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Rezumat

Lucrarea abordeazd un subiect care intersecteazd necesitatea de inovare prin dezvoltarea de noi procedee
de fabricatie cu necesitatea de a asigura o interactiune minimd cu mediul, precum si riscuri scazute privind
operarea cu procese de prelucrare a polimerilor. Este, asadar, studiat procedeul de imprimare 3D, un proce-
deu aflat in plind dezvoltare atdt pentru activitdti de prototipare cdt si pentru activitdti de productie, studiul
vizdnd emisiile poluante ale acestuia. Au fost efectuate determindri ale presiunii acustice pentru evaluarea
nivelului de zgomot. Valorile inregistrate s-au situat in jurul valorii de 44 dB, evidentiind astfel un risc minim
pentru utilizator. Un alt factor poluant evaluat a fost fumul emis in timpul procesului. Au fost efectuate
determindri ale intensitdtii de emisie de fum si evaludri ale concentratiei de monoxid de carbon si de dioxid de
carbon din componenta fumului. Valorile mdsurate ale intensitdtii de emisie au fost situate in jurul valorii de
0,13 mg/s, acestea fiind mult mai mici decdt cele specifice proceselor de sudare. Concentratiile de dioxid de
carbon si de monoxid de carbon au avut valoriin intervalul 410-520 ppm, fiind sensibil mai mici decét valorile
considerate a fi periculoase pentru sdndtatea utilizatorilor. Concluzia generald a fost aceea cd imprimarea
3D prin procedeul FFF este un procedeu relativ sigur pentru operatori si are o interactiune cu mediul minimd,
datoritd emisiilor poluante reduse.

Cuvinte cheie
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Abstract

The paper addresses a topic that intersects the need for innovation through the development of new manu-
facturing processes with the need to ensure minimal interaction with the environment, as well as low risks
regarding operation with polymer processing processes. It is therefore studied the 3D printing process, a
process in full development for both prototyping and production activities, the study looking at its polluting
emissions. Sound pressure measurements were performed to assess the noise level. The recorded values
were around 44 dB, thus highlighting a minimal risk for the user. Another pollutant factor assessed was the
fume emitted during the process. Determinations of the intensity of fume emission and evaluations of the
concentration of carbon monoxide and carbon dioxide in the composition of the fume were carried out. The
measured values of the emission intensity were located around 0.13 mg/s, which is much lower than those
specific to welding processes. The concentrations of carbon dioxide and carbon monoxide had values in the
range of 410-520 ppm, being significantly lower than the values considered dangerous for users' health. The
overall conclusion was that FFF 3D printing is a relatively safe process for operators and has minimal interac-
tion with the environment due to low pollutant emissions.

Keywords
Pollutant emissions, FFF printing process, acoustic pressure, intensity of fume emission, concentration of gases




SUDURA, XXXIV - 4/2024

1. Introducere

Procesele de fabricatie, indiferent de tipul, prin-
cipiul, echipamentul si materialele implicate sunt
producatoare, mai mult sau mai putin, de emisii
poluante [1]. Tipurile de poluanti sunt cam aceleasi
pentru fiecare dintre procesele implementate in
fabricatie, in prezent.

Emisiile de fum, emisiile de zgomot, emisiile de
vibratii, emisiile de radiatii, emisiile de caldura, emi-
siile de apa uzata sunt principalele tipuri de poluanti
identificati la iesirea din sistemele de fabricatie [2].
Familia proceselor de fabricatie aditiva este nou
introdusa in sistemele de fabricatie, iar Tn activitatile
de productie a echipamentelor de protectie a per-
sonalului medical in lupta cu virusul SARS-CoV2 si-au
demonstrat utilitatea de procese de mare viteza [3].
De asemenea, pe Statia Spatiala Internationald a
fost transportatd si montata o imprimanta 3D pen-
tru confectionarea diverselor componente necesare
in mod curent sau in mod exceptional [4]. Tn ambele
dintre cele doud cazuri situatia punerii in opera a
unui astfel de proces nu a permis si evaluarea emisiei
de poluanti, precum si proiectarea de sisteme care
sa Indeparteze poluantii.

Tn primul dintre cazurile mentionate, timpul extrem
de scurt a impus pornirea fabricatiei punandu-se in
paralel mai multe imprimante 3D, iar in cel de-al doi-
lea caz proiectarea statiei orbitale nu a tinut cont de
introducerea Tn interior a unui sistem de fabricatie
care produce poluanti.

in general, focalizarea cercet&torilor a fost pe dez-
voltarea procedeelor de fabricatie aditiva, in sensul
cresterii productivitatii acestora si Tn sensul cresterii
calitatii produselor imprimate 3D, si mai putin pe
aspectele relativ fine ale implicatiilor ce tin de im-
pactul asupra mediului si asupra organismului uman.
De ce? Pentru ca, din observatiile generale legate
de implementarea unor subsisteme de fabricatie
aditiva Tn sistemele mari de fabricatie, s-a constatat
ca nivelurile de poluare sunt sensibile mai mici decat
in cazurile procedeelor de fabricatie traditionale.
Dar aceasta poluare totusi existd si ea trebuie
evaluata si controlata.

2. Emisia de fum in procesele de

incarcare prin sudare si implicatiile ei

Fabricatia aditiva este, in ultima instanta, un proces
de incdrcare prin sudare [5]. Depunerile de polimer
sau de metal sub forma de straturi succesive pana la
crearea unor forme tinta este un proces de generare

1. Introduction

Manufacturing processes, regardless of the type,
principle, equipment and materials involved, pro-
duce, more or less, polluting emissions [1]. The
types of pollutants are about the same for each of
the processes implemented in manufacturing today.
Fume emissions, noise emissions, vibration emis-
sions, radiation emissions, heat emissions, waste
water emissions are the main types of pollutants
identified at the exit of manufacturing systems [2].
The family of additive manufacturing processes is
newly introduced in the manufacturing systems, and
in the production activities of the protective equip-
ment of the medical personnel in the fight against
the SARS-CoV?2 virus, they have demonstrated the
usefulness of high-speed processes [3].

Also, a 3D printer was transported and installed on
the International Space Station for the manufacture
of the various components required on a current or
exceptional basis [4]. In both of the two cases, the
situation of the implementation of such a process
did not allow the evaluation of the emission of pol-
lutants, as well as the design of systems to remove
the pollutants.

In the first of the mentioned cases, the extremely
short time required the start of manufacturing by
placing several 3D printers in parallel, and in the sec-
ond case, the design of the orbital station did not
take into account the introduction inside of a manu-
facturing system that produces pollutants. In gen-
eral, the focus of researchers has been on the de-
velopment of additive manufacturing processes, in
the sense of increasing their productivity and in the
sense of increasing the quality of 3D printed prod-
ucts, and less on the relatively fine aspects of the im-
plications related to the impact on the environment
and the human body. Why? Because, from general
observations related to the implementation of ad-
ditive manufacturing subsystems in large manufac-
turing systems, it was found that the pollution levels
are significantly lower than in the case of traditional
manufacturing processes. But this pollution still ex-
ists and must be controlled.

2. Fume emission in cladding by weld-

ing processes and its implications

Additive manufacturing is ultimately a welding load-
ing process [5]. Deposition of polymer or metal in
successive layers until target shapes are created is a
shape generation process by welding loading. Why
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de forme prin incdrcare prin sudare. De ce sudare?
Pentru ca legdtura dintre doua straturi succesive
este realizata prin sudare [5].

Asadar, o analiza a emisiilor de fum in procesele de
fabricatie aditiva ar trebui sa fie facutd cu metodele
utilizate In cazul proceselor de sudare, iar rezultatele
obtinute ar trebui analizate si ar putea chiar fi si com-
parate cu cele obtinute in cadrul proceselor de sudare.
Fumul emis in timpul derularii proceselor de im-
binare (fie prin sudare, fie prin lipire) este com-
pus din amestecuri de gaze si particule solide [7].
Componenta si concentratia fumului emis depinde
de tipul procedeului de imbinare utilizat si de mate-
rialele de baza si de adaos implicate. Similar ar trebui
sa se Intample si Tn cazul proceselor de imbinare din
cadrul fabricatiei aditive. De exemplu, pentru proce-
deul Fused Filament Fabrication (FFF)/Fabricare cu
Filament Topit [8,9], la care se utilizeaza de obicei
drept material de adaos un polimer de tipul acidu-
lui polilactic (PLA) sau de tipul acrilonitrilului buta-
dien stiren (ABS), fumul va avea o alta structura si
concentratie comparativ cu fumul emis la aplicarea
procedeului Selective Laser Melting (SLM)/Topire
Selectiva cu Laser n care un fascicul laser topeste
0 pulbere metalica. Este evident faptul cd in cazul
proceselor de fabricatie aditiva emisiile de fum ar
trebui sa fie mai scdzute decat in cazul procedeelor
de sudare traditionale, cu arc electric. Daca pentru
procesele de fabricatie aditiva nu exista thca dezvol-
tate reglementari, recomandari sau impuneri privind
emisia de fum, pentru procesele traditionale de su-
dare, astfel de reglementari exista si sunt utilizate in
timpul verificarilor sistemelor de sudare de catre di-
verse autoritati privind protectia mediului.

Tn tabelul 1 sunt prezentate componentele fumului
emis la sudare si nivelurile specifice de periculozitate,
pentru unele procedee de sudare, conform Agentiei
Europene pentru Sanatate si Securitate in Munca
(EU-OSHA) [10], iar Tn tabelul 2 sunt prezentate
valorile raportate de cercetatori pentru intensitatile
maxime ale emisiilor unor procedee de sudare [11].
Fumul emis in procesele de ardere tehnologica este
compus din gaze si particule solide [11].

Principalele tipuri de gaze identificabile in fumul
tehnologic sunt monoxizii si dioxizii de carbon, res-
pectiv de azot. Pe langa acestea, in functie de mate-
rialul incdlzit se pot identifica si alte gaze.

n ceea ce priveste particulele, conform figurilor 1 si
2, acestea sunt preponderent sferoidale si au dimen-
siuni nano- si micrometrice [11-13].

welding? Because the connection between two suc-
cessive layers is made by welding [5].

Therefore, an analysis of fume emissions in additive
manufacturing processes should be done with the
methods used in the case of welding processes, and
the results obtained should be analysed and could
even be compared with those obtained in welding
processes.

The fume emitted during joining processes (whether
by welding or soldering) is composed of mixtures of
gases and solid particles [7]. The composition and
concentration of the emitted fume depend on the
type of joining process used and the basic and addi-
tive materials involved. The same should be true for
additive manufacturing joining processes. For exam-
ple, for the Fused Filament Fabrication (FFF) process
[8,9], where a polylactic acid (PLA) or acrylonitrile
butadiene styrene (ABS) type polymer is usually
used as an additive material, the fume will have a
different structure and concentration compared to
the fume emitted when applying the Selective Laser
Melting (SLM) process in which a laser beam melts
a metal powder.

It is obvious that in the case of additive manufactur-
ing processes, fume emissions should be lower than
in the case of traditional arc welding processes. If
for additive manufacturing processes there are no
yet developed regulations, recommendations, or
impositions regarding fume emission, for traditional
welding processes such regulations exist and are
used, during welding system checks, by various envi-
ronmental protection authorities.

Table 1 shows the components of the fumes emitted
during welding and the specific levels of danger, for
some welding processes, according to the European
Agency for Health and Safety at Work (EU-OSHA)
[10], and Table 2 shows the values reported by re-
searchers for the maximum emission intensities of
some welding processes [11].

Fume emitted in technological processes is com-
posed of gases and solid particles [11]. The main
types of gases that can be identified in technologi-
cal smoke are carbon monoxide and dioxide, respec-
tively nitrogen. In addition to these, depending on
the heated material, other gases can also be identi-
fied. Regarding the particles, according to Figures 1
and 2, they are predominantly spheroidal and have
nano- and micrometric sizes [11-13].
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Tabelul 1. Componentele fumului emis la sudare si niveluri de periculozitate specifice [10]
Table 1. Components of welding fumes and specific hazard levels [10]

Clasa de pericol a particulelor emise
Hazard class of particle emission
Viteza de
emitere a | Substante nocive Substante
Procgdeu de sudare partlctflelor ﬁzztf:laiz:"f toxice si Substante Alte expuneri
Welding technology Partl{:le SubstZLces tl;lat iritative cancerigene Other exposures
coussion lace strain on Toxicor | Carcinogenic
rate (mg/s) P . irritating substances
the respiratory
substances
tract and lungs
Sudarea sub strat de flux <1 redus redus redus Ozon, dioxid de azot
Submerged arc low low low Ozone, nitrogen dioxide
Sudarea cu fladcdra de gaze <1 redus redus ) Dioxid de azot, monoxid de carbon
Gas welding low low Nitrogen dioxide, carbon monoxide
Ozon, dioxid de azot, monoxid de
Sudare WIG - redus mediu mediu carbon
TIG, tungsten inert gas welding low medium medium Ozone, nitrogen dioxide, carbon
monoxide
Sudare laser . . 5 . Radiatie X la tensiuni inalte
Laser welding without filler metal L2 U L L L) X rays at high voltages
Sudare MIG/MAG pulsat, cu energie mediu spre
M . e Ozon
redusa 1toa redus mediu ridicat Ozone
MIG/MAG metal inert/active gas low medium medium to
welding, pulsed, low-energy high
Sudare manual cu electrod invelit Jt08 ridicat ridicat ridicat Monoxid de azot
Manual metal arc welding (MMA) high high high Nitrogen dioxide
ridicat ridicat ridicat Ozon la sudarea aliajelor de aluminiu
MIG (general) 2to 8 . R ) Ozone in MIG-welding of aluminium
high high high R
materials
MAG cu sarma plind sau cu sarma Monoxid de carbon la sudarea MAG a
tubulard {n mfedlu de gaz protector ridicat ridicat ridicat oFeIL.mIor nealiate, cu protectie de
MAG (solid wire), 6to 25 high high high dioxid de carbon
Flux-cored wire welding with shield € g e Carbon monoxide with MAG welding
gas (MAG) and CO; shield gas of unalloyed steel
MAG cu sarma tubulara cu Monoxid de carbon la sudarea MAG a
i f - luril liate, i
autoprotectie ) foarte ridicat <.)a'rte foarte ridicat oFe L.Jrl or nealiate, cu protectie de
MAG (flux-cored wire), >25 verv high ridicat verv high dioxid de carbon
flux-cored wire welding without ryhig very high yhie Carbon monoxide with MAG welding
shield gas with CO;shield gas of unalloyed steel
- - < x - foarte - -
Taiere termica cu flacara de gaze 525 foarte ridicat ridicat foarte ridicat | Gaze nitrice
Autogenous flame cutting very high Verhigh very high Nitrous gases

Tabelul 2. Caracteristici ale gazelor emise la sudare [11]

Table 2. Characteristics of the gases produced during the welding process [11]

Material . Gaze identificate in fum [mg/s]
Procelt‘jful de sudare de bazs F.umgrfms Gases identified in fume [mg/s]
Welding process Base material EHlLeCiUIE co CO, NO NO, O3
O=tealict 27,50 0,80 57,00 0,88 0,09 5
Sudarea manuala cu electrod invelit Unalloyed steel
i Otel aliat
Manual metal arc welding it l 20,70 . B B B B
Alloyed steel
o . Otel nealiat
Sudarea cu electrod fuzibil in mediu de 12,50 13,50 485,0 0,16 0,04 0,06
. Unalloyed steel
gaz protector activ, 100% CO» -
. . . Otel aliat
MAG welding with CO,shield gas 6,70 - - - - 0,11
Alloyed steel
Sud b strat de fl Otel liat
udarea sub stra e‘ ux tel nealia 2,00 1,00 6,00 0,11 0,03 .
Submerged arc welding Unalloyed steel
Sudarea cu electrod fuzibil in mediu de .
. Otel aliat
gaz protector inert 22,50 - - - - 0,18
K o . Alloyed steel
MIG welding with inert shield gas
o . Otel aliat
Sudarea cu electrod nefuzibil in mediu de 1,72 - - 1,02 1,80 0,17
K Alloyed steel
gaz protector inert —
] Al si aliaje
TIG welding i 3,00 - - 0,75 0,70 0,09
Al and its alloys
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Sursa:
https://www.researchgate.net/publication/51819292_Control_of _
Cr6_Emissions_from_Gas_Metal_Arc_Welding_Using_a_Silica_Precur sor_
as_a_Shielding_Gas_Additive/figures?lo=1

Figura 1. Particule solide emise la sudarea cu arc electric
Figure 1. Solid particles emitted during arc welding

Efectele gazelor si ale particulelor solide, inhalate in
timpul sudarii, asupra organismului uman sunt [11-13]:

oxizii de azot (NO si NO,) — dupd inhalare apar
reactii iritante ale cailor respiratorii; Tn cazul unor
concentratii ridicate exista pericolul aparitiei
dupa cateva ore a unui edem pulmonar

ozonul (O,) — se formeaza in aer la razele ultra-
violete ale arcului electric; are miros intepator,
puternic iritant al mucoasei nazale; poate pro-
duce edem pulmonar

oxidul de carbon (CO) — se formeaza la sudarea in
mediu de gaz protector si la sudarea cu flacara;
CO Tmpiedica transportul de oxigen din sange;
provoacd oboseald, dureri de cap, greata, poate
produce pierderea cunostintei sau chiar moartea
dioxidul de carbon (CO,)- se formeaza la sudarea
n mediu de gaz protector; gazul este usor toxic si
produce iritatii ale cdilor respiratorii

praf fin — fumul daunator plamanilor (particule
cu diametrul mai mic decat 1 um) si praful se
formeaza in special in timpul topirii metalului de
adaos

fier, oxizi de fier — au actiune iritanta asupra mu-
coaselor cdilor respiratorii i stomacului

cromul, cromatii- prin expunere cronica pe cale
respiratorie, la pulbere sau ceturi cu continut
de Cr hexavalent duce la ulcer de sept nazal,
perforatia sa, rinita cronica, faringitd cronica,
bronsita cronicd, crize astmatice, carcinom
bronsic, iar cutanat duce la aparitia unor derma-
toze de contact alergice sau la ulcer tegumen-
tar. Actiunea imediata (intoxicatia acutd) duce la
manifestari grave pulmonare si renale, arsuri cu-
tanate.

nichelul determind o patologie cutanata tip
dermatoza de contact ortoergica si/sau alergica,
manifestari pulmonare, chiar cancer.

Sursd:
https://www.researchgate.net/publication/305278209_Metal_ Powder_
Additive_Manufacturing/figures?lo=1&utm_source=go
ogle&utm_medium=organic

Figura 2. Particule solide emise in timpul procesului SLM
Figure 2. Solid particles emitted during SLM process

The effects of gases and solid particles, inhaled dur-
ing welding, on the human body are [11-13]

nitrogen oxides (NO and NO,) — after inhalation,
irritating reactions of the respiratory tract occur;
in the case of high concentrations, there is a dan-
ger of pulmonary edema appearing after hours
ozone (0,) —is formed in the air by the ultravio-
let rays of the electric arc; has a pungent smell,
strongly irritating the nasal mucosa; can cause
pulmonary edema

carbon monoxide (CO) —is formed when welding
in a protective gas environment and when weld-
ing with a flame; CO prevents the transport of
oxygen in the blood; causes fatigue, headaches,
nausea, can cause loss of consciousness or death
carbon dioxide (CO,)- is formed when welding in
a protective gas environment; the gas is slightly
toxic and causes irritation of the respiratory tract
fine dust — lung-damaging fumes (particles small-
er than 1 um in diameter) and dust are formed
especially during filler metal melting

iron, iron oxides- have an irritating action on the
mucous membranes of the respiratory tract and
stomach

chromium, chromates - through chronic respira-
tory exposure, to dust or mists containing hexa-
valent Cr leads to nasal septum ulcer, its perfora-
tion, chronic rhinitis, chronic pharyngitis, chronic
bronchitis, asthma attacks, bronchial carcinoma,
and skin leads to the appearance allergic con-
tact dermatoses or skin ulcers. Immediate action
(acute intoxication) leads to serious pulmonary
and renal manifestations, skin burns.

nickel causes a skin pathology such as orthoergic
or allergic contact dermatosis, pulmonary mani-
festations, even cancer.

cadmium can cause chemical pneumonia, a form
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e cadmiul poate determina pneumonie chimica,
forma de intoxicatie acuta cu risc vital major, iar ca
forme cronice de afectare a sanatatii: nefropatie
cronica, emfizem pulmonar, sindrom asteno-vegeta-
tiv, tulburdri digestive, manifestari osoase, hiperten-
siune arteriala, cancer pulmonar si de prostata.

e manganul introduce un sistem clinic specific con-
stand dintr-o intoxicatie cronica cu afectiuni asu-
pra sistemului nervos central si insuficiente res-
piratorii Tnsotite de dureri.

e beriliul impune o patologie respiratorie cu posi-
bilitatea evoluarii in granulomatozd pulmonara
difuza.

e aluminiul —produce iritatii ale sistemului respirator

e zincul — apare la sudarea si tdierea tablelor zin-
cate sau a pieselor alamite.

e fosgenul — este un gaz otravitor format Tnh urma
descompunerii unor dizolvanti de grasimi ce
contin clor, sub actiunea radiatiei ultraviolete.

3. Emisia de fum in procesele de im-
primare 3D

Imprimantele 3D de calitate pentru consumatori au
crescut In popularitate in ultimii ani, dar particule-
le emise de la astfel de dispozitive pot avea un im-
pact negativ asupra calitatii aerului din interior si au
potentialul de a dauna sanatatii respiratorii, potrivit
unui studiu realizat de cercetdtorii de la Institutul de
Tehnologie din Georgia. Pentru studiu, care a fost
publicat pe 12 septembrie in revista Environmental
Science & Technology [14] si sponsorizat de Under-
writers Laboratories, Inc. (UL)., cercetatorii au colec-
tat particule emise de la imprimantele 3D si au efec-
tuat mai multe teste pentru a mdsura impactul lor
asupra culturilor de celule respiratorii. Toate testele
efectuate, care au fost facute in doze mari, au aratat
ca exista un raspuns toxic pentru particulele din dife-
rite tipuri de filamente utilizate de aceste imprimante
3D. Studiul a facut parte dintr-un proiect de cercetare
pe mai multi ani, care vizeaza caracterizarea emisiilor
de particule de catre imprimante intr-un mediu con-
trolat si identificarea masurilor care ar putea fi luate
atat de producatorii de imprimante 3D, cat si de utili-
zatori pentru a reduce potentialul de daune. Tn timp
ce studiile anterioare s-au concentrat pe cuantifica-
rea particulelor emise, de aceasta data cercetatorii au
analizat mai indeaproape compozitia chimica a parti-
culelor si potentialul lor de toxicitate. Imprimantele
3D functioneaza de obicei prin topirea filamentelor
din plastic si apoi depunerea stratului de topire pe

of acute poisoning with major life risk, and as
chronic forms of health damage: nephropathy,
pulmonary emphysema, astheno-vegetative syn-
drome, digestive disorders, bone manifestations,
arterial hypertension, lung and prostate cancer.

* manganese introduces a specific clinical system
consisting of chronic intoxication with central
nervous system disorders and respiratory insuf-
ficiency with pain.

e beryllium imposes a respiratory pathology with
the possibility of evolution into diffuse pulmo-
nary granulomatosis.

e aluminium — produces irritations of the respira-
tory system

e zinc- occurs when welding and cutting galvanized
sheets or brass parts.

e phosgene- is a poisonous gas formed as a result
of the decomposition of some chlorine-contain-
ing fat solvents, under UV.

3. Fume emission in 3D printing pro-
cesses

Consumer-grade 3D printers have grown in popu-
larity in recent years, but particulates emitted from
such devices can negatively impact indoor air quality
and have the potential to harm respiratory health,
according to a study by researchers at the Institute
of Technology from Georgia. For the study, which
was published Sept. 12 in the journal Environmental
Science & Technology [14]and sponsored by Under-
writers Laboratories, Inc. (UL)., researchers collected
particles emitted from 3D printers and performed
several tests to measure their impact on respiratory
cell cultures. All the tests carried out, which were
done in high doses, showed that there is a toxic re-
sponse to the particles in the different types of fila-
ments used by these 3D printers. The study was part
of a multi-year research project aimed at character-
izing particle emissions from printers in a controlled
environment and identifying measures that could be
taken by both 3D printer manufacturers and users
to reduce the potential for damage. While previous
studies focused on quantifying the particles emit-
ted, this time the researchers looked more closely
at the chemical composition of the particles and
their potential for toxicity. 3D printers typically work
by melting plastic filaments and then depositing the
melt layer upon layer to form an object. Heating the
plastic to melt it releases volatile compounds, some
of which are ultrafine particles that are emitted into
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strat pentru a forma un obiect. Tncilzirea plasticului
pentru a se topi elibereaza compusi volatili, dintre
care o parte din particule ultrafine care sunt emise
in aer in apropierea imprimantei si a obiectului. In
cercetdrile anterioare, echipa a constatat cd, in gene-
ral, cu cat temperatura este mai calda pentru topirea
filamentului, cu atat au fost produse mai multe emisii.
Ca urmare, filamentele din plastic acrilonitril butadien
stiren (ABS), care necesita o temperaturd mai mare
pentru a se topi, au produs mai multe emisii decat
filamentele din acid polilactic (PLA), care se topeste
la 0 temperatura mai scazutd. Pentru a testa impactul
emisiilor asupra celulelor vii, cercetatorii s-au asociat
cu Institutul de Stiinta Weizmann din Israel, care a ex-
pus celulele respiratorii umane si celulele sistemului
imunitar de sobolan la concentratii ale particulelor
de la imprimante. Ei au descoperit ca atat particulele
ABS si PLA au avut un impact negativ asupra viabilitatii
celulelor, acestea din urma determinand un rdspuns
mai toxic. Dar aceste teste nu reflectau expunerile
reale din timpul fabricatiei, ci niste expuneri la nivel
de laborator. Cercetatorii au efectuat, de asemenea,
o analiza chimica a particulelor pentru a obtine mai
multe informatii asupra toxicitatii lor si a permite
comparatiile cu toxicitatea particulelor care se gasesc
in mediile urbane n aer liber. Testele de toxicitate au
aratat ca particulele de PLA au fost mai toxice decat
particulele ABS la o comparatie pe particule, dar pen-
tru ca imprimantele au emis mult mai mult din ABS -
emisiile ABS sunt cele care sunt mai preocupare. Lua-
te impreund, aceste teste indica faptul ca expunerea
la aceste particule de filament ar putea fin timp la fel
de toxica precum aerul dintr-un mediu urban poluat
cu emisii vehiculare sau de alta naturd. O alta consta-
tare a studiului a fost ca particulele ABS emise de la
imprimantele 3D aveau caracteristici chimice diferite
decat filamentul ABS. Atunci cand producatorii de
filamente produc un anumit tip de filament, ele pot
adduga procente de masa mici ale altor compusi pen-
tru a atinge anumite caracteristici, dar in mare parte
nu dezvaluie care sunt acei aditivi. Deoarece acesti aditivi
par sa afecteze cantitatea de emisii pentru ABS si poate
exista o mare variabilitate n tipul si cantitatea de aditivi
adaugati la ABS, un consumator poate cumpara un an-
umit filament ABS si ar putea produce mult mai multe
emisii decat unul produs de catre un alt producdtor.
Rezultatele cercetarii sunt confirmate si de Liu [15], Ste-
phens [16], Zontek [17], Davis [18] si He [19].
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the air near the printer and object. In previous re-
search, the team found that, in general, the hotter
the temperature for melting the filament, the more
emissions were produced.

As a result, acrylonitrile butadiene styrene (ABS)
plastic filaments, which require a higher tempera-
ture to melt, produced more emissions than poly-
lactic acid (PLA) filaments, which melt at a lower
temperature. To test the impact of the emissions on
living cells, the researchers partnered with the Weiz-
mann Institute of Science in Israel, which exposed
human respiratory cells and rat immune system cells
to concentrations of particles from the printers.
They found that both ABS and PLA particles had a
negative impact on cell viability, with the latter caus-
ing a more toxic response. But these tests did not
reflect actual exposures during manufacturing, but
rather laboratory-level exposures.

The researchers also performed a chemical analysis
of the particles to gain more information on their
toxicity and allow comparisons with the toxicity of
particles found in outdoor urban environments.
Toxicity tests showed that PLA particles were more
toxic than ABS particles in a particle-by-particle
comparison, but because the printers emitted much
more of the ABS- it's the ABS emissions that are of
more concern. Taken together, these tests indicate
that exposure to these filament particles could be as
toxic over time as air in an urban environment pol-
luted with vehicular or other emissions.

Another finding of the study was that ABS particles
emitted from 3D printers had different chemical
characteristics than ABS filaments. When filament
manufacturers produce a certain type of filament,
they may add small mass percentages of other
compounds to achieve certain characteristics, but
they mostly do not disclose what those additives
are.

Because these additives appear to affect the
amount of emissions for ABS, and there can be a
great deal of variability in the type and amount of
additives added to ABS, a consumer may purchase
a particular ABS filament and it could produce sig-
nificantly more emissions than one produces by an-
other producer.

The research results are also confirmed by Liu [15],
Stephens [16], Zontek [17], Davis [18] and Huh [19].
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4. Emisii de zgomot in procesele de
fabricatie aditiva prin procedeul FFF

Discutia privind impactul zgomotului produs de catre
oimprimantd 3D asupra utilizatorilor este generata de
starea reala de hipoacuzie si stres profesional identifi-
cate la personalul lucrand in conditii de zgomot [20,
21]. Pentru o cuprindere cantitativd a fenomenului
este de ajuns vizualizarea si intelegerea rezultatelor
sondajului european prin telefon privind conditiile de
munca 2021 (EWCTS 2021): 17% dintre lucratorii din
UE raporteaza ca sunt adesea sau intotdeauna expusi
la zgomot puternic la locul de munca [21]. Desi, prin-
cipalele efecte dovedite ale poluarii prin zgomot sunt
afectiunile de tipul stresului, pierderii auzului sau
cresterea presiunii arteriale [20], totusi, aspectele so-
ciale sieconomice ale vietii de zi cu zi mentin populatia
la un nivel atat de ridicat al intensitatii sonore, incat o
valoare de 80 dB la nivelul strazilor, magazinelor sau
birourilor ajunge sa fie considerata drept normala.
Analizand efectele poludrii fonice asupra sanatatii,
pe termen lung, s-a considerat ca existad si posibili-
tatea unei afectari pe termen scurt pe care, desi
este posibil ca subiectul existent intr-o zona poluata
fonic sa nu o constientizeze, aceasta afectare sa
aiba efecte Tn comportamentul sau involuntar. Este
evidenta si demonstrata prin experimentdri existenta
unei cresteri a nivelului de stres sau a unei reduceri
a gradului de atentie, momentane, ca urmare a ex-
punerii la poluare fonica.

Odata cu popularitatea in crestere [22], impriman-
tele 3D au deschis o lume cu totul noua de posibilitati
pentru oamenii creativi, dar, asemenea oricaror dis-
pozitive electromecanice, au creat si un mediu zgo-
motos [17]. In consecint3, si sistemele de fabricatie
contindnd echipamente de imprimare 3D sunt, la
randul lor emitatoare de zgomot, tipul echipamen-
tului si producatorul fiind, de obicei, principalele cri-
terii de clasificare din acest punct de vedere.

O analizd a componentelor imprimantelor 3D produ-
catoare efectiv de zgomot este necesara, inainte de a
se incerca identificarea de solutii pentru diminuarea
acestei poluari. Cea mai comuna sursa de zgomot este
motorul pas cu pas, urmat de zgomotul provenit de
la ventilator. In afard de aceasta, sunetele care apar in
timpul miscarii axei X, Y sau Z sunt, de asemenea, puter-
nice. O alta sursa de zgomot nedorit sunt vibratiile care
provin din carcasa imprimantei.

Din observatiile proprii, zgomotul produs de impriman-
tele 3D FFF creste o data cu viteza de imprimare. De
obicei, la o vitezd de 50-60 mm/s sunetul unei impri-

4. Noise emissions in the FFF process
of additive manufacturing

The discussion on the impact of noise produced by
a 3D printer on users is generated by the real state
of hearing loss and occupational stress identified in
personnel working in noisy conditions [20, 21]. For
a quantitative understanding of the phenomenon, it
is enough to view and understand the results of the
European telephone survey on working conditions
2021 (EWCTS 2021): 17% of EU workers report that
they are often or always exposed to loud noise at
work [21].

Although, the main proven effects of noise pollu-
tion are conditions such as stress, hearing loss or
increased blood pressure [20], however, the social
and economic aspects of everyday life keep the pop-
ulation at such a high level of sound intensity that a
value of 80 dB at the level of streets, shops or offices
comes to be considered as normal.

Analysing the effects of noise pollution on health, in
the long term, it was considered that there is also
the possibility of a short-term effect which, although
it is possible that the subject existing in a noise-pol-
luted area may not be aware of it, this effect has ef-
fects in his behaviour involuntary. The existence of
anincrease in the level of stress or a reduction in the
level of attention, momentary, as a result of expo-
sure to noise pollution is obvious and demonstrated
through experimentation.

With the growing popularity [22], 3D printers opened
up a whole new world of possibilities for creative
people, but like any electromechanical device, they
also created a noisy environment [17]. Consequent-
ly, manufacturing systems containing 3D printing
equipment are also noise emitters, with equipment
type and manufacturer usually being the main clas-
sification criteria from this point of view.

An analysis of the components of 3D printers actu-
ally producing noise is necessary, before trying to
identify solutions to reduce this pollution. The most
common source of noise is the stepper motor, fol-
lowed by fan noise.

Apart from this, the sounds that occur during X, Y
or Z axis movement are also loud. Another source
of unwanted noise is vibrations coming from the
printer housing.

From my observations, the noise produced by FFF
3D printers increases with the printing speed. Typi-
cally, at a speed of 50-60 mm/s the sound of a
printer (measured at 1 meter inside a laboratory) is

11
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mante (masurat la 1 metru in interiorul unui laborator),
este de ordinul 5-30 dB peste zgomotul ambiental. Do-
meniul mare de 5-30 dB este dat de numarul mare de
imprimante existente pe piata. Asadar, daca zgomotul
ambiental este de aproximativ 40-50 dB, cu imprimanta
functionand, zgomotul se poate apropia de 90 dB.

5. Experimentari de masurare a zgomotu-

lui si gazelor emise de o imprimanta 3D FFF

5.1 Metodd, echipamente si materiale

Problema pe care o punem este urmatoarea: la pro-
cedeele de prelucrare traditionale temperatura ma-
terialului care se prelucreaza nu este la fel de ridicata,
ea variind de la temperatura ambianta (cum este la
deformarea plastica la rece) si pana la o temperatura
din prima treime a domeniului starii fluid-vascoase
(asa cum este la extrudare). in concluzie, fumul emis
in cazul FFF ar trebui sa fie in volum mai mare decat
cel emis in cazul procedeelor traditionale derulate
la temperatura ambiantd si comparabil cu cel emis
in cazul procedeelor traditionale derulate la tem-
peraturi mai mari decat temperatura de curgere a
polimerului din care este confectionat filamentul.
O astfel de informatie este utild pentru a decide
daca noua tehnologie, imprimarea 3D, este sau
nu mai prietenoasd cu mediul decat tehnologiile
traditionale. Astfel, in cadrul lucrdrii au fost efec-
tuate determinari ale unor emisii poluante detecta-
bile in timpul imprimarii 3D: zgomot si fum.
Produsul propus a fi realizat prin imprimare 3D si
apoi analizat a fost un simplu SUPORT avand patru
picioare (figurile 3, 4 si 5).

Figura 3. Proba Tn timpul imprimarii
Figure 3. Sample during printing

of the order of 5-30 dB above ambient noise. The
wide range of 5-30 dB is given by the large number
of printers on the market. So, if ambient noise is
around 40-50 dB, with the printer running the noise
can approach 90 dB.

5. Experiments measuring the noise
and gases emitted by a 3D FFF printer

5.1 Method, equipment and materials

The problem we pose is the following: in traditional
processing processes, the temperature of the mate-
rial being processed is not as high, varying from am-
bient temperature (as in cold plastic deformation) to
a temperature in the first third of the range fluid-vis-
cous state (as in extrusion). In conclusion, the fume
emitted in the case of FFF should be greater in vol-
ume than that emitted in the case of traditional pro-
cesses carried out at an ambient temperature and
comparable to that emitted in the case of traditional
processes carried out at temperatures higher than
the flow temperature of the polymer from which
it is made the filament. Such information is useful
in deciding whether or not the new technology, 3D
printing, is more environmentally friendly than tradi-
tional technologies. Thus, as part of the work, deter-
minations were made of pollutant emissions detect-
able during 3D printing: noise and fume.

The product proposed to be 3D printed and then
analysed was a simple SUPPORT having four legs
(figures 3, 4, and 5).

Figura 4. Proba imprimata, cu o componenta
detasatd

Figura 5. Probaimprimata
Figure 5. Printed sample

Figure 4. Printed sample, with a detached leg

Pentru experimentdrile de imprimare 3D s-a utilizat

o imprimanta 3D tip da Vinci Duo.

Pentru depunere s-a utilizat un filament comercial

din PLA cu diametrul de 1,75 mm.

Parametrii de proces utilizati au fost:

e Temperatura de imprimare: 220 °C (valoare reco-
mandata de echipament pentru materialul PLA),

12

A da Vinci Duo 3D printer was used for the 3D print-

ing experiments.

A commercial PLA filament with a diameter of 1.75

mm was used for deposition.

The process parameters used were:

e Printing temperature: 220 °C (equipment recom-
mended value for PLA material), to which 230 °C,
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la care s-au addugat variantele 230 °C, 240 °C, 250
°C pentru evidentierea diverselor influente ale tem-
peraturii de extrudare asupra emisiilor de poluanti;

e Temperatura mesei pe care s-a construit prin
depunere piesa: 70 °C.

Rezolutiile sau densitatile de imprimare alese au fost:

10, 20, 30, 40%, fiecare dintre acestea influentand

valoarea duratei procesului de imprimare.

Tn timpul imprimarii 3D a piesei s-au ficut inregistrari

ale sunetelor emise de echipamente. Pentru aceasta

s-a ufilizat un sonometru marca SLM 25, pozitionat

la nivelul capacului incintei de imprimare. Frecventa

masuratorilor a fost de una la doua min, fiind efec-

tuate dupa cum urmeaza:

e 13 masurdtori pentru rezolutia de 10% (timp de
imprimare: 27 min),

e 17 masuratori pentru rezolutia de 20% (timp de
imprimare: 34 min),

e 19 masuratori pentru rezolutia de 30% (timp de
imprimare: 39 min),

e 20 masuratori pentru rezolutia de 40% (timp de
imprimare: 42 min).

Tot In timpul fabricatiei prin cele doua tehnologii s-au

facut si determinari ale intensitatilor de emisie de

fum. Pentru aceasta s-a utilizat un analizor de gaze

marca Multilyzer NG a carui sonda a fost pozitionata

la o distanta de aproximativ 50-70 mm fata de piesa.

S-a efectuat o singura masuratoare timp de 20 s.

5.2 Rezultate si discutii

Masuratorile efectuate au vizat, pe de-o parte, pre-
siunea acustica produsa de componentele imprim-
antei 3D, iar pe de alta parte intensitatea emisiei de
fum n timpul procesului de imprimare. in plus, au
fost determinate cantitativ unele componente ale
fumului emis In timpul imprimarii.

in figurile 6 a, b, ¢, d sunt prezentate valorile inregis-
trate pentru presiunea acustica in regimul de impri-
mare cu viteza medie (50 mm/s) si cu rezolutiile de:
10% (figura 6.a), 20% (figura 6.b), 30% (figura 6.c) si
40% (figura 6.d).

Se observd cd indiferent de rezolutia de umplere,
functionarea componentelor este aproape constanta
si implicit presiunea acustica produsa este oarecum
constanta. Valoarea medie a acestei presiuni este
situata n jurul valorii de 44 dB, o valoare considerata
acceptabild, comparativ cu alte scule aflate in operare.
Fumul emis in procesul de imprimare are un debit
specific, depinzand de tipul procedeului si de para-
metrii de imprimare. Acest debit poate fi acceptat
sub forma intensitatii de emitere a fumului, aceasta

240 °C, and 250 °C variants have been added to
highlight the various influences of extrusion tem-
perature on pollutant emissions;

e Temperature of the table on which the part was
built by deposition: 70 °C.

The resolutions or print densities chosen were: 10,

20, 30, and 40%, each of which influences the value

of the duration of the printing process.

During the 3D printing of the part, recordings were

made of the sounds emitted by the equipment. For

this, an SLM 25 sound level meter was used, posi-

tioned at the level of the cover of the printing room.

The frequency of the measurements was from one

to two minutes, being performed as follows:

¢ 13 measurements for 10% resolution (print time:
27 min),

e 17 measurements for 20% resolution (print time:
34 min),

¢ 19 measurements for 30% resolution (print time:
39 min),

e 20 measurements for 40% resolution (print time:
42 min).

Also during the manufacturing, determinations of

fume emission intensities were also made using the

two technologies. For this, a Multilyzer NG brand

gas analyser was used, the probe of which was posi-

tioned at 50-70 mm from the part.

A single measurement was performed for 20 s.

5.2 Results and Discussion

The measurements performed concerned, on the
one hand, the acoustic pressure produced by the
components of the 3D printer, and on the other
hand, the intensity of the fume emission during the
printing process. In addition, some components of
the fume emitted during printing were quantified.
Figures 6 a, b, ¢, d show the values recorded for the
acoustic pressure in the printing mode with medium
speed (50 mm/s) and with resolutions of 10% (figure
6.a), 20% (figure 6.b), 30% (figure 6.c) and 40% (fig-
ure 6.d).

It is observed that regardless of the filling resolution,
the operation of the components is almost constant
and implicitly the acoustic pressure produced is
somewhat constant. The average value of this pres-
sure is around 44 dB, a value considered acceptable,
compared to other tools in operation.

The fume emitted in the printing process has a spe-
cific flow rate, depending on the type of process and
the printing parameters. This flow can be accepted in
the form of fume emission intensity, which is meas-

13
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Figura 6. Valorile masurate pentru presiunea acustica
Figure 6. Measured values for the acoustic pressure

fiind masurabila in miligrame/secunda. Masuratorile
efectuate au evidentiat o influenta redusa a tem-
peraturii de proces. Evident, si faptul ca domeniul
de existenta al acestor parametri este unul restrans
(temperaturile de curgere ale polimerilor utilizati
pentru confectionarea de filamente sunt cuprinse
intre 150-220 °C, iar temperaturile de degradare
termica sunt situate Tn domeniul 300-400 °C) face ca
domeniul efectiv al valorilor temperaturilor de im-
primare sa fie 180-280 °C. Din acest motiv, tempe-
raturile de proces utilizate in experimentari au fost
cuprinse Tn domeniul 220-250 °C, adica aproximativ
30% din intreg domeniul. Conform graficului din fi-
gura 7, valorile intensitdtii de emisie a fumului au fost
situate Tn intervalul 0,12-0,14 mg/s, ceea ce releva o
constanta ridicata a acestui indicator, cel putin pen-
tru valorile temperaturii de imprimare utilizate.

urable in milligrams/second. The measurements
carried out to determine this indicator revealed a
reduced influence of the process temperature. The
fact that the range of existence of these parameters
is narrow (the flow temperatures of the polymers
used for making filaments are between 150-220
°C, and the thermal degradation temperatures are
located in the range of 300-400 °C) makes the ef-
fective range of printing temperature values 180-
280 °C. For this reason, the process temperatures
used in the experiments were included in the range
of 220-250 °C, i.e. approximately 30% of the entire
range. According to the graph in Figure 7, the fume
emission intensity values were located in the range
of 0.12-0.14 mg/s, which reveals a high constancy of
this indicator, at least for the printing temperature
values used.
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Figura 7. Valorile masurate pentru intensitatea emisiei de fum
Figure 7. Measured values for the intensity of fume emission
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Gazele continute de fumul emis, identificate cu ana-
lizorul de gaze sunt dioxidul de carbon si monoxidul
de carbon. Analizorul de gaze nu a permis identifica-
rea compusilor chimici gazosi, cum este de exemplu
acetaldehida. Pentru evidentierea si cuantificarea
acesteia este nevoie de o analizd de spectrometrie
de absorbtie in infrarosu sau de spectrometrie de
masa cu plasma cuplata inductiv.

Valorile concentratiilor de dioxid de carbon si mono-
xid de carbon mdsurate sunt prezentate in figurile 8
a si b. Se pot constata cresteri ale emisiilor de dioxid
de carbon de aproximativ 20% o data cu cresterea
temperaturii de imprimare.

n ceea ce priveste variatia cantititii de monoxid de
carbon, aceasta a fost tot in sensul cresterii, iar valo-
rile acestei cresterii s-au situat in jurul a 15%.

Ca valori absolute, concentratiile de monoxid de car-
bon emis au fost mai mari decat cele de dioxid de
carbon, mentinandu-se insa la niveluri fara potential
de pericol pentru utilizatori (in majoritatea tarilor UE
limita de la care dioxidul de carbon devine periculos
pentru sanatate este 5000 ppm [23]).

The gases contained in the emitted fume, identified
with the gas analyser, are carbon dioxide and carbon
monoxide. The gas analyser did not allow the identi-
fication of gaseous chemical compounds such as ac-
etaldehyde. Its detection and quantification require
infrared absorption spectrometry or inductively cou-
pled plasma mass spectrometry analysis.

The values of the measured carbon dioxide and car-
bon monoxide concentrations are shown in Figures
8 a and b. Increases in carbon dioxide emissions of
approximately 20% can be seen as the printing tem-
perature increases.

As for the variation in the amount of carbon monox-
ide, it was also in the direction of increase, and the
values of this increase were around 15%.

As absolute values, the concentrations of carbon
monoxide emitted were higher than those of car-
bon dioxide but remained at levels without potential
danger for users (in most EU countries the limit at
which carbon dioxide becomes dangerous to health
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Figure 8. Concentrations of CO, and CO issued during 3D printing process using PLA filament
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5. Concluzii

Procesele de imprimare 3D produc agenti poluanti,
asemenea oricaror procese de prelucrare.

Unul dintre agentii poluanti este zgomotul produs de di-
verse elemente componente ale imprimantei aflate in
miscare. Zgomotul produs creeaza o presiune acustica
medie mai mica de 44 dB, existand insa si unele varfuri
care au atins valoarea de 44,6 dB. Aceste valori nu sunt
periculoase pentru utilizatori, acestia putand lucra si
opt ore intr-un mediu cu un astfel de zgomot.

La imprimarea 3D fumul este emis cu o intensitate
aproximativ 0,13 mg/s, ceea ce este mult mai putin
decét in cazul fumului emis in procesele de sudare
cu arc electric.

Monoxidulde carbonsidioxidulde carbon se regasesc
in fumul emis la imprimare 3D, iar concentratiile
acestora, cuprinse intre 410-520 ppm sunt sensibile
mai mici decat concentratiile limita considerate a
pune sanatatea utilizatorului Tn pericol.
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de Parteneriat Strategic Actiune Cheie 2, numdr:
2023-1-RO01-KA220-HED-000158031-ANGIE,
finantat de catre Comisia Europeand prin programul
ERASMUS+.
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5. Conclusions

3D printing processes produce pollutants, just like
any manufacturing process.

One of the polluting agents is the noise produced by
various printer components in motion.

The noise produced creates an average sound pres-
sure of less than 44 dB, but there are also some
peaks that have reached the value of 44.6 dB. These
values are not dangerous for users, who can work
for eight hours in an environment with such noise.
In 3D printing, fume is emitted at an intensity of
about 0.13 mg/s, which is much less than the fume
emitted in electric arc welding processes.

Carbon monoxide and carbon dioxide are found in
the fume emitted during 3D printing, and their con-
centrations, between 410-520 ppm, are significantly
lower than the limit concentrations considered to
endanger the health of the user.
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Curs pentru calificarea de

Proiectant International de Structuri Sudate (IWSD)

Asociatia de Sudura din Romania organizeaza un curs de calificare ca proiectant international de structuri
sudate — nivel standard (IWSD-S).

Obiectul cursului este de a pregati personalul pentru a satisface criteriile cerute pentru personalul ce desfdasoara
activitati de proiectare a unor structuri sudate ca, de exemplu, constructii metalice, poduri, recipiente sub
presiune, conducte si retele de conducte, recipiente de stocare, platforme marine, constructii navale, masini
grele, echipament hidroelectric si a avea un nivel de cunostinte si de buna practica la un nivel care sa satisfaca
necesitatile industriei europene de fabricatie prin sudare.

Cursul este organizat prin Centrul ASR de formare/calificare a personalului si satisface cerintele ghidului IAB 201r10.
Lectorii cursului sunt specialisti recunoscuti din invatdmantul superior si din industrie.

Continutul cursului:

Durata totala a cursului este de 100 ore, continutul cursului fiind urmatorul:

- Tehnologia sudarii 25 ore
- Rezistenta materialelor 25 ore
- Proiectarea structurilor sudate 25 ore
- Proiectarea imbinarilor sudate 25 ore

Perioada de derulare: 03.02 —20.03.2025

Conditii de acces la curs: Minim absolvent scoald vocationald 4 ani, cu 2 ani experienta practica in domeniul
sudarii, varsta min. 20 ani.

Cursul se deruleazd in sistem de videoconferintd in zilele de luni pana joi dup&d amiaza (16:00-20:00). in felul
acesta, cursantii vor putea participa la orele de pregatire fara a fi scosi din productie pe perioada cursului.
Cursantilor care au deja calificarea de Inginer Sudor International/European (IWE/EWE), Tehnolog Su-
dor International/European (IWT/EWT) sau Specialist Sudor International European (IWS/EWS) le este
recunoscuta partea care face referire la ,Tehnologia sudarii” (25 ore) si ,,Rezistenta materialelor” (25 ore).

Ca urmare, posesorii diplomelor de IWE, IWT sau IWS vor trebui sa participe la 50 ore de curs.

Costul cursului: Taxa de participare la curs este de 4.500 lei (fara TVA).

Examenul final va fi organizat de SC ASR CertPers SRL, taxa de examinare nu este inclusa in pretul cursului.
Membrii ASR beneficiaza de o reducere a taxei de participare la curs in cuantum de 10%.

Oferta detaliatd a cursurilor este disponibila la adresa www.asr.ro.
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