priveste personalul din domeniul fabricatiei aditive (AM) Necesitatea rezidd
din dorinta de a depdsi lipsa de personal calificat care impiedicd adoptarea acestei noi familii de tehnologii
de fabricatie. Pentru a facilita o crestere inteligentd, durabild si favorabild incluziunii, sectorul AM necesitd
un proces de invdtare cuprinzdtor care sd acopere intregul lant valoric si care sd pund accent pe abilitdtile
digitale. Strategia de competente propusd presupune infiintarea unui Observator AM, care sd facd legdtura
intre educatie si industrie. Acest observator identificd, monitorizeazd si anticipeazd nevoile de competente,
utilizdnd o metodologie de previzionare si crednd o foaie de parcurs privind dezvoltarea de competente sec-
toriale. Astfel, pot fi identificati factorii de decalaj dintre educatie si industrie si este creat un set de actiuni de
sprijin si recomanddri pentru reducerea acestui decalaj.

Metodologiile cadru propuse sunt aplicate pentru a revizui profilurile profesionale internationale, calificdrile
si modulele de formare existente in domeniul AM, in timp ce se proiecteazd altele noi. Rezultatul implicd ac-
tualizarea Sistemului International de Calificare in domeniul Fabricatiei Aditive (IAMQS), asigurdnd relevanta
acestuia la nivel transnational, national si regional. Abordarea competentelor dezvoltate inteligent asigurd
sustenabilitatea printr-o retea de furnizori de formare, promovdnd conexiuni puternice intre diverse sectoare
industriale care aplicd n mod activ AM. In cele din urmd, aceastd initiativd abordeazd cu succes lipsa presantd
de competente din comunitatea AM, facilitdnd implementarea si progresul pe scard largd a tehnologiei.

Cuvinte cheie
Fabricatie aditivd, cadrul de competente, metodologie de prognozd, implementare tehnologii emergente, calificare personal

Abstract

This study addresses the critical need for a completely new skills framework in the Additive Manufacturing
(AM) community across Europe to overcome the shortage of qualified personnel hindering technology adop-
tion. To facilitate smart, sustainable, and inclusive growth, the AM sector requires a comprehensive learning
process spanning the entire value chain and emphasizing digital skills. The proposed skills strategy involves
the establishment of an AM Observatory, bridging between education and industry. This observatory identi-
fies, monitors, and anticipates skills needs, employing a forecast methodology and creating a sector skills
roadmap. Gap drivers are identified, and a set of support actions and recommendations are outlined for
mitigation.

Methodological frameworks are applied to review existing international AM professional profiles, qualifica-
tions, and training modules, while also designing new ones. The outcome involves updating the International
Additive Manufacturing Qualification System (IAMQS), ensuring its relevance at transnational, national, and
regional levels. The developed skills intelligence approach ensures sustainability through a network of train-
ing providers, fostering strong connections among diverse industrial sectors actively applying AM. Ultimately,
this initiative successfully addresses the pressing skills gap in the AM community, facilitating the technology’s
widespread implementation and advancement.

Keywords
Additive manufacturing, skills framework, forecast methodology, implementation of emergent technologies, qualification of per-
sonnel
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1. Introducere

Tn ceea ce priveste aspectele economice ale AM
[2], au fost identificate efecte ale curbei de invatare
legate de repetarea procesului si experienta opera-
torului. Concluzia a fost cd in cazul unui operator
expert este posibild o reducere a costului unitar, in
paralel cu obtinerea unei performante iTmbunatatite
a procesului, comparativ cu un operator incepator.
Potrivit Haldi et al. [3], randamentele crescatoare
sunt generate din surse dinamice datorita efectelor
curbei de invatare si efectelor stochastice legate de
reducerea variantei procesului. Prin urmare, necesi-
tatea de a instrui lucratorii si de a se asigura ca au
un set de competente corect si actualizat devine
esentiald pentru a face fata tehnologiei AM [4].
Tehnicile AM sunt folosite pentru a fabrica forme
complicate, construite strat cu strat, cu intrari de
date provenind din fisiere de date digitale [5]. In
comparatie cu procesele de fabricatie conventionale,
tehnicile de fabricatie AM sunt mai eficiente si au
un efect neglijabil asupra mediului [5, 6], asigurand
sustenabilitatea acestuia pentru aplicatii industriale.
n acelasi timp, AM are un rol critic in transforma-
rea digitala a productiei, care cere producatorilor
sa aibad ,abilitatea de a gandi in 3D”, putand astfel sa
regandeasca intregul ciclu de viata al unui produs [7],
precum sisa aiba lucratori care se pot adapta la evolutia
continud a tehnologiei. Din nou, acest lucru intareste
competitivitatea organizatiilor pentru a-si creste profi-
tabilitatea In timp ce se ocupa de tehnologiile emer-
gente si exploateaza beneficiile Industriei 4.0 [8].

Tn acest context, apar intrebdri importante: cum
sa abordam nevoile de competente emergente ale
lucratorilor AM Tntr-o maniera holistica si eficienta?
Gama de initiative si proiecte privind gasirea de
solutii la deficitul de competente AM este larga, cu
toate acestea, abordarea utilizatd este fragmentata si
se concentreaza mai degrabd pe abordarea nevoilor
silacunelor individuale existente decat pe adoptarea
unei abordari coezive si strategice care sa ia in con-
siderare viitorul si nevoile prezente ale industriei.
Mai mult, timpul dintre identificarea nevoilor de
competente si capacitatea de implementare a
modulelor de calificare/formare pentru a le abor-
da, care includ proiectarea profilului profesional
sau al calificarii necesare, a fost identificat ca fi-
ind foarte lent si, prin urmare, adesea incapabil
sa tina pasul cu schimbarea tehnologica si cadrul
economic. Aceastd situatie este deosebit de
critica pentru sistemele publice de educatie si for-
mare profesionald, care se confrunta cu mai multe
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1. Introduction

As it usually happens for new advanced manufactur-
ing technologies which grow at a quick pace across
different industries, reaching rapidly a mature stage
of development, the workforce capability to leverage
this rapid technological innovation does not evolve
at the same speed. This is not a different case for Ad-
ditive Manufacturing (AM) technologies, where ac-
cording to Kamara et al. [1], the success of its imple-
mentation demands not only the acquisition of AM
system technologies and support, but also training
of AM workers and the development of new work-
flows to define and implement the roadmap for the
success of the AM integration in the value chain.
Regarding the economics of AM [2], learning curve ef-
fects were identified related to process repetition and
operator experience. The conclusion was that a reduc-
tion in unit cost along with an improved performance
of the process was achieved by an expert operator in
comparison with a novice operator. According to Haldi
etal. [3], increasing returns are generated from dynam-
ic sources due to learning curve effects and stochastic
effects related to the reduction of process variance.
Therefore, the need to train workers and ensure they
have a correct and update skills-set becomes essential
to deal with the AM technology [4].

AM techniques are used to manufacture intricate
shapes, built layer by layer, with the inputs from digi-
tal data files [5]. In comparison with conventional
manufacturing processes, AM manufacturing tech-
niques are more efficient and have a negligible effect
on the environment [5, 6], ensuring its sustainability
for industrial applications. At the same time, AM has
a critical role in the digital transformation of manu-
facturing which demands manufacturers to have “the
ability to think in 3D” and to rethink the entire lifecy-
cle of a product [7], as well as to have workers that
can adapt to the continuous evolution of the technol-
ogy. Again, this reinforces the competitiveness of or-
ganizations to increase their profitability while deal-
ing with emerging technologies and exploiting the
benefits of Industry 4.0 [8].

Upon this, important questions arises: how to ad-
dress AM workers emergent skills needs in holistic
and effective manner? The range of initiatives and
projects on AM skills shortage are wide, however the
approach utilized is fragmented and focused on ad-
dressing existing individual needs and gaps, rather
than taking a cohesive and strategic approach which
considers the future as well as the present needs of
the industry. Moreover, the time between the iden-



constrangeriin accesarea echipamentelor AM si la
cele mai recente evolutii tehnologice. in plus, cea
mai mare parte a ofertei de formare disponibila
este oferitda pentru niveluri avansate la nivel de
invatamant superior, acoperind nivelurile EQF 6
si 7. Acest lucru a motivat activitatea desfasurata
in cadrul proiectului SAM [9] care este prezentat
aici si care a fost pe deplin aliniat cu obiectivele
programului Aliante ale Abilitatilor Sectoriale
de a crea o inteligentd a competentelor secto-
riale, adica posibilitatea de a anticipa si dezvolta
competente pentru a sprijini cresterea sectorului
de fabricatie aditiva, folosind instrumentele eu-
ropene care pot conferi transparenta si calitate
calificarilor AM [10]. Aceasta abordare strategica
a competentelor in AM a constat in dezvoltarea
unei metodologii dinamice de prognoza axata pe
identificarea, anticiparea si validarea deficientelor
de competente, lipsurilor si nepotrivirilor, pentru
a dezvolta si/sau revizui calificari si noi profiluri in
AM si a le implementa apoi in industrie, conform
necesitatilor, Intr-un timp minim posibil.

Tn acest fel, foaia de parcurs pentru Strategia
europeana de competente AM definita in [11] a
evidentiat provocdrile complexe cu care se confrunta
sectorul AM, sub forma a sapte factori de decalaj.
Pentru fiecare decalaj, au fost stabilite diferite obiec-
tive strategice din care au rezultat 26 de actiuni de
sprijin (AS) pentru a aborda aceste obiective. De ase-
menea, au fost formulate, cu titlul de propuneri, 30 de
recomandari privind bune practici, precum si actiuni
de indrumare pentru implementarea ulterioara facila
de catre diverse grupuri tinta interesate.

Tn urmé&toarele sectiuni vor fi prezentati si discutati
diferitii pasi care trebuie facuti pentru o aplicare
cu succes a acestei abordari strategice. In aceast
discutie sunt descrise principalele rezultate ale
proiectului SAM, pe tip de activitate, si anume:
Strategia privind competentele si abordari previzio-
nare, Tendintele AM, Lipsa de competente, Necesi-
tatea privind competentele digitale si Cadrul secto-
rial de formare de personal in AM.

2. Metodologia de previzionare a com-

petentelor din domeniul fabricatiei aditive

Inteligenta competentelor pentru fabricarea aditiva,
concept din care a derivat si metodologia de
prognoza a competentelor, a fost fundamentata pe
analiza a trei piloni principali: provocari globale si so-
cietale, dezvoltarea tehnologiei in diferite sectoare
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tification of skills needs and the capability of deploy-
ing qualification/training modules to address them,
which include designing the required professional
profile/qualification, was identified as being very slow
and thus often unable to keep pace with the changing
technological and economic landscape. This situation
is particularly critical for public Vocational Education
and Training Systems, which face more constraints in
accessing AM equipment and the latest technological
developments. Besides, most of the available training
offer is provided for advanced levels at Higher Educa-
tion level, covering EQF levels 6 and 7 This motivated
the work carried out in the framework of the SAM
project [9] that is hereby presented and which was
fully aligned with the Sector Skills Alliances objectives
of creating sectoral skills intelligence, meaning the
anticipation and development of skills to support the
growth of the Additive Manufacturing sector, using
European tools for transparency and quality of AM
qualifications. [10] This strategical approach to skills
in AM consisted in the development of a dynamic
forecast methodology focused on skills gaps, short-
ages and mismatches identification, anticipation and
validation, to develop and/or revise qualifications and
new profiles in AM and deploy them as required by
industry in a timely way. This way, the European AM
Skills Strategy Roadmap defined in [11] has outlined
the complex challenges faced by the AM sector, in the
form of seven gap drivers. For each gap, different stra-
tegic objectives were established from which resulted
26 Supporting Actions (SA) to address those same
objectives. Also, a set of 30 recommendations were
formulated as proposals, best practices, and guid-
ance actions for further implementation by the dif-
ferent target groups, to undertake the best course of
action. The different steps taken towards the success
of the application of this strategic approach will be
discussed in the following sections, where the main
SAM project outcomes are described by type of activ-
ity, namely: Skills Strategy and Forecast Approaches,
AM Trends, Skills Shortages, Digital Skills Needs and
the AM Sectoral Training Framework.

2. Methodology for Additive Manu-

facturing Skills Forecast

The skills intelligence for Additive Manufacturing,
from where the methodology for skills forecast was
derived, was grounded on the analysis of three
main pillars: global and societal challenges, tech-
nology development in different industrial sectors,
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industriale si evolutia profilurilor profesionale.
Pentru a sprijini dezvoltarea metodologiei, a fost
efectuatd o analiza a reperelor globale si societale
asteptate a fi indeplinite pana in 2030. Acesta a fost
un pas important in concluzionarea asupra princi-
palelor transformari care influenteaza implementarea
industrialda a AM.

Metodologia de prognoza a competentelor, dezvoltata
si aplicata n cadrul proiectului SAM [9] pentru a iden-
tifica si anticipa lacunele si lipsurile de competente ac-
tuale si viitoare in AM, este compusa din trei etape, fie-
care dintre ele implicand instrumente si parti interesate
specifice: (1) Identificare; (2) Analiza; si (3) Validare.
Etapa de identificare constd in cercetarea pietei pen-
tru a determina nepotrivirea competentelor si lacu-
nele In cadrul lantului valoric AM. Aceasta etapa se
bazeaza pe datele colectate printr-un set de sondaje
online si interviuri cu reprezentanti ai industriei si
centrelor de cercetare si dezvoltare pentru a evalua
tendintele aplicatiilor AM, provocarile din sector si
solutiile de abordare a necesarului de competente.
Metodologia a fost conceputa pentru a aborda diferite
scenarii: (a) scenariul cazului real (pentru a raspunde
necesarului de competente Tn mai putin de 1 an); (b) sce-
nariul pe termen scurt (in mai putin de 3 ani) si (c) sce-
nariul de previziune (mai mult de 10 ani). Instrumentele
aplicate si grupurile tinta au variat in functie de scenariu
si sunt urmadtoarele: sondaje, interviuri, revizuire a litera-
turii si metode explicative cum e cafeneaua mondialg,
brainstorming si ateliere de analiza si validare.

Etapele de analiza, derulate dupa colectarea datelor
prin sondaje si revizuire a literaturii, sunt intreprinse
de ungrup de experti, permitand definirea prioritatilor
de competente si a domeniilor care au necesitat ex-
ploatare Tn continuare prin interviuri cu experti.
Etapa de validare, in care constatdrile din etapa de
analizd sunt prezentate unor grupuri suplimentare
de experti, este cruciald pentru definirea viitoarelor
ocupatii si prioritizarea dezvoltarii calificarilor re-
spective care sprijind industria sa umple golurile exis-
tente. Ca recomandare, pentru a creste robustetea
procesului, etapa de validare utilizeaza o abordare
combinata constand dintr-o parte plenara, pentru a
prezenta expertilor scopul general al sesiunii de vali-
dare si cazul in care se aplica metodologia, urmata
de o activitate practica cu expertii industriali si alte
parti interesate relevante pentru subiect.
Metodologia este schematizata in figura 1.
Abordarea previzionistda a competentelor descrisa mai
sus a condus la identificarea lacunelor si cerintelor de
competente AM in ultimii cinci ani (din 2019 panain 2023).
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and professional profiles evolution.

To support the development of the methodology,
an analysis of the expected global and societal mile-
stones until 2030 was conducted. This was a crucial
step to conclude about the main transformations
impacting the AM industrial implementation.

The methodology for skills forecast developed and
applied in the framework of the SAM project [9], to
identify and anticipate current and upcoming skills’
gaps and shortages on AM is composed of three
stages, each of them involving specific tools and
stakeholders: (1) identification; (2) analysis; and (3)
validation.

The identification stage consists of market research
to determine skills mismatches and gaps within the
AM value chain. This stage relies on the data gath-
ered through a set of online surveys and interviews
with representatives from industry and R&D cen-
tres to assess trends in AM applications, challenges
in the sector and solutions to tackle the skills needs.
The methodology was framed to address different
scenarios: (a) real case scenario (to address skills
needs in less than 1 year); (b) short-term scenario
(in less than 3 years) and (c) foresight scenario (af-
ter more than 10 years).

The tools applied and target groups varied accord-
ing to the scenario, and are the following: surveys,
interviews, literature review and explanatory meth-
ods such as world café, brainstorming and analysis
& validation workshops. The analysis stages, per-
formed after collecting the data through surveys
and literature review, is undertaken by a group of
experts, enabling to define the skills priorities and
areas that needed further exploitation through ex-
pert interviews.

The validation stage, in which the findings from the
analysis stage are presented to additional groups of
experts, is crucial to define the future occupations
and prioritise the respective qualifications develop-
ment that support industry to fill in the gap.

As a recommendation, to increase the robustness of
the process, the validation stage uses a combined ap-
proach consisting of a plenary part, to introduce ex-
perts to the overall aim of the validation session and
the case in which the methodology is being applied,
followed by a hands-on activity with the Industrial Ex-
perts and other relevant stakeholders for the topic.
The methodology is schematised in figure 1.

The above-described skills forecast approach led
to the identification of AM skills gaps and require-
ments over the past five year (from 2019 to 2023).
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Figura 1. Schema metodologiei de previzionare a competentelor AM
Figure 1. Schematics of the methodology for forecasting AM skills

Ea a fost implementatd prin patru runde de audiere
a reprezentantilor organizatiilor industriale, de cer-
cetare si formare, precum si a agentiilor de recru-
tare, luand in considerare scenariile de previziune.

2.1 Colectarea datelor

Pentru a colecta date despre cazuri reale si scenarii pe
termen scurt din randul partilor interesate relevante,
au fost derulate Tn fiecare an cate patru runde de
sondare de catre partenerii proiectului SAM. Aceste
sondaje au avut ca scop evaluarea diferitelor aspecte:

e Practici si provocari in formarea AM — cu scopul
de a intelege si inventaria practicile educationale
desfdsurate de organizatiile de formare, precum
si pentru a identifica nevoile si provocarile pe
termen scurt legate de implementarea instruirii;

¢ Abilitati AM si tendinte tehnologice pentru
RTO- cu scopul de a intelege care sunt tendintele
tehnologice pentru urmatorii ani in AM;

¢ Nevoile companiilor/angajatorilor privind AM
- cu scopul de a identifica profesionistii din do-
meniul fabricatiei aditive, companiile care detin
acele cunostinte si abilitati care sunt cautate in
prezent si care se preconizeaza ca vor fi necesare
in urmatorii trei ani;

¢ Nevoile profesionistilor/lucratorilor privind AM
- cu scopul de a identifica abilitatile actuale,
cunostintele si noile locuri de munca necesare in
termen de un an;

e Agentii de recrutare- cu scopul de a identifica
datele privind oportunitatile de angajare din do-
meniul AM din piata muncii.

Aceste sondaje au fost partajate online prin e-mai-
luri personale, buletine informative si diseminate in

The forecast approach was implemented through four
rounds of auscultation among industrial, research and
training organisations, as well as among recruitment
agencies considering the forecast scenarios.

2.1 Data Collection

To gather Real Case and Short-Term Scenarios data
among the relevant stakeholders four different
rounds of surveys were developed each year by the
SAM project partners. These surveys aimed to as-
sessing different aspects:

e AM training practices and challenges — aiming
to understand and map educational practices
deployed by training Organizations; as well as
to identify short terms needs and challenges re-
lated to the implementation of training;

e AM skills and technological trends for RTOs -
aiming to understand which are the technologi-
cal trends for the next years in AM;

e AM companies/employers’ needs - aiming to
identify which Additive Manufacturing profes-
sionals, knowledge and skills companies are
looking for currently, and expected needing in
three years’ time;

* AM professionals/workers’ needs - aiming to
identify current AM skills, knowledge and new
job needed within one year;

e Recruitment agencies - aiming to identify job
opportunities and employability data concern-
ing the AM in the labour market.

These surveys were shared via online through per-

sonal e-mails, newsletters and disseminated during
specific events and networks. Additionally, inter-
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cadrul unor evenimente si retele specifice. In plus,
au fost realizate interviuri ca instrumente comple-
mentare sondajelor cu reprezentanti ai industriei.
Criteriile de selectie pentru intervievati au inclus asi-
gurarea prezentei a cel putin unui reprezentant din
fiecare tip de companie (de exemplu, IMM, start-up,
companie mare, asociatie industriald), reprezentanti
din toate sectoarele, luarea Tn considerare a dife-
ritelor tipuri de profiluri legate de fabricarea aditiva
si asigurarea variabilitdtii in ceea ce priveste tarile si
echilibrul de gen. Durata estimata a fiecarui interviu
a variat Tntre 30 de minute si o ora.

Activitatea World Cafe a avut loc o datd cu scopul de
a facilita discutiile si de a culege date de la experti
industriali si VET (Educatie si Formare Profesionala).
Scopul a fost de a sprijini identificarea tendintelor
legate de aplicatiile de fabricatie aditiva (AM), con-
centrandu-se pe materiale, procese, sectoare si
provocari globale pana tn anul 2025. Au fost folosite
intrebari deschise pentru a incuraja discutia, precum
,Ce calificari armonizate vor fi necesare pentru AM
cu compozite/plastice in urmatorii 5 ani?”.

Pentru a colecta date pentru scenariile de previ-
ziune (anticiparea pentru 5 si 10 ani), metodolo-
gia folosita urmeaza metoda Delphi, implicand o
serie de chestionare in doud sau mai multe runde.
A nceput cu o activitate de tip atelier virtual si in-
teractiv initial, urmatd de doua sondaje ulterioare
bazate pe raspunsurile din rundele precedente.
Raspunsurile au fost compilate si analizate pentru
a evalua tendintele din domeniul fabricatiei aditive
in urmatorii 10 ani. Datele sunt colectate prin inter-
mediul atelierului virtual si prin sondaje ulterioare.
Initial, a fost organizat un atelier online pentru a dis-
cuta despre tendintele AM cu experti, implicandu-i
prin intrebari deschise. Rezultatele acestui atelier au
informat prima runda a unui sondaj online, care a
inclus intrebari cu raspunsuri multiple derivate din
atelierul online. Ulterior, 0 a doua runda a sondajului
online a fost efectuata pe baza rezultatelor sondaju-
lui din prima runda. Intre prima si ultima runda de
colectare a datelor, la sondajele mentionate au par-
ticipat un total de 850 de respondenti din diferite
tari, tipuri de companii, afaceri si diferite profiluri/
roluri.

2.2 Analiza datelor

Rezultatele sondajului au fost analizate in cadrul a
patru piloni principali: competente tehnologice,
competente digitale sau competente antrepreno-
riale si competente ecologice. Acest studiu se
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views were conducted as complementary tools to
the surveys with representatives from the industry.
Selection criteria for interviewees included ensur-
ing the presence of at least one representative
from each type of company (e.g., SME, start-up,
large company, industrial association), represen-
tation from all sectors, consideration of different
types of additive manufacturing-related profiles
and ensuring variability in terms of countries and
gender balance. The estimated duration of each in-
terview ranged from 30 minutes to one hour.
World Cafe activity occurred once with the purpose
of facilitation of discussions and gathering data from
industrial and VET (Vocational Education and Train-
ing) experts. The goal was to support the identifi-
cation of trends related to Additive Manufacturing
(AM) applications, focusing on Materials, Processes,
Sectors, and overarching challenges up to the year
2025. Open-ended questions were used to encour-
age the discussion such as “What harmonised quali-
fications will be need for AM with composites/plas-
tics in the next 5 years?”.

To collect data for the foresight scenarios (anticipa-
tion for 5 and 10 years’ time) the methodology em-
ployed follows the Delphi method, involving a se-
ries of questionnaires across two or more rounds.
It commences with an initial virtual and interactive
workshop, followed by two subsequent surveys
built upon responses from preceding rounds. The
responses are compiled and analysed to assess ad-
ditive manufacturing (AM) trends over the next 10
years. Data is collected through the virtual work-
shop and follow-up surveys.

Initially, an online workshop was organized to
discuss AM trends with experts, engaging them
through open-ended questions.

The results of this workshop informed the first round of
an online survey, which included multiple-choice ques-
tions derived from the online workshop. Subsequently,
a second round of the online survey was conducted
based on the outcomes of the first-round survey.
Between the first and last rounds of data collection,
a total of 850 participants from different countries,
types of companies, businesses, and various job
profiles/roles took part in the mentioned surveys.

2.2 Data Analysis

The survey results were analysed within the frame-
work of four main pillars: technological skills, digi-
tal skills, entrepreneurship or entrepreneurial skills
and green skills. This study specifically focuses on
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concentreaza in mod special pe constatarile legate
de competentele digitale. Au fost organizate ateliere
pentru analiza datelor. Expertii din sector au fost
adunatiin atelier si a fost creat mediul pentru studiul
grupului de lucru. Scopul acestor sesiuni de atelier a
fost acela de a analiza si discuta rezultatele sonda-
jelor pentru a trage concluzii despre decalajele de
competente AM, profiluri profesionale care trebuie
abordate avand in vedere scenariile de studiu defi-
nite (caz real, pe termen scurt si previziune). Pentru
a facilita analiza rezultatelor, au fost infiintate grupu-
ri pentru a discuta diferitele rezultate ale sondajelor
efectuate cu centre de formare, lucratori din indus-
trie, companii, agentii de recrutare si centre de cer-
cetare. Partenerii SAM au fost impartiti in grupuri, in
conformitate cu experienta lor si echilibrul de gen.
De exemplu, un grup a discutat despre sondajul cen-
trului de formare, altul a analizat sondajul AM asu-
pra fortei de munca si grupurile ramase au discutat
rezultatele sondajului companiei etc. Un reprezen-
tant a Tmpartasit concluziile grupurilor de lucru cu
intregul grup la sfarsitul intalnirilor.

2.3 Validarea datelor

Au fost desfasurate ateliere de validare cu experti
externi in domeniu pentru validarea temeinica a
analizei datelor. Grupul de Experti ai Consiliului In-
dustrial a participat la atelierele de validare si a dis-
cutat despre nevoile de competente AM, calificarile
viitoare si tendintele considerate prioritati pentru a
sprijini cresterea sectorului.

3. Constatari: tendinte AM si deficit

de competente

Figura 2 ilustreaza schimbarile pe ani in abilitatile
tehnologice, digitale si ecologice pe baza datelor
colectate din scenarii de caz reale si scenarii pe ter-
men scurt.

Pe baza evaluarii previzionale, evolutiile anticipate
si tendintele tehnologice in AM in urmatorii 10 ani
includ integrarea AM in productia de serie, disponi-
bilitatea mai multor standarde publice in diferite
domenii (design, materie prima, procese, personal,
masini etc.), introducerea de noi materiale, redu-
cerea costurilor si disponibilitatea pe scara larga a in-
strumentelor de simulare fiabile pentru majoritatea
tehnologiilor AM.

Implicatiile majore ale unor astfel de evolutii/
tendinte pe piata fortei de munca AM includ nevoia
a mai multor experti digitali (cum ar fi manageri

the findings related to digital skills. Workshops
were conducted in order to analyse data. The ex-
perts from the sector were gathered in the work-
shop and the environment was created for the
working group study. The aim of these workshop
sessions was to analyse and discuss the results of
the surveys in order to draw conclusions about the
AM skills gaps, professional profiles that need to be
addressed considering the defined study scenarios
(real case, short term and foresight). To facilitate the
analysis of the results, groups were set up to dis-
cuss the different results of the surveys conducted
with training centres, industry workers, companies,
recruitment agencies and research centres. SAM
partners were divided into groups in line with their
expertise and gender balance. For example, one
group discussed the training centre survey, another
analysed the AM workforce survey and remaining
groups discussed the company survey results etc.

A representative shared the conclusions of the
working groups with the whole group at the end of
the meetings.

2.3 Data Validation

Validation workshops were conducted with exter-
nal experts in the field to thoroughly validate the
data analysis. The Industrial Council Experts group
has participated in the validation workshops and
discussed the AM skills needs, future qualifica-
tions, and trends considered priorities to support
the growth of the sector.

3. Findings: AM Trends and Skills
Shortages

Figure 2 illustrates the changes by years in techno-
logical, digital, and green skills based on the data
collected from real case scenarios, and short-term
scenarios.

Based on the foresight evaluation, the anticipated
developments and technological trends in AM over
the next 10 years include the integration of AM into
series production, the availability of more public
standards across various areas (design, feedstock,
processes, personnel, machines etc.), the intro-
duction of new materials, cost reduction, and the
widespread availability of reliable simulation tools
for most AM technologies.

The major implications of such developments/
trends on the AM labour market include the need
for more digital experts (such as data managers,
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TOP 3 SKILLS

Entrepreneurial Digital Technological

Green

Green awareness (13,4%)

(30,4%)

(44,3%)

Figura 2. Evolutia necesarului de competente in AM
Figure 2. Evolution of Skills Needs in AM

de date, experti de nisa pentru procese si algoritmi
etc.) si cerinta de a recalifica personalul din procesele
,conventionale” pentru a se adapta la Tehnologia AM.

4. Discutie

Pe baza constatarilor, expertii AM apartinand Con-
siliului Industrial au confirmat ca competentele
digitale ar trebui abordate in Calificarile AM. Unii
experti au sugerat crearea unei noi calificari, cum ar
fi inginer digital AM, special adaptata cerintelor de
competente digitale ale companiei; si, de asemenea,
a propus ca aceste abilitati digitale sa fie incorporate
in diferite calificari existente, inclusiv calificari de
inginer AM, proiectant AM sau/si calificari de ope-
rator AM. In consecintd, s-a incercat evaluarea si
integrarea competentelor digitale folosind Metal
AM Engineer for Powder Bed Fusion (PBF) ca studiu
de caz. Mai multe detalii despre alinierea acestei
calificari in Cadrul european de competenta digitala
pentru cetdteni (DigCOMP) [14] sunt prezentate in
sectiunea urmatoare.

4.1 Abordarea necesarului de competente digitale
Pentru a alinia Cadrul Sistemului de Calificare AM
[15] cu DigComp [14], metodologia a corespuns cu
descriptorii generici ai rezultatelor invatarii si cu
nivelurile EQF. Punctul de plecare a fost Cadrul Sis-
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niche experts for processes and algorithms etc.) and
the requirement to reskill individuals from "conven-
tional" processes to adapt to AM technology.

4. Discussion

Based on the findings, AM experts belonging to
the Industrial Council confirmed that digital skills
should be addressed in the AM Qualifications.
Some experts suggested the creation of a new
qualification, such as an AM Digital Engineer, spe-
cifically tailored for company's digital skills require-
ments; and also proposed that these digital skills
could be incorporated into various existing quali-
fications, including AM Engineer, AM Designer or /
and AM Operator Qualifications. Consequently, an
attempt was made to assess and integrate digital
skills using the Metal AM Engineer for Powder Bed
Fusion (PBF) as case study. More details about the
alignment of this qualification with the European
Digital Competence for Citizens Framework (Dig-
COMP) [14] is presented in the following section.

4.1 Tackling Digital Skills Needs

To align the AM Qualification System Framework
[15] with DigComp [14], the methodology matched
the Learning Outcomes generic descriptors and the
EQF levels. The starting point was the AM Qualifi-
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temului de Calificari AM [15], care este o descriere
generica a calificarilor pentru domeniile AM. Acest
cadru sectorial contine sase niveluri de competenta
asociate fiecarui nivel de calificare (de baza, elemen-
tar, independent, specializat, avansat si expert) si un
descriptor general definit in termeni de cunostinte,
abilitati, autonomie si responsabilitate.

O abordare metodologica a fost utilizata pentru a
produce alinierea cadrului pentru Metal AM Process
Engineer pentru PBF-LB. S-a solicitat sprijinul partilor
interesate din Consiliul Industrial pentru clasificarea
relevantei ariilor de competentad din DigComp [14].
Diferitii pasi sunt prezentati in tabelul 1.

cations System Framework [15], which is a generic
description of qualifications for the AM fields. This
sectoral framework contains six levels of proficien-
cy associated to each qualification level (Basic, El-
ementary, Independent, Specialized, Advanced and
Expert) and a general descriptor defined in terms
of knowledge, skills, autonomy, and responsibility.

A methodological approach was utilized to produce
the alignment of the framework for the Metal AM Pro-
cess Engineer for PBF-LB. The support of stakeholders
from the Industrial council was requested to classify
the relevance of competence areas from DigComp
[14]. The different steps are presented in table 1.

Tabelul 1. Pasii de urmat in aceastd abordare metodologica [12]
Table 1. Different steps of the methodological approach followed [12]

Pasul /Step 1 Prezentati Consiliului Industrial contextul alinierii, cadrul DigComp [12] si profilul profesional si calificarea
selectate.
Present the context of the alignment, the DigComp [12] framework and the selected Professional Profile and
Qualification to the Industrial Council.

Pasul /Step 2 Pentru Profilul si Calificarea Profesionald selectate, se solicitd Consiliului Industrial sa clasifice domeniile de

competenta din DigComp [12] ca relevante sau nerelevante dupa ce le-a aratat abilitdtile care sunt incluse in
fiecare domeniu de competenta.

For the selected Professional Profile and Qualification, ask the Industrial Council to classify the competence
areas from DigComp [12] as relevant or not relevant after showing them the skills that are included in each
competence area.

Pasul/Step 3

Pentru competentele care au fost clasificate ca relevante, se solicitd Consiliului Industrial sa clasifice nivelul
de competent al fiecirei competente necesare, care sunt de bazi, intermediar, avansat si inalt specializat. In
acest moment, aptitudinile care se dovedesc a nu fi atat de relevante pentru profil pot fi excluse.

For the competences that were classified as relevant, ask the Industrial Council to classify the proficiency
level of each required skill which are Foundation, Intermediate, Advanced and Highly Specialized. At this
point, skills that are found to be not so relevant for the profile can be excluded.

Pasul/Step 4

Consiliul de Calificare prin grupurile de lucru analizeaza rezultatele clasificarii obtinute si propune un nivel de
competentd pentru fiecare abilitate, sustindndu-I cu o justificare si subliniind cuvintele cheie daci este util. n
acest moment, abilitatile care nu sunt atat de relevante pentru profil pot fi excluse. Analiza Profilului
Profesional se va face pe baza nivelului asteptat de cunostinte si aptitudini pentru acel profil, si nu pe baza
continutului actual al calificarii.

The Qualification Council through the working groups, analyse the classification results obtained and propose
a proficiency level for each skill, supporting it with a justification and underlining keywords if useful. At this
point, skills that are found not so relevant to the profile can be excluded. The analysis of the Professional
Profile shall be made based on the expected level of knowledge and skills for that profile, and not based on
the current content of the qualification.

Pasul/Step 5

Se valideaza nivelul de competenta propus pentru fiecare abilitate cu Consiliul Industrial (in timpul procesului
de validare, nivelurile de competenta sunt discutate si convenite, pe baza experientei partilor interesate si a
explicatiilor justificative furnizate in propunerea depusa spre validare).

Validate the proficiency level proposed for each skill with the industrial council (during the validation process,
the proficiency levels are discussed and agreed, based on the stakeholder’s experience and the supporting
explanations provided in the proposal submitted for validation).

Pasul/Step 6

Cu nivelurile de competenta a competentelor definite si ludnd in considerare descrierea PP, se compara
descriptorii nivelului de competenta cu rezultatele invatarii specifice calificarii.

With the skills proficiency levels defined and considering the PP description, compare the competence level
descriptors with the learning outcomes of the qualification.

Pasul/Step 7

Pentru acele abilitati care nu sunt acoperite de calificare, sau care nu sunt acoperite la nivelul de competenta
dorit, grupurile de lucru alocate ale Consiliului Calificarii vor actualiza calificarea, fie prin addugarea de noi
rezultate ale invatarii; fie prin ajustarea rezultatelor invatarii existente; fie prin crearea de unititi de
competentd suplimentare, fortand o abordare a invatarii care va integra dezvoltarea acelor competente
digitale.

For those skills that are not covered by the qualification, or not covered to the desired proficiency level, the
assigned working groups of the Qualification Council will update the qualification, either by adding new
learning outcomes; adjusting existing learning outcomes; creating additional competence units; forcing a
learning approach that will integrate the development of those digital skills.

Pasul/Step 8

Se trimite spre aprobare Consiliului de Calificare.
Submit for approval by the Qualification Council.
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In timpul implementérii acestei metodologii [12], a
fost efectuatd o analizd amanuntita intre alinierea
cadrului AM [15] definit in termeni de descriptori
la nivel EQF pentru cunostinte, abilitati, autonomie
si responsabilitate si alte cadre relevante, pentru
a confirma aplicabilitatea acestuia, nivelul de inte-
grare, valoare addugata in ceea ce priveste compati-
bilitatea si/sau atribuirea nivelului corespondent.
Tn aceastd etapd, acest proces de aliniere necesitd
implicarea unor experti educationali de Tnalta spe-
cializare, care sunt familiarizati cu cadrele si au deja
experienta utilizarii acestuia. Mai mult, este impor-
tant de subliniat faptul ca planul mentionat mai sus
are un domeniu general de aplicare si se adreseaza
cetdtenilor, n timp ce este nevoie de crearea de ca-
dre aliniate DigComp [14] pentru contextul specific
AM, cu exemple practice specifice AM pentru a fa-
cilita interpretarea si identificarea celui mai adecvat
nivel de competentd asociat unui Profil Profesional.

5. Foaia de parcurs a strategiei de

competente

Lucrand la identificarea transformarilor cheie [17]
care pot influenta direct (si indirect) sectorul si
competentele de fabricatie aditivd, SAM a fost capa-
bil sd propuna solutii concrete, strategii si activitati
fezabile care pot permite sectorului sa se adapteze
si sa reduca potentialul impact negativ, contribuind
astfel la cresterea domeniului AM european.

Foaia de parcurs pentru strategia de competente
[11] ofera indrumarea generald pentru implemen-
tarea strategiei dezvoltate, care subliniaza modul
de abordare a nevoilor si provocarilor sectorului in
evolutie pentru dezvoltarea competentelor de AM.
Aceasta foaie de parcurs a fost actualizata Tn diferite
perioade (si anume, 2020 si 2023) pentru a reflecta
caracteristicile dinamice ale sectorului si cresterea
vitezei in care tehnologiile AM evolueaza. Pentru a
transmite in mod eficient interactiunea dintre Gap
Drivers identificati, obiectivele lor strategice echiva-
lente si activitatile relevante, foaia de parcurs a fost
structurata in felul urmator:

e Provocari in fabricatia aditiva (Gap Drivers)
care au rezultat din consultarea continua cu
profesionistii din sector si reprezentantii indus-
triei ilustrdnd obstacolele principale Tn calea
dezvoltarii sectorului european de AM.

e Obiective strategice care reprezinta o abordare
la nivel macro al unei provocari specifice. Obiec-
tivele au fost definite ca declaratii de scop, care
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During the implementation of this methodology
[12], a thorough analysis was made between the
alignment of the AM framework [15] defined in
terms of EQF level descriptors for knowledge, skills,
autonomy and responsibility and other relevant
frameworks, to confirm its applicability, integration
level, added value in terms of compatibility and/
or correspondent level assignment. At this stage,
this alignment process requires the involvement of
highly specialized educational experts that are famil-
iar with the frameworks and have already the expe-
rience of its utilization. Moreover, it is important to
underline that the above-mentioned framework has
a general scope and address citizens, while there is a
need for creating DigComp [14] aligned frameworks
for the specific AM context, with specific AM prac-
tical examples to facilitate the interpretation and
identification of the most adequate proficiency level
associated to a Professional Profile.

5. Skills Strategy Roadmap

By working towards identifying key transforma-
tions [17] that can direct (and indirectly) impact
the Additive Manufacturing sector and skills, SAM
has been able to put forward concrete solutions,
strategies and feasible activities that can allow the
sector to adapt and reduce the potential negative
impact, thereby contributing to the growth of the
European AM field.

The Skills Strategy Roadmap [11] provides the over-
all guidance for implementing the strategy devel-
oped, which is outlining how to address the evolv-
ing sector needs and challenges towards AM skills
development.

This roadmap has been updated in different peri-
ods (namely, 2020 and 2023) to reflect the dynam-
ic features of the sector and increasing speed in
which AM technologies are evolving.

To effectively convey the interaction between the
identified Gap Drivers, their equivalent strategic
objectives and relevant activities, the have road-
map was structured in the following way:

e Challenges in Additive Manufacturing (Gap
Drivers), which have resulted from the con-
tinuous consultation with sector professionals
and industry representatives, as illustrating the
foremost obstacles to the development of the
European AM sector.

e Strategic objectives, which represent a macro-
level approach to a specific challenge. Objec-
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intemeiaza viziunea generala a foii de parcurs pentru
competente sectoriale si pasi masurabili pentru a
depasi provocarile cu care se confrunta sectorul AM.

e Actiuni, solutii concrete si fezabile care abordeaza
fiecare decalaj. Pentru ca strategia sa reuseasca,
au fost luate In considerare actiuni specifice de
sprijin Tmpreund cu activitdti care contribuie la
maximizarea succesului strategiei.

e Impactul reprezinta gradul de succes la contraca-
rarea cu succes a fiecarui factor de decala;j.

e Recomandari formulate ca propuneri, bune prac-
tici si actiuni de orientare pentru implementarea
ulterioara de catre diferitele grupuri tinta, pen-
tru a lua cel mai bun curs de actiuni.

e Grupurile tinta corespund celor patru grupu-
ri principale de parti interesate (de exemplu,
educatie, industrie, cetateni/lucratori ai UE,
legiuitori si factori de decizie politica) responsa-
bile pentru contributia directd sau indirecta si/
sau pentru a beneficia de recomandari.

Foaia de parcurs se bazeaza pe sapte obiective stra-
tegice definite pentru a face fata principalilor factori
de decalaj legati de dezvoltarea competentelor AM,
care sunt prezentate Tn acest studiu si anume:

e Nepotrivire intre nevoile industriei si ofertele
educationale/de formare

e Concurenta pentru lucrdtori calificati in AM
si lipsa de cunostinte despre AM din partea
lucrdtorilor/studentilor existenti

e Tehnologie si industrie cu evolutie rapida.

La consolidarea colaborarii dintre industrie si
organizatiile de formare, SAM a recomandat ca dife-
ritele grupuri tinta sa urmeze trei recomandari (ta-
belul 2):

tives were defined as purpose statements,
grounding the overall sector skills roadmap
vision and measurable steps to overcome the
challenges faced by the AM sector.

e Actions, concrete and feasible solutions ad-
dressing each gap. For the strategy to succeed,
specific Supporting Actions were considered to-
gether with support activities helping to maxi-
mize the success of the strategy.

e Impact represents the degree of success at
countering each gap driver successfully.

e Recommendations formulated as proposals,
best practices, and guidance actions for further
implementation by the different target groups,
to take the best course of actions.

* Target groups, correspond to four main groups
of stakeholders (e.g., Education, Industry, EU
citizens/workers, legislators and policy makers)
responsible for directly or indirectly contribut-
ing and/or benefiting to the recommendations.

The roadmap is grounded in seven strategic objec-
tives defined to face up the main gap drivers re-
lated to the development of AM skills, which are
presented in this study namely:

e Mismatch between industry needs and educa-

tional/training offers

e Competition for skilled AM workers and lack of
knowledge of AM from existing workers/stu-
dents

e Fast evolving technology and industry

To strengthen the collaboration between industry
and training organizations, SAM recommended that
the different target groups follow three recommen-
dations (table 2):

Tabelul 2. Recomandari si actiuni legate de factorul decalajului 1
Table 2. Recommendation and actions related to gap driver 1

RECOMANDARE
RECOMMENDATION

GRUP TINTA
TARGET GROUP

Se va imbunatati alinierea
nevoilor industriei cu ofertele
de formare
Enhance the alignment
between the industry needs
and training offers

o0

e Prin continuarea implementarii metodologiei de prognoza
pentru sectorul AM
By continuing the implementation of the forecast
methodology for the AM sector

e Prin mobilizarea angajamentului organizatiilor industriale in
identificarea competentelor si validarea programelor de
formare, prin Consiliile industriale ale Observatorului AM
By mobilizing the engagement of industrial organisations in
the identification of skills and validation of training
programmes, through the AM Observatory Industrial Councils

EXEMPLE DE ACTIUNI VIITOARE
EXAMPLES OF FUTURE ACTIONS

Se va utiliza Observatorul
European AM pentru a

B0

competente AM pentru

e Prin implicarea unor scenarii de previziune cu organizatiile

actualiza foaia de parcurs |ndl:15tr|a|e . . . . .
T e By implementing foresight scenarios auscultation with
industrial experts
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Tabelul 2. Recomandari si actiuni legate de factorul decalajului 1
Table 2. Recommendation and actions related to gap driver 1

RECOMANDARE GRUP TINTA EXEMPLE DE ACTIUNI VIITOARE
RECOMMENDATION TARGET GROUP EXAMPLES OF FUTURE ACTIONS

2030 -2040

o Prin utilizarea literaturii de specialitate ca instrument si
Use the European AM

metoda de previziune

Observatory to update the By addressing the literature review as a method for forecast
joint AM Skills Strategy

Roadmap for 2030 -2040 ® Prin promovarea atelierelor de previzionare organizate

impreuna cu industria
By promoting forecast workshops with industrial
organisations

e Prin actualizarea datelor Observatorului privind nevoile de

competente
By updating the Observatory data on Skills needs

e Prin identificarea standardelor relevante care au impact
Asigurarea legaturii dintre asupra instruirii AM
activitatile de formare si @ By identifying the relevant standards impacting the AM
standardizare (CEN, I1SO training
Ensure the link between (E
training and standardization o

e Prin lucrul si aprobarea la elaborarea standardelor de
calificare a personalului AM

activities (CEN, 1SO) By working and approving on the development of standards

for the Qualification of AM personnel

Laabordarea lipseide personal AM la nivel european, To tackle the lack of AM Personnel at European level, it
se recomanda cresterea numarului de personal in- is recommended to increase the number of AM trained
struit AM prin actiuni de recalificare si perfectionare. personnel through re-skilling and upskilling actions.

Tabelul 3. Recomandari si actiuni legate de decalajul 2
Table 3. Recommendation and actions related to gap driver 2

RECOMANDARE GRUP TINTA EXEMPLE DE ACTIUNI VIITOARE

RECOMMENDATION TARGET GROUP EXAMPLES OF FUTURE ACTIONS

e  Prin continuarea cresterii retelei de AM ANB-uri/ATB-uri

By continuing to increase the network of AM ANBs/ATBs
e  Prin extinderea ofertelor de formare AM ATB
By expanding AM ATBs training offers

Continuarea
implementarii Sistemului
international de calificare

AM (IAMQS) e Continudnd dezvoltarea/actualizarea calificirilor AM bazate pe o
Continue the @ abordare modulara
implementation of the By continuing to develop/update AM qualifications based on a
International AM modular approach
Qualification System e  Prin afisarea catalogului de formare AM in Observatorul
(IAMQS) European AM

By displaying the AM training catalogue in the European AM
Observatory

e  Prin asigurarea accesului la educatia si formarea profesionala
relevantd, la invatamantul superior si la recunoasterea invatarii

Asigurati calificarea anterloarje. , . -
o B)./ ensuring ac.cess to refevan.r‘vocat:orfaf educqt:on and training,
diferite c3i de formare @ higher education and recognition of prior learning.
Ensure the qualification of e Prin promovarea céilor de perfectionare si recalificare
AM personnel through By promoting up-skilling and reskilling pathways
different training
pathways e  Prin promovarea abordarii invatarii pe tot parcursul vietii a

dezvoltarii competentelor AM
By promoting lifelong learning approach to AM skills
development
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Tabelul 3. Recomandari si actiuni legate de decalajul 2
Table 3. Recommendation and actions related to gap driver 2

RECOMANDARE
RECOMMENDATION

EXEMPLE DE ACTIUNI VIITOARE
EXAMPLES OF FUTURE ACTIONS

GRUP TINTA

TARGET GROUP

Promovarea dezvoltarii
conturilor individuale de
invatare
Promote the development
of individual learning
accounts

e Prin stabilirea de protocoale de cooperare reciproca intre AM

ATB si furnizorii de formare pentru a oferi o cale de calificare
completd (MoU- Anexa 1)

By establishing mutual cooperation protocols between AM ATBs
& training providers to deliver a full qualification path (MoU-

Annex 1)

e Prin acordarea de micro-acreditari (de exemplu, Record of

Achievement) pentru fiecare unitate de rezultate ale invatarii
finalizata

By awarding micro-credentials (e.g. Record of Achievement) for
each completed unit of learning outcomes

Consolidarea
implementarii
mecanismelor de angajare
in sectorul AM
Strengthen the
implementation of
employability
mechanisms in the AM
sector

e  Prin continuarea activitatii Studentilor, Stagiarilor si Cautatorilor

de locuri de munca LINKEDIN in grupul AM
By continuing the activity of the LINKEDIN Students, Trainees and
Job seekers in AM group

e  Prin partajarea ofertelor de recrutare AM in Observatorul

European AM

e By sharing AM recruitment offers in the European AM

Observatory

Se utilizeaza IAMQS ca un
cadru pentru recrutarea

e Prin informarea departamentelor de HR si agentiilor de recrutare

despre diferitele niveluri de specializare si ocupatii in AM

profesionistilor AM By By informing HR departments and recruitment agencies about the
Use IAMQS as a p different levels of specialization and occupations in AM
framework for ey e Prin integrarea descrierii IAMQS in anunturile de angajare
AM professionals By integrating IAMQS description in job adverts
Se [;aer:ia':t::;::!poer't:::tatl e e Prin furnizarea de informatii despre finantare/programe privind
. Eee) Observatorul European AM

cursanti
Share funding
opportunities for learners

By providing funding /programs information on the European AM
Observatory

The recommendations presented for different tar-
get groups are (table 3):

To stay on track with developments, the workforce
must be constantly alert as to what new develop-

Recomandarile prezentate pentru diferite grupuri
tinta sunt (tabelul 3):
Pentru a fi pe calea evolutiilor, forta de munca
trebuie sa fie In permanenta informata cu privire la
Tabelul 4. Recomandari si actiuni legate de factorul decalajului 5
Table 4. Recommendation and actions related to gap driver 5

EXEMPLE DE ACTIUNI VIITOARE
EXAMPLES OF FUTURE ACTIONS

RECOMANDARE GRUP TINTA

TARGET GROUP

RECOMMENDATION

e Prin identificarea noilor tendinte tehnologice AM

Continuati sa By identifying new AM technological trends

monitorizati tendintele
tehnologice AM

Continue monitoring the

AM technological trends

@ e Prin continuarea implementarii previziunii si anticiparii
[ competentelor in AM

By continuing the implementation of the forecast and skills
anticipation in AM

Aplicati metodologia
SAM pentru revizuirea si
crearea Profilurilor
profesionale,

e Prin identificarea originii decalajelor de competente
By identifying the skills gaps origin

T e Facand o analiza comparativa bazata pe asemanari si diferente cu

7
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Tabelul 4. Recomandari si actiuni legate de factorul decalajului 5
Table 4. Recommendation and actions related to gap driver 5

RECOMANDARE GRUP TINTA

TARGET GROUP

RECOMMENDATION

EXEMPLE DE ACTIUNI VIITOARE
EXAMPLES OF FUTURE ACTIONS

calificarilor si unitatilor
de competenta AM
Apply the SAM
methodology for .
revising and creating

AM Professional

Profiles, Qualifications

and Competence Units

profilurile/calificarile/UC-urile profesionale existente
By making a comparative analysis based on similarities and
differences with existing Professional profiles /qualifications /CUs

Desfasurarea de sesiuni de lucru cu experti care revizuiesc profilurile
si calificarile profesionale AM

Conducting working sessions with experts reviewing AM Professional
Profiles and Qualifications

e Prin dezvoltarea de noi calificari si/sau unitati de rezultate ale
invatarii bazate pe evolutiile tehnologice AM
By developing new qualifications and/or units of learning outcomes
based on AM technological developments

Promovati dezvoltarea
profesionala continua a
fortei de munca din AM

din Europa
Promote the continuous
professional
development of the AM
European workforce

care vizeazad forta de munca AM actuala si viitoare
By implementing courses, workshops and other educational

B e Prin implementarea de cursuri, ateliere si alte initiative educationale
g initiatives targeting current and future AM workforce

Utilizati cele 3 scenarii
de prognoza pentru
identificarea si
anticiparea nevoilor de

competente in
fabricarea avansata
Use the 3 forecast

scenarios for identifying
& anticipating skills
needs in Advanced
Manufacturing

e Evaluarea nevoilor de competente pentru cazuri reale (mai putin de
1 an), pe termen scurt (mai putin de 3 ani) si scenarii de previziune
(obligatoriu in 10 ani)

Assessing skills needs for real case (less than 1 year), short term (less
than 3 years) and foresight scenarios (required in 10 years)

noile dezvoltari disponibile pe piata.

Pentru a actualiza constant forta de muncd AM
europeanad, se recomanda ca diferitele grupuri tintd
sa urmeze trei recomandari (tabelul 4):

Activitatea emblematica a foii de parcurs a strate-
giei de competente este implementarea Sistemului
International de Calificare AM (IAMQS) [13] printr-o
retea de furnizori de formare, sustinuta de o cone-
xiune puternica intre o gama larga de sectoare in-
dustriale, care aplica deja AM in cadrul activitatii sau
cauta sd o faca.

Observatorul European AM joaca un rol-cheie in
cadrul strategiei privind competentele, ca platforma
comuna pentru aface legaturaintre educatie siindus-
trie. Este organismul responsabil cu implementarea
metodologiei de prognoza, precum si cu gestionarea
implementarii IAMQS [13] la nivel transnational,
national si regional, cu sprijinul expertilor in AM si
al partilor interesate apartinand educatiei, indus-
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ments are available on the market.

To constantly update the AM European workforce,
it is recommended that the different target groups
follow three recommendations (table 4):

The flagship activity of the Skills Strategy Roadmap is
the deployment of the International AM Qualification
System (IAMQS) [13] through a network of training
providers, sustained by a strong connection between
a wide range of industrial sectors, which are already
applying AM in their activity or seek to do it.

The European AM Observatory plays a key role
within the skills strategy, as a common platform for
bridging education and industry. It is the body re-
sponsible for implementing the forecast methodol-
ogy, as well as managing the IAMQS [13] implemen-
tation at transnational, national and regional levels
with the support of experts in AM and stakeholders
belonging to education, industry, civil society and
government in Europe. To perform this manage-
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triei, societatii civile si guvernului din Europa. Pen-
tru realizarea acestui management a fost stabilitd o
structura si un modus operandi specific, precum si
mecanisme care sa asigure implementarea actiunilor
de imbunatatire continua a acestuia.

in general, structura observatorului este compusa
din doua consilii: unul pentru Calificare (Internation-
al AM Qualification Council — IAMQC) si unul pentru
Industrie (International AM Industry Council — IAM-
IC). Consiliul Calificarii are responsabilitatea de a de-
cide cu privire la revizuirea Calificarii AM si numirea
grupurilor de lucru pentru educatie, definind reguli-
le si procedurile pentru promovarea implementarii
corecte a calificdrilor si formarii respective la nivel
european. Pe de alta parte, consiliul industrial are
responsabilitatea de a identifica noi cerinte indus-
triale In materie de formare, educatie, calificare si
certificare pe baza datelor de piata si de a stabili
prioritati pentru dezvoltarea de noi produse con-
form scenariilor din calendarele metodologice. Ac-
tivitatea Observatorului este un model de incurajare
a colaborarii stranse intre companii, organismele
de standardizare si furnizorii de formare in diferite
etape pentru a colecta intrari din diferite surse si a
asigura calitatea si transparenta.

6. Concluzie

Abordarea prezentatd in acest studiu are valoarea
adaugata de a conecta educatia cu industria, car-
tografierea inovatiilor tehnologice si a cererii de
competente necesare, prin furnizarea unui sis-
tem de calificare eficient, sustinut de standarde de
asigurare a calitatii si aliniat la cerintele industri-
ale. Trei exemple concrete de inovare sunt legate
de observatorul AM, implementarea unui cadru de
competente complet nou pentru comunitatea AM
la nivel international recunoscut de industrie si prin-
tr-o cooperare comuna a organizatiilor de formare
apartinand Educatiei si Formarii Profesionale (VET),
Tnvatadmantului Superior. (HE) si Centrele de Cer-
cetare si Dezvoltare (RTO).

O furnizare reusitd a instruirii AM a fost asigurata
prin implementarea IAMQS [13] printr-o retea
consolidata de centre de formare care respecta Sis-
temul de Asigurare a Calitatii EWF [13]. Procesul
de implementare a urmat o abordare de sus in jos,
adica a fost definit un curriculum transnational pen-
tru AM, abordat prin ghiduri de formare armonizate,
iar apoi preluat la nivel national de fiecare centru de
formare, sub supravegherea organizatiei reprezenta-

ment, a specific structure and modus operandi was
established, as well as mechanisms to ensure the
implementation of continuous improvement ac-
tions to it.

Overall, the structure of the observatory is com-
posed of two councils: one for Qualification (In-
ternational AM Qualification Council — IAMQC) and
one for Industry (International AM Industry Council
—IAMIC). The Qualification Council has the respon-
sibility of deciding on the revision of the AM Quali-
fication and nomination of the working groups for
education, defining the rules and procedures to pro-
mote the correct implementation of the respective
qualifications and training at European level. By oth-
er hand, the industrial council has the responsibility
of identifying new industrial requirements in terms
of training, education, qualification and certification
based on market data, and establishing priorities for
the development of new products according to the
scenarios from the methodology timeframes.

The activity of the Observatory is a model to encour-
age the close collaboration between standardization
bodies, companies and training providers at differ-
ent stages in order to collect inputs from different
sources and ensuring quality and transparency.

6. Conclusion

The approach presented in this study has the add-
ed value of connecting education with the industry,
mapping technological innovations and necessary
skills demand, by delivering an effective qualifica-
tion system, underpinned by quality assurance
standards and aligned with industrial require-
ments. Three concrete innovation examples are re-
lated to the AM observatory, the implementation
of a completely new skills framework for the AM
community at international level recognised by in-
dustry, and through a joint cooperation of training
organisations belonging to Vocational Education
and Training (VET), Higher Education (HE) and Re-
search and Development Centres (RTOs).

A successful delivery of AM training was ensured
by the implementation of the IAMQS [13] through
a consolidated network of training centres comply-
ing with the EWF Quality Assurance System [13].
The implementation process followed a top-down
approach, meaning a transnational curriculum for
AM was defined, addressed by harmonised training
guidelines, and then up taken at the national level
by each training centre, under supervision of the
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tive in domeniul AM. Un bun exemplu de cooperare
a fost atins intre institutiile de Tnvatamant superior
si cele de educare si formare profesionala care, prin
intermediul unui acord de cooperare reciprocd, au
organizat primul curs european pentru coordona-
torii AM pentru metale, mobilizandu-si expertiza si
resursele pentru a califica primul grup de coordona-
tori AM pentru industrie, in urma caruia au fost acordate
38 de diplome. n total, 930 de persoane au fost impli-
cate si au beneficiat de cursuri de formare SAM /IAMQS.
Strategia de competente AM prezentata a reali-
zat progrese substantiale Tn stabilirea unei baze
solide pentru colaborarea durabild in dezvoltarea
competentelor in sectorul AM, punand astfel bazele
pentru mentinerea sa continua. Aceste conexiuni
bine stabilite intre partile interesate initiate Tn SAM
[9] vor servi ca un cadru durabil pentru cooperarea
continua, asigurand fluxul fara fintreruperi de
expertiza, bune practici si resurse cu mult dincolo de
incheierea oficiala a proiectului. Angajamentul pro-
activ cu asociatiile industriale relevante, institutiile
de invatamant si organisme guvernamentale pe
parcursul ciclului de viata al proiectului a creat cai
promitatoare pentru dezvoltarea parteneriatelor
care se extind cu mult dincolo de cronologia initiala.
Tn special, observatorul european AM si/sau imple-
mentarea pe scara larga a IAMQS reprezinta realizari
deosebit de puternice, pozitionate pentru a con-
duce o transformare sustinuta si pozitiva in indus-
trie. Aceste activitati vor fi urmarite Tndeaproape
de Platforma AM([16], pentru a informa si implica
membrii sdi, precum si pentru a-si actualiza foaia de
parcurs pentru implementarea industriala completa
a AM in ceea ce priveste eventualele lacune ce vor fi
identificate. Studiul prezentat poate fi transferat cu
usurinta catre tehnologiile urmatoare intr-un stadiu
de dezvoltare care necesita un set de abilitati noi sau
actualizat ale viitorilor lor lucratori.
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Castolin | Futectic®
Futectic | Castolin
-4

Securitatea operatorilor si a mediului in prim-plan: noile solutii

sustenabile de sudare si acoperire de la Castolin Eutectic

MManagementul eficient al uzarii si protectia echipamentelor sunt vitale pentru buna functionare a pro-
ceselor industriale, dar s3ndtatea si siguranta operatorilor au prioritate. in acest context dinamic, echipa
de cercetare- dezvoltare (R&D) de la Castolin Eutectic se dedica constant inovarii in solutiile de acoperire si
sudare axate pe protectia operatorilor si a mediului inconjurator.

EnDOtec SafeHard 700: Sarma pentru sudare fara Cr si Ni

Tn 2024, Castolin Eutectic a extins portofoliul de produse fird crom si nichel, lansdnd sarma pentru su-
dare EnDOtec SafeHard 700. Acest aliaj inovator, care plaseaza siguranta operatorului si protectia mediului
ca prioritate absolutd, se remarca prin emisiile minimale de fum si amprenta redusd de CO,. Expunerea
prelungitad la fumul emis in procesele de sudare poate cauza multe boli profesionale, precum ,,plamanul su-
dorului” (o afectiune cauzata de depunerile de metal in plamani) sau astmul profesional. Gama de sarme de
sudare SafeHard 700 respecta cele mai stricte norme europene in ceea ce priveste expunerea profesionala
la fumul emis in procesele de sudare si nu prezinta deloc vapori de crom hexavalent (Cr VI), asemenea alia-
jelor traditionale. Cromul hexavalent din fumul emis la sudare (un amestec de nano- si microparticule solide
si gaze care contin crom in starea de oxidare +6) este un compus toxic si periculos pentru sandtatea umana,
fiind asociat cu cancerul pulmonar atunci cand este inhalat. Chiar daca riscul de vapori de Cr VI este zero
pentru noul SafeHard 700, Castolin Eutectic recomanda folosirea echipamentului de protectie individuala si
a aparatelor de extractie de fum n ateliere.

HV10 Incercare de duritate la temperaturi elevate
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Figura 1. Caracteristica de duritate a metalului depus cu materialul de adaos EnDOtec SafeHard 700

Cu o rezistentd exceptionala la impact si abraziune, metalul depus cu sarma EnDOtec SafeHard 700 Tsi
pastreaza caracteristicile mecanice chiar si la temperaturi extreme, asigurand protectie si fiabilitate in ex-
ploatare (57 HRC la 600°C si 41 HRC la 700°C). Performantele superioare ale acestor sarme, la sudarea in
orice pozitie, inclusiv cea vertical-ascendenta, le recomanda pentru o gama variatd de aplicatii industri-
ale. De la mine si cariere pana la constructii civile si eliminarea deseurilor, EnDOtec SafeHard 700 asigura
protectie si durabilitate in cele mai exigente medii industriale.
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Figura 2. Echipamente de foraj reconditionat prin sudare cu EnDOtec SafeHard 700

EnDOtec 611X: Eficienta si fiabilitate Premium in procesele de sudare

EnDOtec 611X este un alt produs de referinta fabricat de Castolin Eutectic care elimina Cromul din
compozitie, adaptat pentru procesele automatizate si robotizate de sudare. Aceasta sarmad oferd o rezistenta
exceptionald la uzarea prin abraziune si coroziune, ideald pentru aplicatii de intretinere si reparatii in di-
verse domenii industriale precum petrochimia, industria auto sau industria siderurgica. Acest aliaj Premium
permite utilizarea unor puteri de topire mai mari, rate de depunere mai ridicate si, in consecinta, o sudura
de calitate care mentine caracteristicile ridicate ale materialului sarmei si la nivelul metalului depus. Potrivit
pentru o gama larga de aplicatii de acoperire, EnDOtec 611X poate fi folosit pentru incarcarea de protectie
a capetelor active ale utilajelor de excavat, mixerelor de asfalt, ventilatoarelor, stabilizatoarelor din industria
petroliera sau suruburilor.

Gama de pulberi SafeCoat: Solutii ecologice pentru acoperiri industriale
Produsele din gama SafeCoat reprezintd o altd etapa
importanta Tn evolutia materialelor de acoperire. Elabo-
rate special pentru a oferi solutii ecologice si sigure,
aceste pulberi elimina din compozitie substante riscante
precum nichelul, care pot produce iritatii sau probleme
respiratorii. Nichelul este clasificat de cdtre Agentia
Internationald pentru Cercetare in Domeniul Cancerului
(IARC) drept un carcinogen incadrabil in grupa 1 de risc
oncologic, ceea ce Tnseamna ca exista dovezi suficiente
ca expunerea la nichel este cancerigena pentru oameni,
prezentand un risc crescut de cancer pulmonar si nazal.
Gama de pulberi SafeCoat, pe baza de Fe, a fost dezvoltata
special pentru a proteja operatorul si mediul Tnconjurator.
Ajunsin sursele de apad prin deversari industriale, scurgeri
de la mine si eroziuni ale solurilor contaminate, nichelul
poate fi toxic pentru organismele acvatice, afectand pestii,
molustele si alte vietati acvatice. Nivelul de toxicitate de-
pinde de forma chimica a nichelului si de concentratia
acestuia intr-o compozitie chimica. Preocupati de dez-
voltarea durabila, Castolin Eutectic promoveaza utilizarea
materialelor alternative si a practicilor industriale mai
putin poluante prin programe R&D de eliminare sau re-
ducere a utilizarii nichelului pe scard larga.

- Figura 3. Caracteristica de duritate a metalului
Tehnicile avansate de sudare, precum sudarea cu arc de depus cu materialul de adaos EnDOtec Safe-

plasma (PTA) si placarea cu laser, au facilitat introducerea Hard 700
pulberilor metalice pe bazd de fier in industrie. Aceste
tehnici se remarca prin utilizarea unor temperaturi de proces ridicate, care elimind necesitatea proprietatilor

43



SUDURA, XXXIV - 2/2024

de auto-fluxare ale pulberilor cu continut semnificativ de nichel. Eliminarea nichelului din compozitie aduce,
ca beneficiu auxiliar, costuri de fabricatie mai mici si stabilizarea preturilor la valori reduse, nichelul fiind un
metal scump care fluctueaza. Utilizate cu preponderenta pentru acoperiri care necesita rezistenta la tem-
peraturi ridicate si medii corozive, pulberile din gama SafeCoat pe baza de fier sunt ideale pentru utilizarea
in industria auto si constructii. Oferind o rezistenta Tmbunatatita Tmpotriva uzarii prin abraziune si presiu-
nii, aceste pulberi sunt ideale pentru repararea uneltelor din fontd, reconditionarea organelor de masini
si placarea marginilor uneltelor pentru matritare prin injectie. Depunerile din aceasta gama de aliaje au
duritate medie spre nalta, care variaza de la 40 HRC la 55 HRC. Acestea oferd o rezistenta medie spre inalta
impotriva uzarii prin abraziune si o buna tenacitate la temperaturi de pana la 450°C. Acoperirile realizate
cu EuTroloy 16039, 16045, 16050 sunt usor de prelucrat mecanic, pentru acoperirile din EuTroLoy 16056
trebuind insd sa fie utilizate unelte

confectionate din materiale cu duritati mai mari (>60 HRC). Datorita tenacitatii lor ridicate, aliajele din
aceasta gamad poseda o susceptibilitate redusa la fisurare si nu exista o limitd pentru numarul de treceri.
Din acest ultim punct de vedere, recomandarea este sa se utilizeze un numar de minim 3 straturi depuse,
asigurandu-se astfel controlarea nivelului dilutiei cu metalul de baza.

Aplicatii industriale si beneficii sustenabile

Produsele dezvoltate de Castolin Eutectic au un impact semnificativ in diverse sectoare industriale, con-
tribuind la extinderea duratei de viatd a echipamentelor si imbunadtatirea eficientei operationale. De la
minerit si constructii pana la gestionarea deseurilor, tehnologiile avansate de sudare si acoperire ofera
rezistentd si durabilitate, marcand un pas semnificativ in directia sustenabilitatii

industriei moderne. www.castolin.com
oo % o

ASOCIATIA INFORMEAZA

Personale

Asociatia de Sudura din Romania transmite felicitari membrilor cu ocazia implinirii varstei de:
65 ani: - Domnului Dumitru Gogu (Bucuresti)
- Domnului Florea Sandu (Pitesti)
- Domnului Ovidiu Vilceanu (Bucuresti)
60 ani: - Domnului lonel Ciupe (Arad)
- Domnului losif Drohobeczky (Cluj Napoca)
- Domnului Lucian Tudor Tonca (Bucuresti)
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Asociatia de Sudurd din Romania il felicita pe domnul ing. Dumitru Gogu, director general al societatii Weld-
cons SRL, cu ocazia implinirii varstei de 65 ani.

Domnul ing. Dumitru Gogu este de multi ani un membru activ al ASR fiind membru in Consiliul Director al ASR
si Presedinte al Sucursalei ASR Bucuresti.
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