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MIG/MAG robotic welding — specific application aspects
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Rezumat

Lucrarea prezintd unele aspecte specifice privind robotizarea procesului de sudare MIG/MAG. Avantajele
robotizdrii rezidd din cresterea productivitdtii cu 150-200%, reducerea deformatiilor remanente de la 5-7
mm la 1-2 mm, imbundtdtirea calitdtii sudurilor prin constanta unghiurilor si vitezei (50—80 cm/min fatd de
30-40 cm/min manual) si eliminarea operatiilor de redresare si indepdrtare a stropilor. Conditiile de muncad
sunt ameliorate prin protejarea operatorilor de radiatii, fum si arsuri, folosind diverse tipuri de roboti cu
pozitionere programabile.

Criteriile pentru robotizare includ volume mari sau medii de productie, precizie dimensionald a reperelor
si pregdtirea personalului pentru programarea robotilor. Provocdrile majore sunt starea suprafetei repe-
relor (care trebuie sd fie curate, fard ulei sau oxizi), rosturile prea mari (max. 0,3 mm pentru table de 2
mm), si pozitionarea optimd a sdrmei-electrod (ex. 0,5 mm de tabla verticald pentru grosimi de 2 mm).
Testele efectuate cu robotul CLOOS Romat 320 au stabilit parametrii optimi, precum curent de 130 A pentru
pdtrundere de 0,3 mm la table de 2 mm. Problemele, precum avansul inconstant al sdrmei datoritd frecdrii,
sunt rezolvate prin curdtarea sdptdmdnald a tubului de ghidare si mentinerea razelor de curburd peste 500
mm. Corectiile traiectoriei robotului se realizeazd prin senzori de palpare si monitorizarea tensiunii arcului.
Robotizarea optimizeazd procesul, reduce defectele si sporeste eficienta, dar necesitd investitii in tehnolo-
gie si instruire.

Cuvinte cheie
Sudarea robotizatd, pozitionare pistolet, pdtrundere, transport sdrmd, examinare vizuald

Abstract

The paper presents some specific aspects regarding the robotization of the MIG/MAG welding process.
The advantages of robotization lie in the increase in productivity by 150-200%, the reduction of residual
deformations from 5—7 mm to 1-2 mm, the improvement of weld quality through the constancy of angles
and speed (50-80 cm/min compared to 30-40 cm/min manually), and the elimination of straightening
and spatter removal operations. Working conditions are improved by protecting operators from radiation,
smoke and burns, using various types of robots with programmable positioning.

The criteria for robotization include large or medium production volumes, dimensional accuracy of parts
and training of personnel for robot programming. The major challenges are the surface condition of the
workpieces (which must be clean, free of oil or oxides), too large joints (max. 0.3 mm for 2 mm sheets), and
the optimal positioning of the wire-electrode (e.g. 0.5 mm from the vertical sheet for 2 mm thicknesses).
Tests carried out with the CLOOS Romat 320 robot have established the optimal parameters, such as 130 A
current for 0.3 mm penetration in 2 mm sheets. Problems, such as inconsistent wire feed due to friction, are
solved by weekly cleaning of the guide tube and maintaining the curvature radii above 500 mm. Corrections
of the robot trajectory are made by touch sensors and monitoring the arc voltage. Robotization optimizes the
process, reduces defects and increases efficiency, but requires investment in technology and training.

Keywords
Robotic welding, torch positioning, penetration, wire transport, visual inspection
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avute in vedere n acest sens, provocarile si proble-
mele care pot sd apara in timpul procesului de robo-
tizare precum si unele modalitati de abordare si de
rezolvare a acestor probleme.

La COMPA Sibiu sunt realizate cu ajutorul sudarii ro-
botizate MIG/MAG piese pentru clienti cu renume
din industria producdtoare de autovehicule (repere
din componenta coloanei de directie Toyota, ansam-
blu tub rezervor Mercedes, tub amortizor BMW etc.)
si pentru echipamente de ridicat Haulotte (brate,
articulatii, punti, nacele, tiranti etc.) la care cerintele
pentru aspectul si rezistenta sudurilor sunt foarte
ridicate. Reperele sunt sudate cu ajutorul a opt
roboti de sudare CLOOS si a unui robot ABB.

2. Avantajele sudarii MIG/MAG ro-

botizate

Robotizarea proceselor de sudare MIG/MAG fatd de
sudarea manualad conduce la obtinerea unor avan-
taje pe mai multe planuri:

1. Cresterea calitatii sudurilor prin mentinerea
pozitionarii pistoletului de sudare la aceleasi unghiuri
si prin pastrarea unei viteze constante pe toata du-
rata deruldrii procesului de sudare. in cazul sudarii
manuale, pe parcursul unui schimb mana sudorului
oboseste si nu mai poate pastra exact aceleasi un-
ghiuri de sudare, iar viteza de sudare nu mai poate
fi pastratd constantd ca in cazul sudérii robotizate. Tn
plus, la sudarea robotizata se pot folosi amplitudini
de pendulare ale pistoletului robotului reglabile (de
exemplu 1,0...5,0 mm) si frecvente de pendulare de
1...4 Hz, elemente care nu pot fi realizate de mana
sudorului.

2. Cresterea productivitatii operatiei de sudare: in
cazul sudarii robotizate se pot folosi viteze de su-
dare mult mai mari (50...80 cm/min) decéat in cazul
sudarii manuale (30...40 cm/min). Tn cazul sudarii
robotizate se pot utiliza manipulatoare programa-
bile care pozitioneaza piesa in pozitia optima de su-
darein 2...3 secunde si care scad mult timpii pentru
aceastA operatie fatd de sudarea manuald. Aceste
avantaje conduc la cresterea productivitdtii operatiei
de sudare robotizata cu procente cuprinse intre
150...200% fata de sudarea manuala.

3. Scaderea deformatiilor remanente ale pieselor
sudate robotizat prin alegerea si mentinerea unei
ordini corecte a trecerilor de sudare si prin folo-
sirea acelorasi parametri de sudare, conditii mai di-
ficil de realizat in cazul sudarii manuale. La sudarea
robotizatd se pot salva liste cu parametrii tehno-

be taken into account when robotizing welding pro-
cesses, challenges and problems that may arise dur-
ing the robotization of welding processes, as well as
some ways to approach and solve these problems.
At COMPA Sibiu, parts are made using MIG-MAG
robotic welding for renowned customers in the au-
tomotive industry (Toyota steering column compo-
nents, Mercedes tank tube assembly, BMW shock
absorber tube etc.) and for Haulotte lifting equip-
ment (arms, joints, axles, nacelles, tie rods etc.)
where the requirements for the appearance and
strength of the weld seams are very high.

The components are welded using eight CLOOS
welding robots and one ABB robot.

2. Advantages of robotic MIG/MAG

welding

Robotization of MIG/MAG welding processes com-
pared to manual welding leads to several advan-
tages:

1. Increasing the quality of welds by maintaining the
welding torch at the same angles and by maintaining
a constant speed throughout the welding process.
In the case of manual welding, during a shift the
welder's hand gets tired and can no longer maintain
exactly the same welding angles, and the welding
speed can no longer be kept constant as in the case
of robotic welding. In addition, in robotic welding,
adjustable robot torch oscillation amplitudes (e.g.
1.0...5.0 mm) and oscillation frequencies of 1...4 Hz
can be used, elements that cannot be achieved by
the welder's hand.

2. Increased productivity of the welding operation:
in the case of robotic welding, much higher weld-
ing speeds can be used (50...80 cm/min) than in the
case of manual welding (30...40 cm/min). In the case
of robotic welding, programmable manipulators can
be used that position the piece in the optimal weld-
ing position in 2...3 seconds and that significantly re-
duce the times for this operation compared to man-
ual welding. These advantages lead to an increase in
the productivity of the robotic welding operation by
percentages ranging between 150...200% compared
to manual welding.

3. Reducing the residual deformations of robotically
welded parts by choosing and maintaining a correct
order of welding passes and by using the same weld-
ing parameters, conditions that are more difficult to
achieve in the case of manual welding. In robotic
welding, lists of the necessary welding technologi-
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logici de sudare necesari, liste care vor fi apelate la
realizarea repetitiva a tipurilor respective de suduri,
robotul utilizand exact aceiasi parametri de sudare la
toate sudurile similare (de exemplu la sudarea unui
brat de instalatie de ridicat au fost folosite 30 de liste
de sudare diferite, pentru 30 de tipuri de suduri).
Folosirea mai multor liste de sudare optimizeaza
procesul de sudare si scade cantitatea de caldura
introdusd n piesa, rezultdnd deformatii mai mici. in
cazul sudarii manuale, sudorul nu modifica atat de
des parametrii de sudare, energia liniara introdusa
in piesa fiind, uneori, mai mare decat cea prescrisa
prin tehnologia aprobatd. Din experienta practicd a
rezultat ca, prin robotizarea proceselor de sudare,
deformatiile remanente de 5,0...7,0 mm rezultate in
mod curent la sudarea manuald au scazut la valori
de 1,0...2,0 mm.

4. imbunétatirea conditiilor de muncé prin robotiza-
rea sudarii: in cazul sudarii manuale, sudorul este
supus la diversi factori nocivi care pot sa 1i afec-
teze sdnatatea: radiatiile luminoase emise de arcul
electric pot sa 1i afecteze vederea sau sa 1i produca
arsuri la nivelul pielii daca sunt zone neprotejate
corespunzator, atingerea piesei supraincalzite in tim-
pul manipuldrii poate sa produca arsuri, fumul dega-
jat de arcul electric poate sa afecteze sudorul prin
inhalarea fumului emis la sudare care contine gaze
nocive (monoxid de azot) si microparticule, stropii de
sudurd pot s& provoace arsuri etc. In cazul sudarii ro-
botizate, operatorul sudor este protejat de panouri
sau perdele de actiunea daunatoarea a radiatiilor lu-
minoase sau infrarosii, manipularea piesei in timpul
operatiei de sudare este realizatd cu ajutorul unor
pozitionere programabile, stropii de sudura nu il mai
afecteazd, pistoletul de sudare este pozitionat de
catre robot, evitandu-se astfel aparitia oboselii din
cauza realizarii unor activitati repetitive obositoare,
fumul rezultat in procesul de sudare poate fi exhaus-
tat cu ajutorul unor hote si nu mai este inhalat de
catre sudor etc. Prin robotizarea operatiei de sudare
conditiile de munca se Tmbunatatesc semnificatiy,
operatorul sudor fiind ferit de actiunea unor factori
nocivi care in timp ar putea sa ii afecteze sanatatea.

3. Criterii care trebuie avute in vedere

la robotizarea proceselor de sudare

Cand se analizeaza daca un proces de sudare MIG/
MAG este potrivit pentru a fi robotizat trebuie avute
in vedere o serie de criterii:

a. Volumul productiei: robotizarea se preteaza pentru
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cal parameters can be saved, lists that will be used
to perform the respective types of welds repeatedly,
the robot using exactly the same welding parameters
for all similar welds (for example, when welding a lift-
ing installation arm, 30 different welding lists were
used, for 30 types of welds). Using multiple welding
lists optimizes the welding process and reduces the
amount of heat introduced into the part, resulting in
smaller deformations. In the case of manual weld-
ing, the welder does not modify the welding param-
eters so often, the linear energy introduced into the
part being, sometimes, higher than that prescribed
by the approved technology. Practical experience
has shown that, by robotizing welding processes,
the residual deformations of 5.0...7.0 mm currently
resulting from manual welding have decreased to
values of 1.0...2.0 mm.

4. Improving working conditions through welding ro-
botization: in the case of manual welding, the welder
is subjected to various harmful factors that can affect
his health: the light radiation emitted by the electric
arc can affect his eyesight or cause burns to the skin
if the areas are not properly protected, touching the
overheated part during handling can cause burns,
the smoke emitted by the electric arc can affect the
welder by inhaling the smoke emitted during weld-
ing which contains harmful gases (nitrogen monox-
ide) and microparticles, welding spatter can cause
burns etc. In the case of robotic welding, the weld-
ing operator is protected by panels or curtains from
the harmful effects of light or infrared radiation, the
manipulation of the piece during the welding opera-
tion is carried out using programmable positioning,
welding spatter no longer affects him, the welding
torch is positioned by the robot, thus avoiding fa-
tigue due to performing tiring repetitive activities,
the smoke resulting from the welding process can
be exhausted using hoods and is no longer inhaled
by the welder etc. By robotizing the welding opera-
tion, working conditions are significantly improved,
the welding operator being protected from the ac-
tion of harmful factors that could affect his health
over time.

3. Criteria to consider when robotiz-
ing welding processes

When analysing whether a MIG/MAG welding pro-
cess is suitable for robotics, a series of criteria must
be taken into account:

a. Production volume: robotization is suitable for



piese care se realizeaza in serie mare, mijlocie sau mica
si nu se preteaza pentru productia de piese unicat. Tim-
pul de programare al unui robot de sudare pentru re-
alizarea unei piese este destul de mare si de aceea se
recomanda robotizarea reperelor care se realizeaza in
numar mai mare, nu in productie de unicate.

b. Precizia dimensionald a reperelor si a dispozitive-
lor de sudare: pentru a rezulta suduri de calitate,
reperele care se robotizeaza trebuie sa aiba o pre-
cizie dimensionald buna (unghiurile de sanfrenare
sa fie constante, rostul dintre piesele sudate cap
la cap sa fie constant si corect ales, repetitivitatea
pozitionarii sa fie bunad). Robotii de sudare moderni
au senzori tactili sau laser cu care pot sa determine
si sa compenseze abateri ale pozitionarii piesei dar
se recomandad o pozitionare cat mai precisa a repe-
relor sudate robotizat.

c. Pregdtirea personalului care va programa, regla
parametrii tehnologici si exploata robotii de sudare:
personalul care va programa si parametriza robotii
de sudare trebuie sa aiba cunostinte bune despre
modul de programare a robotilor de sudare, despre
miscarile pe care robotii pot sa le faca, despre para-
metrii de sudare si influenta acestora asupra proce-
sului de sudare, despre imperfectiunile si defectele
care pot sa apard si despre modalitatile de preve-
nire a aparitiei acestor defecte, despre modul de
intretinere si mentenantad a robotilor de sudare.

4. Probleme specifice care pot aparea
in timpul procesului de robotizare -
abordare si solutionare

La stabilirea tehnologiei de sudare robotizata trebuie
sa se tina cont de o serie de factori care pot sa afecte-
ze rezultatul final — obtinerea de suduri conforme,
care sa respecte specificatiile referitoare la aspectul
exterior (lungimea si grosimea sudurii, unghiuri-
le de racordare, aspectul regulat, supraindltarea,
umplerea craterului final etc.) sau la rezistenta su-
durii (adancimea de patrundere, lungimea catetei
cu 0 anumitd adancime de patrundere impusa, lipsa
defectelor de tipul fisurilor, crestaturilor marginale,
porilor, suflurilor etc).

Tn continuare sunt analizati o serie de factori care
pot sa influenteze calitatea sudurilor realizate si sunt
prezentate metode de rezolvare ale problemelor care
pot sa conduca la obtinerea de rezultate negative:

1. Starea suprafetei reperelor care urmeaza a fi su-
date: pentruaobtine suduriconforme este necesarca
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parts that are made in large, medium or small se-
ries and is not suitable for the production of unique
parts. The programming time of a welding robot to
make a part is quite long and therefore it is recom-
mended to robotize parts that are made in larger
numbers, not in the production of unique parts.

b. Dimensional accuracy of the parts and welding
devices: to obtain quality welds, the parts that are
robotized must have good dimensional accuracy
(the chamfering angles must be constant, the gap
between the parts welded end to end must be con-
stant and correctly chosen, the repeatability of the
positioning must be good). Modern welding robots
have tactile or laser sensors with which they can
determine and compensate for deviations in the
positioning of the part, but it is recommended to
position the parts welded robotized as precisely as
possible.

c. Training of personnel who will program, set the
process parameters and operate welding robots:
personnel who will program and parameterize weld-
ing robots must have good knowledge of how to pro-
gram welding robots, of the movements that robots
can make, of welding parameters and their influence
on the welding process, of the imperfections and de-
fects that may occur and of the ways to prevent the
occurrence of these defects, of how to maintain and
repair welding robots.

4. Specific problems that may arise
during the robotization process - ap-
proaching and solving

When establishing the robotic welding technology, a
series of factors must be taken into account that may
affect the final result - obtaining compliant welds
that comply with the specifications regarding the ex-
ternal appearance (length and thickness of the weld,
connection angles, regular appearance, overhang,
filling of the final crater etc.) or the weld strength
(penetration depth, length of the leg with a certain
imposed penetration depth, lack of defects such as
cracks, marginal notches, pores, blowouts etc.).
Next, a series of factors that can influence the qual-
ity of the welds performed will be analysed and
methods for solving problems that can lead to nega-
tive results will be presented:

1. Surface condition of the parts to be welded: in
order to obtain compliant welds, it is necessary
that the surface of the parts be clean, free of oils,
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suprafata reperelor sa fie curata, fard uleiuri, grasimi,
vaselind, vopsea, apa, oxizi, spray antistropi in exces,
etc. Prezenta uleiului sau a altor substante grase pe
suprafata reperelor care urmeaza a fi sudate roboti-
zat poate sa conducad la aparitia de imperfectiuni
de tipul porilor sau suflurilor In materialul sudurii.
Prezenta apei pe suprafata pieselor care urmeaza
a fi sudate poate sa conduca la initierea de fisurari
la rece datoritd cantitatii mari de hidrogen difuzibil
care poate sa ajunga in imbinarea sudata. Trebuie
luate masuri si trebuie prevazut in tehnologia de su-
dare sa se verifice temeinic starea suprafetei repere-
lor Tnainte de sudare si sa nu se sudeze repere care
au pe suprafata substantele amintite anterior (ulei,
grasimi, vaselind, apa, vopsea, oxizi etc);

2. Rostul dintre componentele care urmeaza a fi su-
date robotizat: in cazul in care rostul dintre reperele
care urmeaza a fi sudate robotizat este prea mare,
existd pericolul strdpungerii rostului, iar materialul
topit s3 patrundd citre partea opusa a piesei. in une-
le cazuri aceastd imperfectiune nu este acceptata, iar
piesa respectiva este rebut. Pentru a preveni aparitia
acestui defect trebuie stabilit rostul maxim admis pen-
tru reperul respectiv. De exemplu, pentru piese din
componenta coloanei de directie Toyota, realizate din
tabla de grosime 2,0 mm, rostul maxim admis avea o
deschidere la radacind de 0,3 mm. Dupa montarea si
strangerea piesei in dispozitivul de sudare se verifica
cu o lerda de grosime 0,3 mm deschiderea dintre
piese. Tn cazul in care deschiderea la rid3cing era mai
mare de 0,3 mm, piesele respective nu se sudau si se
realizau analize pentru stabilirea cauzelor care au con-
dus la aparitia unei deschideri mai mari de 0,3 mm,
in special la operatiile de decupare, indoire, stantare.
Pentru alte repere rostul maxim admis se calcula cu
formula din SR EN ISO 5817 (Niveluri de calitate pen-
tru imperfectiuni) clasa B:

(pentru grosimea reperelor mai mici 3,0 mm) sau

h<02mm+01-a (1)

dar maxim 2,0 mm (2)

h < 05mm+0,1-a,pentru grosimea reperelor
mai mari de 3,0 mm).

3. Pozitionarea optima a sarmei-electrod pentru
obtinerea adancimii maxime a sudurii la sudarea
robotizata: pentru obtinerea unei patrunderi bune
a sudurii la repere din industria autovehiculelor sau
pentru piese componente ale instalatiilor de ridicat
care au cerinte exprese referitoare la adancimea
minima de patrundere a sudurii este foarte impor-
tant locul unde este pozitionatd sarma de sudare. In
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greases, petroleum jelly, paint, water, oxides, ex-
cess anti-splash spray, etc. The presence of oil or
other oily substances on the surface of the parts to
be welded robotically may lead to the appearance
of imperfections such as pores or voids in the weld
material. The presence of water on the surface of
the parts to be welded may lead to the initiation of
cold cracks due to the large amount of diffusible
hydrogen that may reach the welded joint. Meas-
ures must be taken and provision must be made
in the welding technology to thoroughly check the
surface condition of the parts before welding and
not to weld parts that have the substances men-
tioned above on their surface (oil, grease, petro-
leum jelly, water, paint, oxides etc.);

2. The distance between the bevel of the com-
ponents to be welded robotically: if the distance
between the parts to be welded robotically is too
large, there is a risk of the joint piercing and the
molten material penetrating to the opposite side
of the part. In some cases, this imperfection is not
accepted and the respective part is rejected. To
prevent this defect from occurring, the maximum
permissible joint for the respective part must be
established. For example, for parts of the Toyota
steering column, made of 2.0 mm thick sheet met-
al, the maximum permissible joint had a root open-
ing of 0.3 mm. After mounting and tightening the
part in the welding device, the opening between
the parts is checked with a 0.3 mm thick ruler. If
the root gap was greater than 0.3 mm, the respec-
tive parts were not welded and analyses were per-
formed to determine the causes that led to the ap-
pearance of a gap greater than 0.3 mm, especially
during cutting, bending, stamping operations. For
other parts, the maximum allowed gap was calcu-
lated with the formula from SR EN ISO 5817 (Qual-
ity levels for imperfections) class B:

h<02mm+01-a (1)

(for thickness of marks smaller than 3.0 mm) or
h < 05mm+0,1-a,butlessthan2.0mm (2)
(for mark thicknesses greater than 3.0 mm).

3. Optimal positioning of the electrode wire for
maximum weld depth in robotic welding: to achieve
good weld penetration in automotive components
or for components of lifting installations that have
express requirements regarding the minimum weld
penetration depth, the location of the welding wire
is very important. After performing thousands of
weld penetration tests, it turned out that in corner
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urma realizarii a mii de teste de patrundere a sudurii a
rezultat faptul cd la imbindrile de colt sudate in pozitia
PB sdrma de sudare trebuie pozitionatd pe tabla
orizontald, la o anumita distanta de tabla verticala.
Distanta fata de tabla verticala depinde de grosimea
componentelor. Astfel, pentru sudarea robotizatd a
unor repere de grosime 2,0 mm pentru industria au-
tovehiculelor, distanta optima fata de tabla verticala
la care s-a obtinut cea mai buna patrundere a sudurii
a fost de 0,5 mm. Reperele din exemplul prezentat
(Cutia antivol din cadrul coloanei de directie Toyota)
sunt realizate din materialul DCO3 / 1.0347 (SR EN
10130:2007 Produse plate laminate la rece din otel
cu continut scdzut de carbon pentru formare la rece
- Conditii tehnice de livrare), iar imbinarea realizata
este in colt. Pentru exemplul ales, patrunderea
minima impusa a sudurii este de 0,3 mm in fiecare
componentd (cerinta client).

Probele de sudare au fost realizate cu o celuld
robotizata CLOOS Romat 320 (figura 1) dotata cu o
sursa de sudare sinergica si un dispozitiv specializat
(figura 2), folosind urmatorii parametri de sudare:

- polaritatea curentului: curent continuu, polaritate
inversa (CC+ ,+” la sarma-electrod);

- pozitia de sudare: PB (orizontala cu perete vertical) —
conform SR EN ISO 6947;

- gazul de protectie folosit: Grupa M2.1 conform SR
EN ISO 14175 - 82% Ar + 18% CO2;

- sarma de sudare folosita: marca G3Si1 EN ISO
14341-A diametru 0,8 mm;

Figura 1. Robotul CLOOS ROMAT 320 cu care se sudeazd
reperul Cutia antivol din cadrul coloanei de directie Toyota
Figure 1. CLOOS ROMAT 320 robot used to weld the anti-
theft box part of the Toyota steering column

- viteza de sudare: 50 cm/min;
- lungimea libera a sarmei-electrod (distanta dintre
capatul duzei de curent si capatul sarmei): 10 mm;

joints welded in the PB position, the welding wire
must be positioned on the horizontal plate, at a cer-
tain distance from the vertical plate.

The distance from the vertical plate depends on the
thickness of the components. Thus, for robotic weld-
ing of 2.0 mm thick automotive components, the
optimal distance from the vertical plate at which the
best weld penetration was obtained was 0.5 mm.
The parts in the example shown (Toyota steering col-
umn lock box) are made of DCO3 / 1.0347 material
(SR EN 10130:2007 Cold rolled low carbon steel flat
products for cold forming- Technical delivery condi-
tions), and the joint made is in the corner. For the
chosen example, the minimum required weld pen-
etration is 0.3 mm in each component (customer
requirement).

The welding tests were performed with a CLOOS Ro-
mat 320 robotic cell (figure 1) equipped with a syn-
ergic welding source and a specialized device (figure
2), using the following welding parameters and their
declared values:

- current polarity: direct current, reverse polarity
(DC+ "+" to the electrode wire);

- welding position: PB (horizontal with vertical wall)
—according to SR EN ISO 6947;

- shielding gas used: Group M2.1 according to SR EN
ISO 14175- 82% Ar + 18% CO2;

- welding wire used: brand G3Sil EN ISO 14341-A
diameter 0.8 mm;

Figura 2. Dispozitivul de sudura al
reperului Cutia antivol
Figure 2. The welding device of
the anti-theft box

- welding speed: 50 cm/min;
- free length of the electrode wire (distance between the
front end of the current nozzle and the wire-end): 10 mm;
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- unghiul de inclinare al pistoletului pe directia de
sudare: tras (15° fata de normala la suprafata);

- unghiul de inclinare al pistoletului perpendicular
pe pozitia de sudare: 45°.

Au fost realizate o serie de teste de sudare robotizatd
pentru stabilirea pozitiei optime a sarmei electrod
cu care se obtine adancimea maxima de patrundere
a sudurii iIn ambele componente.

Parametrul ales pentru testare a fost distanta de
pozitionare a sarmei-electrod fatda de intersectia la
90° a celor doua componente.

Testele au fost realizate pozitionand varful sarmei de
sudare cu ajutorul robotului la:
-2,0/1,5/1,0/0,8/0,6/0,4/0,2 mm de imbinare
pe componenta A;

-inimbinare;
-0,2/0,4/06/0,8/1,0/1,5/2,0mm deimbinare
pe componenta B;

Pe grafic au fost marcate patrunderile masurate la
fiecare test in parte:

- pe grafic, pe linia orizontala a fost marcat ca punc-
tul ,0” intersectia la 90° a celor douda componente;
- pe linia orizontala au fost marcate spre stanga (de
la 0 la minus 2) pozitiondrile sarmei-electrod pe
componenta 1 (Placuta), iar spre dreapta (de la zero
la 2) pozitionarile sarmei-electrod pe componenta 2
(Bucsa);

- cu un romb au fost marcate valorile adancimilor de
patrundere a sudurii in componenta 1 ("Placuta”);

- cu un ,x” au fost marcate valorile adancimilor de
patrundere a sudurii in componenta 2 (,,Bucsad”);

- pe grafic a fost incadrat cu linii rosii punctate inter-
valul Tn care patrunderea sudurii este cea mai buna
(-0,6)...(-0,4).

Rezultatele testelor de patrundere a sudurii sunt in-
registrate in graficul din figura 3, iar interpretarea re-
zultatelor obtinute este prezentata in tabelul 1.

Tn urma interpretérii rezultatelor obtinute (figura 4)
s-a concluzionat ca cea mai buna patrundere a su-
durii se obtine pozitionand sarma-electrod (figura 5)
pe componenta orizontald 1 (Placuta), la o distanta
de 0,5 mm fata de componenta verticala 2 (Bucsa).
Pentru repere cu grosimi maimari (6,0...8,0 mm) este
recomandat ca sarma de sudare sa fie pozitionatd pe
tabla orizontald la o distanta de 1,0 mm de tabla
verticala.

Tn cazul reperelor de grosimi si mai mari (15,0...20,0
mm) este recomandat ca sarma de sudare sa fie
pozitionata pe tabla orizontala la o distantd de
1,5...2,0 mm de tabla verticala.
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- the angle of inclination of the torch in the welding
direction: pulled (15° from the vertical);

- the angle of inclination of the torch perpendicular
to the welding position: 45°.

A series of robotic welding tests were performed to
establish the optimal position of the electrode wire
to achieve maximum weld penetration depth in both
components.

The parameter chosen for testing was the position-
ing distance of the wire-electrode from the 90° in-
tersection of the two components.

The tests were performed by positioning the tip of
the welding wire with the help of the robot at:
-20/15/1.0/08/0.6/0.4/0.2 mm joint on
component A;

- in the joint;
-02/04/06/08/1.0/15/2.0mm joint on
component B;

The penetrations measured in each test were
marked on the graph:

-onthe graph, on the horizontal line, the 90° intersec-
tion of the two components was marked as point "0";
- on the horizontal line, the positions of the wire-
electrode on component 1 (Plate) were marked to
the left (from 0 to minus 2), and to the right (from
zero to 2) the positions of the wire-electrode on
component 2 (Bush);

- with a diamond, the values of the weld penetra-
tion depths in component 1 (called "Plate") were
marked;

-with an "x" the values of the weld penetration depths
in component 2 (called "Bushing") were marked;

- on the graph, the interval in which the weld penetration
is best (-0.6)...(-0.4) was framed with dotted red lines.
The results of the weld penetration tests are record-
ed in the graph in figure 3, and the interpretation of
the results obtained is presented in table 1.
Following the interpretation of the results obtained (fig-
ure 4), it was concluded that the best weld penetration
is obtained by positioning the wire-electrode (figure 5)
on the horizontal component 1 (Plate), at a distance of
0.5 mm from the vertical component 2 (Bushing).

For parts with larger thicknesses (6.0...8.0 mm) it is
recommended that the welding wire be positioned
on the horizontal sheet at a distance of 1.0 mm from
the vertical sheet.

In the case of parts of even greater thickness
(15.0...20.0 mm) it is recommended that the weld-
ing wire be positioned on the horizontal sheet at a
distance of 1.5...2.0 mm from the vertical sheet.
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Figura 3. Alegerea pozitionarii optime a sarmei-electrod pen-
tru obtinerea patrunderii maxime a sudurii
Figure 3. Choosing the optimal positioning of the wire elec-
trode to obtain maximum weld penetration

Figura 4. Reper de grosime 8 mm sudat robotizat cu
pozitionarea sarmei 1 mm pe tabla orizontala
Figure 4. Robotically welded 8 mm thickness mark with 1 mm
wire positioning on horizontal sheet

4. Stabilirea unei intensitati a curentului de sudare
corecte care sa asigure o patrundere buna a su-
durii: unul dinte cei mai importanti parametrii de
la sudarea robotizata MIG-MAG, de care depinde
adancimea de patrundere a sudurii, este intensi-
tatea curentului de sudare. Intensitatea curentului
impreuna cu tensiunea arcului dau puterea arcu-
lui electric respectiv, iar patrunderea sudurii este
proportionala cu puterea arcului [1].

Tn urma testelor realizate s-a confirmat faptul c§,
pentru a obtine o anumitd patrundere a sudurii,
arcul electric trebuie sa aiba o anumita putere,
dependenta de grosimea componentelor sudate.
Astfel, pentru o grosime a componentelor de 2,0 mm
a rezultat cd este nevoie de o intensitate a curentului
de sudare de 130 A, corespunzatoare unei viteze de
avans a sarmei cu diametrul 0,8 mm de 8,5 m/min
si o tensiune a arcului de 19,2 V. n tabelul 2 sunt
prezentate rezultatele testelor de verificare a adan-

Tabelul 1. Valorile patrunderii sudurii Tn urma testelor cu

diverse pozitionari ale sarmei de sudare

Tabel 1. Weld penetration values from tests with various

welding wire positions

N Pozitionare |Patrunderea sudurii in| Patrunderea sudurii
" sarma componenta 1 in componenta 2
crt.
(mm) (mm) (mm)
Wire Weld penetration into| Weld penetration
No. | positioning component 1 into component 2
(mm) (mm) (mm)
1 -2,0 1,1 0
2 -1,5 0,9 0
3 -1,0 0,8 0,1
4 -0,8 0,7 0,2
5 -0,6 0,6 0,4
6 -0,4 0,6 0,5
7 -0,2 0,3 0.7
8 0 0,2 0,9
9 0,2 0,1 1,3
10 0,4 0 1,4
11 0,6 0 1,5
12 0,8 0 1,6
13 1 0 1,6
14 1,5 0 1,8
15 2 0 1,9

Figura 5. Pozitionarea sarmei-electrod pe tabla orizontala la 1
mm de tabla verticald
Figure 5. Positioning the wire-electrode on the horizontal
plate 1 mm from the vertical plate

4. Setting the correct welding current intensity to
ensure good weld penetration: one of the most im-
portant parameters in MIG-MAG robotic welding, on
which the weld penetration depth depends, is the
welding current intensity. The welding current inten-
sity together with the arc voltage give the power of
the respective electric arc, and the weld penetration
is proportional to the arc power [1].

The tests confirmed that, in order to achieve a cer-
tain weld penetration, the electric arc must have a
certain power, depending on the thickness of the
welded components.

Thus, for a component thickness of 2.0 mm, a
welding current intensity of 130 A is required,
corresponding to a wire feed speed of 8.5 m/min
with a diameter of 0.8 mm and an arc voltage of
19.2 V.

Table 2 presents the results of the weld penetration
depth verification tests for a 2 mm thick part, mate-
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cimii de patrundere a sudurii pentru un reper cu gro-
simea de 2 mm, material DCO3 (SR EN 10130), sudat
in pozitia PB (SR EN ISO 6947), sarma de sudare plina
G3Sil1 (SG2) SR EN ISO 14341-A diametru 0,8 mm,
lungimea liberd a sarmei 10 mm, unghi de tragere cu
orizontala 80°, unghi de inclinare a pistoletului 45°.
Testele de sudare au fost realizate modificand doar
parametrul viteza de avans a sarmei electrod (Au
fost realizate 11 teste cu viteze de avans a sarmei
variate in intervalul 7-10 m/min), ceilalti parametrii
fiind mentinuti constanti.

Dupa realizarea probelor de sudare piesele au fost
debitate, probele de analizd fiind apoi slefuite si
atacate cu reactiv metalografic Nital 6%. La micro-
scop a fost masurata adancimea de patrunderea a
sudurii, iar rezultatele au fost trecute in tabelul 2. Tn
urma interpretarii rezultatelor obtinute s-a constatat
ca patrunderea optima se obtine cu o intensitate a
curentului de sudare de ~ 130 A, corespunzatoare
unei viteze de avans a sdrmei de 8,5 m/min.

rial DCO3 (SR EN 10130), welded in the PB position
(SR EN 1SO 6947), solid welding wire G3Si1 (SG2) SR
EN ISO 14341-A diameter 0.8 mm, free wire length
10 mm, draw angle to the surface of the piece 80°,
torch inclination angle 45°.

The welding tests were performed by modifying only
the electrode wire feed speed parameter (11 tests
were performed with varying wire feed speeds in
the range of 7-10 m/min.), the other parameters be-
ing kept constant.

After the welding tests, the pieces were cut, the
analysis samples were then ground and etched with
Nital 6% metallographic reagent. The penetration
depth of the weld was measured under a micro-
scope, and the results were listed in Table 2. Follow-
ing the interpretation of the results obtained, it was
found that the optimal penetration is obtained with
a welding current intensity of ~ 130 A, correspond-
ing to a wire feed speed of 8.5 m/min.

Tabelul 2. Valorile patrunderii sudurii in urma testelor cu diverse pozitionari ale sarmei de sudare
Tabel 2. Weld penetration values from tests with various welding wire positions

Viteza de avans Intensitatea curentului Tensiunea Patrundere in Patrundere n

Nr. crt. sarma de sudare arcului placuta bucsa
(m/min) (A) (V) (mm) (mm)

Wire feed Welding current Arc Penetration into Penetration into

No. speed intensity voltage the plate the bush

(m/min) (A) (V) (mm) (mm)
1 7,0 110 18,4 0,40 0,35
2 7,3 112 18,6 0,42 0,39
3 7,6 116 18,7 0,50 0,40
4 7,9 125 18,8 0,58 0,42
5 8,2 129 18,9 0,62 0,52
6 8,5 131 19,2 0,68 0,60
7 8,8 135 19,7 0,65 0,53
8 9,1 138 20,5 0,73 0,55
9 9,4 140 20,9 0,76 0,93
10 9,7 144 21,5 0,80 1,10
11 10,0 148 21,9 1,20 0,80

Tn cazul utilizarii unui regim cu o putere a arcului
prea mica exista riscul sa se obtind o patrundere
insuficientda, mai mica decéat cea impusa de normele
clientului. De exemplu, pentru o piesa din materialul
S355J2+N, de grosime 6,0 mm, pozitie de sudare PB,
au fost realizate teste cu o intensitate a curentului
de sudare de 200 A, iar patrunderea sudurii a fost de
0,5 mm sau chiar mai micd, insuficientd comparativ
cu patrunderea minima impusa 0,9 mm (figura 6). O
patrundere conforma a fost obtinutd cu un regim de
270 A (figura 7).

In cazul unor repere de grosime mai mare (de
exemplu 20 mm), tot din materialul S355 J2 + N,
o patrundere bund a sudurii a fost obtinuta cu un
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If a regime with too low an arc power is used, there
is a risk of obtaining insufficient penetration, lower
than that required by the customer's standards. For
example, for a piece made of S355J2+N material, 6.0
mm thick, PB welding position, tests were carried
out with a welding current intensity of 200 A, and
the weld penetration was 0.5 mm or even lower, in-
sufficient compared to the minimum required pen-
etration of 0.9 mm (figure 6).

A compliant penetration was obtained with a regime
of 270 A (figure 7).

In the case of thicker parts (e.g. a 20 mm thickness
of the plates), also made of S355 J2 + N material,
good weld penetration was obtained with a higher
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Figura 6. Patrundere insuficientd din cauza folosirii unui
regim cu o putere prea micd la un reper de grosime 6 mm
Figure 6. Insufficient penetration due to using a power set-

ting that is too low on a 6 mm thick target
regim cu o putere a arcului mai mare, creatd cu o
intensitate a curentului de sudare de 330 A si o ten-

siune a arcului de 30,5 V (figura 8).

Figura 7. Patrundere conforma a sudurii datorita folosirii unui
regim cu o putere a arcului corecta la un reper de grosime 6 mm
Figure 7. Insufficient penetration due to using a power set-
ting that is too low on a 6 mm thick target
arc power regime, created with a welding current in-

tensity of 330 A and an arc voltage of 30.5 V (figure 8).

Figura 8. Patrunderea conforma a sudurii in cazul unui reper de grosime 20 mm
sudat cu o intensitate a curentului de sudare de 330 A
Figure 8. Correct weld penetration for a 20 mm thick workpiece welded with a
welding current of 330 A

5. Metode de asigurare a avansului constant al sdrmei
— electrod la sudare robotizata MIG/MAG: un factor
foarte important pentru desfdsurarea in bune conditii
a procesului de sudare robotizata MIG/MAG este un
avans constant al sarmei-electrod [2]. Pe parcursul
procesului de sudare robotizata pot sa apara anumiti
factori perturbatori care sa influenteze negativ
desfasurarea procesului de sudare, iar avansul sarmei
sa devina inconstant. O vitezd de avans al sarmei
inconstanta va conduce la aparitia de imperfectiuni si
chiar defecte de sudura: suduri cu grosime variabila,
crestaturi marginale, arsuri, lipsa de patrundere etc.

O cauzd a avansului inconstant al sarmei este
cresterea fortelor de frecare a sarmei prin tubul
de ghidare care face legatura dintre dispozitivul de
avans al sarmei si pistoletul robotului. Acest lucru este

5. Methods for ensuring constant wire-electrode
feed in MIG/MAG robotic welding: a very important
factor for the proper operation of the MIG/MAG ro-
botic welding process is a constant wire-electrode
feed [2].

During the robotic welding process, certain disturb-
ing factors may occur that negatively influence the
welding process and the wire feed may become in-
consistent. An inconsistent wire feed speed will lead
to imperfections and even welding defects: welds
with variable thickness, lateral undercuts, local
burns of the material, lack of penetration etc.

One cause of inconsistent wire feed is the increase in
wire friction forces through the guide tube that con-
nects the wire feed device to the robot torch. This is
caused by the fact that copper filings that exfoliate
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cauzat de faptul ca in interiorul arcului spiralat care
conduce sarma poate sa ajunga pilitura de cupru care
se exfoliaza de pe sarma, murdarie, praf etc.

Metoda de verificare a fortei de frecare a sarmei prin
arcul spiralat este urmatoarea:

- se deblocheaza rolele de la dispozitivul de avans
sarma, astfel Tncat sarma sa circule libera prin pa-
chetul de furtunuri

- se monteaza un dinamometru la capatul sarmei
care iese din pistoletul de sudura

- un operator sudor imobilizeaza pistoletul robotu-
lui, iar altul trage de dinamometru si verifica forta de
inaintare a sarmei prin arcul spiralat.

- dacd forta de Tnaintare a sarmei prin pachetul de
furtunuri este mai mare de 70 N [3] inseamna ca
fortele de frecare din tubul de ghidare (arcul spi-
ralat) sunt prea mari, asadar arcul spiralat este foarte
murdar si trebuie curatat sau inlocuit.

- dacd forta de Tnaintare a sarmei prin pachetul de
furtunuri este mai mica de 70 N Tnhseamna ca arcul
spiralat este curat si mai poate fi folosit.

Acest test ar trebui realizat saptamanal, iar n
functie de gradul de exfoliere a peliculei de cupru
de pe sarma de sudura ar trebui stabilit si un inter-
val de inlocuire a arcului spiralat (din experienta se
recomanda un interval de utilizare, pana la schim-
bare, de 30 de zile).

Un alt factor care poate sa conduca la cresterea fortelor
de frecare a sdrmei prin tubul de ghidare este curbura
prea mica a pachetului pachetului de furtunuri.
Pentruunavansbunalsarmei-electrod se recomanda
ca raza minima a pachetului de furtunuri sa fie de
500 mm. Acest lucru se poate realiza prin montarea
de elemente de echilibrare care sa sustind pachetul
de furtunuri la raze optime, mai mari de 500 mm.
Aceste echilibroare permit deplasarea pachetu-
lui de furtunuri in pozitia optima, iar in cazul iesirii
din pozitia optima readuc pachetul de furtunuri in
aceastd pozitie.

Un al treilea factor care poate perturba avansul con-
stant al sarmei-electrod este murddrirea rolelor de
avans sarma cu ulei, vaseling, praf, pilitura de cupru
etc. Se recomanda curatirea saptamanala a rolelor
de avans al sarmei si stergerea cu o carpa curata, ast-
fel incat sarma de sudare sa aiba un avans constant.
6. Metode de corectie a traiectoriei pistoletului ro-
botului la Tnceputul sudarii si pe parcursul derularii
procesului de sudare robotizata: din cauza abate-
rilor de la procesele de debitare, indoire, punctare
cu sudura, montare in dispozitivul de sudare este
posibil ca piesa sa nu fie pozitionata in acelasi loc.
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from the wire, dirt, dust etc. can get inside the steel
spiral spring that guides the welding wire.

The method for checking the friction force of the
wire through the spiral spring that guides the wire
is as follows:

- the rollers on the wire feed device are unlocked so
that the wire can flow freely through the hose pack-
age

- a dynamometer is mounted at the end of the wire
coming out of the welding torch

- a welding operator immobilizes the robot's torch,
and another pulls the dynamometer and checks
the wire feed force through the guide tube (spiral
spring).

- if the wire feed force through the hose package is
greater than 70 N [3], it means that the friction forc-
es in the guide tube are too high, so the spiral spring
is very dirty and must be cleaned or replaced.

- if the wire feed force through the hose package is
less than 70 N, it means that the wire feed will be
correct and the spiral spring can still be used.

This test should be performed weekly, and depend-
ing on the degree of exfoliation of the copper film
on the welding wire, a replacement interval for the
spiral spring should also be established (from own
experience, a 30-day usage interval before the re-
placement of the guide tube is recommended).
Another factor that can lead to increased wire fric-
tion forces through the guide tube is too little curva-
ture of the hose bundle. For a good advance of the
wire-electrode, it is recommended that the mini-
mum radius of the hose package be 500 mm. This
can be achieved by installing balancing elements that
support the hose package at optimal radii, greater
than 500 mm. These balancers allow the movement
of the hose package to the optimal position, and in
case of departure from the optimal position, they
bring the hose package back to this position.

A third factor that can disrupt the constant advance
of the wire-electrode is the contamination of the
wire feed rollers with oil, grease, dust, copper filings
etc. It is recommended to clean the wire feed rollers
weekly and wipe them with a clean cloth so that the
welding wire has a constant advance.

6. Methods for correcting the robot torch trajectory
at the beginning of welding and during the robotic
welding process: due to deviations from the cutting,
bending, spot welding, mounting processes in the
welding device, the part may not be positioned in
the same place. In order for the start of welding to
be consistent, CLOOS robots are equipped with part
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Pentru ca Tnceputul sudarii sa fie conform, robotii
CLOOS sunt dotati cu senzori de palpare a pieselor
inainte de inceperea procesului de sudare, iar robotii
isi ajusteaza pozitionarea pistoletului la inceputul
sudarii in functie de rezultatul palparii respective.
Pe parcursul derularii procesului de sudare, in cazul
in care sunt abateri de pozitionare a piesei fata de
prima piesa programata, robotul va realiza corectia
traiectoriei robotului prin monitorizarea tensiunii
arcului electric. Corectiile traiectoriei sunt realizate
automat atat in plan orizontal cat si in plan vertical.
Metoda de corectie a traiectoriei pistoletului prin
monitorizarea tensiunii arcului este urmatoarea:

- dacd piesa este pozitionatd mai departe de pisto-
letul robotului, comparativ cu pozitia programata,
lungimea liberd a sarmei creste, intensitatea curen-
tului de sudare scade, iar tensiunea arcului creste
datoritd functiei de autoreglare; robotul sesizeaza
cresterea tensiunii arcului si se apropie de piesa
pana la atingerea valorii tensiunii corecte

- daca piesa este pozitionata mai aproape de pisto-
letul robotului fata de piesa programata, lungimea
libera a sarmei scade, intensitatea curentului de
sudare creste, iar tensiunea arcului scade; robotul
sesizeaza scadereatensiuniiarculuisiseindeparteaza
de piesa pana la atingerea valorii tensiunii corecte.

5. Concluzii

Robotizarea proceselor de sudare MIG/MAG a adus
beneficii semnificative, optimizand productia de
piese auto si echipamente de ridicat. Productivitatea
a crescut cu 150-200% datorita vitezelor de su-
dare superioare (50-80 cm/min) si manipulatoare-
lor programabile, reducand timpii de pozitionare
la 2-3 secunde. Calitatea sudurilor s-a imbunatatit
prin utilizarea a pand la 30 de liste de parametri
personalizati, asigurand constanta unghiurilor si
pendularea pistoletului, ceea ce a eliminat operatiile
de redresare si curatare a stropilor. Deformatiile re-
manente au scazut de la 5-7 mm la 1-2 mm, sporind
stabilitatea dimensionald a reperelor, esentiala pen-
tru clienti precum Toyota si Haulotte.

Siguranta operatorilor a fost semnificativ imbu-
natdtita prin protejarea Tmpotriva radiatiilor, fumului
toxic si arsurilor, robotii preluand sarcinile repeti-
tive. Provocarile, precum suprafetele contaminate
sau rosturile excesive, au fost abordate prin verificari
riguroase si stabilirea unor rosturi maxime (ex. 0,3
mm pentru 2 mm). Testele au optimizat pozitionarea
sarmei (0,5 mm de tabla verticald pentru table subtiri)

sensing sensors before the welding process begins,
and the robots adjust their torch positioning at the
beginning of welding depending on the result of the
wire touch sensing action.

During the robotic welding process, if there are de-
viations in the positioning of the part from the first
programmed part, the robot will correct the robot
trajectory by monitoring the electric arc voltage. The
trajectory corrections are performed automatically
in both the horizontal and vertical planes.

The method of correcting the torch trajectory by
monitoring the arc voltage is as follows:

- if the workpiece is positioned further from the ro-
bot torch, compared to the programmed position,
the free length of the wire increases, the welding
current intensity decreases, and the arc voltage in-
creases due to the self-adjustment function; the ro-
bot senses the increase in arc voltage and approach-
es the workpiece until the correct voltage value is
reached

-if the part is positioned closer to the robot torch than
the programmed part, the free length of the wire de-
creases, the welding current intensity increases, and
the arc voltage decreases; the robot senses the de-
crease in arc voltage and moves away from the part
until the correct voltage value is reached.

5. Conclusions

Robotization of MIG/MAG welding processes has
brought significant benefits, optimizing the pro-
duction of automotive parts and lifting equipment.
Productivity has increased by 150-200% thanks to
higher welding speeds (50-80 cm/min) and pro-
grammable manipulators, reducing positioning
times to 2—3 seconds. Weld quality has improved
by using up to 30 custom parameter lists, ensuring
angle consistency and torch swing, which has elimi-
nated straightening and spatter cleaning operations.
Residual deformations have decreased from 5-7
mm to 1-2 mm, increasing the dimensional stability
of the parts, essential for customers such as Toyota
and Haulotte.

Operator safety has been significantly improved by
protecting against radiation, toxic fumes and burns,
with robots taking over repetitive tasks. Challenges
such as contaminated surfaces or excessive joints
were addressed through rigorous checks and the es-
tablishment of maximum joints (e.g. 0.3 mm for 2
mm). Tests optimized the wire positioning (0.5 mm
from vertical sheet for thin sheets) and current (e.g.
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si curentul (ex. 130 A pentru 2 mm), reducand defecte
ca porii sau fisurile. Avansul constant al sarmei a fost
asigurat prin mentenanta, iar corectiile traiectoriei
prin senzori si monitorizarea tensiunii arcului.

Lucrarea evidentiaza necesitatea investitiilor in
roboti moderni si instruirea personalului pentru a
maximiza eficienta. Solutiile propuse, validate prin
zeci de teste, ofera un model pentru industria de su-
dare, reducand costurile si defectele, si aliniind pro-
cesele la standardele stricte ale productiei moderne.
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Profesorul Radu Bancila la 80 ani

Nascut la Timisoara in data de 21.04.1945 profesorul Radu Bancild a absolvit in
anul 1967 Facultatea de constructii de la Universitatea Politehnica Timisoara (UPT),
institutie Tn care a activat pand in anul 2012, parcurgand toate treptele ierarhiei uni-

Crescut la scoala academicianului Dan Mateescu, care i-a fost si coordonator stiintific
al tezei de doctorat sustinute Tn anul 1981, profesorul Bancila a fost, fara indoiala,
un demn urmas al magistrului sdu. S-a dedicat constructiilor metalice, in mod spe-
cial podurilor metalice de cale ferata si sosea, devenind un specialist de notorietate

Tn decursul timpului a functionat ca profesor invitat la o serie de universititi de prestigiu din Europa ca TU Graz
(Austria), ETZ (Elvetia) sau TU Muenchen (Germania).
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