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1. Despre fizica arcului: masurarea
proprietatilor

1.1. Momentul si influenta sa asupra formarii geometriei
sudurii

Relatia dintre transferul de metal si caracteristicile operationale
ale procesului MIG/MAG sunt deja cunoscute. Studiile efectuate
asupra transferului de metal sunt analizate suficient. Totusi, un
fenomen ce a fost studiat intens, i inca nu complet clarificat in
cazul sudarii MIG/MAG este efectul picaturii la transfer asupra
formarii cordonului de sudura. Exista o larga recunoastere privind
importanta energiei picaturii transmisa baii de sudare, dar literatura
de specialitate nu a clarificat incd modul in care aceasta energie
trebuie exprimata sau cuantificata. Un transfer metalic cu picaturi
de dimensiuni mari poate avea un moment mare (M), dar nu va
exercita, in mod necesar, o actiune semnificativa asupra adancimii
de patrundere.

Momentul este adesea considerat ca factorul ce guverneaza
formarea geometriei cordonului de sudurd, dar nu se specifica
relatia sa cu timpul i volumul actiunii picaturii.

Intr-o lucrare recenta [1], cercetatorii grupului de sudare
numit Laprosolda au evaluat tehnicile si metodele de a mari
caracteristicile cinematice si dinamice ale picaturii la transfer.
Intr-o alta lucrare [2], evaluarea metodologiei a fost realizata
utilizand gaz de protectie pentru otel carbon. Intr-o alta lucrare
[3], s-a stabilit diferenta privind comportarea transferului de
metal referitor la momentul dintre sdrmele din otel carbon si
aluminiu.

1.1.1. Conceptul momentului efectiv

Parametrul propus pentru calculul efectului momentului in
formarea cordonului de sudurd a luat in considerare
caracterizarea picaturii in transfer (geometric si cinematic).
Cunoscand diametrul picaturii (in consecinta masa) si viteza
sa, cand se izbeste de suprafata baii, este posibil sa se determine
principala caracteristica dinamica a picaturilor, caracteristica
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1. On the arc physics: properties
measurement

1.1. Momentum and its influence on bead geometry
formation

The relationship between metal transfer and operational
characteristics of the MIG/MAG process is already reasonably
known. Studies on metal transfer are quite explored. However,
a phenomenon which has been intensively studied, yet not
utterly clarified for MIG/MAG welding, is the effect of the
droplet under transfer on the bead formation. There is wide
recognition of the importance of the droplet energy delivered
to the weld pool, but the literature has not made clear yet how
this energy should be expressed and quantified. A metallic
transfer with droplets of great dimensions can have a great
momentum (M), but it will not necessarily exercise a significant
action on the bead penetration.

Momentum is frequently referred as governing factor on
the bead geometry formation, but the claimers do not state its
relationship with time and volume of droplet action.

In a recent work [1], researchers of the welding group
named Laprosolda evaluated techniques and methodologies
to raise kinematic and dynamic characteristics of the droplets
under transfer. In another work [2], the evaluation of the
methodology was carried out using carbon steel shielding
gas. In a further work [3], the difference in metal transfer
behaviors related to the momentum between carbon steel and
aluminum wires was established.

1.1.1. The concept of effective momentum

The proposed parameter to compute the momentum effect
on bead formation took into account a droplet-in-transfer
characterization (geometric and kinematic). Knowing the
droplet diameter (consequently the mass) and its speed when
impinging on the pool surface, it is possible to determine the
main dynamic characteristic of the droplets that could
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care ar putea influenta formarea cordonului de sudura, adica
momentul (viteza masei x), asa cum arata ecuatia 1:

3

M = pTE %*Sarr[val [kg*m*sil] (1)

unde ,,M” este momentul, ,,p” densitatea metalului, ,,d”
diametrul picaturii $i,,S,,.q Viteza efectiva cu care picatura
ajunge la baia de sudare, in unitati ale SI.

Totusi, o reprezentare fizicd mai buna a actiunii picaturii
(migcarea intermitentd a masei) asupra baii de sudare ar fi produsul
momentului ori frecventa (f) cu care picéturile ating baia.

Acest parametru este reprezentat de ecuatia 2 si a fost numit
aici viteza momentului (Q,,,.). Asa cum indica unitatea, Q, .
este forta cu care picaturile lovesc metalul topit.

M, =M=*f [N] @)

rate

Fara indoiala, deoarece M, este o forta discreta, efectul
picaturii asupra baii va fi transferat atunci cand aceasta forta
actioneaza in aceeasi zond. Astfel, daca aceastd cantitate
mentionatd este impartita la viteza de sudare (7S), se atinge
parametrul care in aceastd lucrare a fost denumit Momentul
Efectiv (Me), definit de ecuatia 3 (asa cum indica unitatea, Me
reprezintd viteza de curgere a masei picaturilor ce ating metalul
topit, dar denumirea propusa in aceasta lucrare tinteste sa
accentueze efectul vitezei masei x).

3
P1d”S yiarf -1
Me — arriva, k 3 S 3
e U @3
1.1.2. Momentul efectiv ca mijloc de caracterizare a
energiei mecanice introduse de picdturd in baia
de sudare

Asa cum se poate vedea in mai multe detalii in lucrarile
anterioare [1-3], experimentele au analizat energia transmisa
de picaturd astfel incat sa izoleze efectele altor variabile sau
sd le facd constante. Astfel experimentele au planificat luarea
in considerare a efectului interactiv al curentului de sudare (/)
si lungimea arcului (a), dar cu aceeasi cantitate de material
depus (acelasi volum al baii, intrucat 7.S/WFS = constant).
Prin reglarea curentului la diferite valori, modul de transfer al
metalului variaza. Suplimentar, in timp ce se mentine aceeasi
cantitate de material depus (si aproximativ aceeasi energie
liniard), s-ar putea sa se incerce minimalizarea efectului altor
parametrii care guverneaza formarea cordonului de sudura.
Ca rezultat, efectul momentului picaturilor ce se izbesc de baie
ar putea fi observat mai bine.

Deoarece viteza initiala a picaturii, realizata prin WFS ar
afecta momentul, s-a hotdrat sa se mentina pentru fiecare
valoare a curentului aceeasi WF'S, independent de lungimea
arcului.

Aceasta realizare a fost posibila prin utilizarea unei surse
electronice de putere care lucreaza in curent constant si impune
un WFS coerent (pentru o combinatie datd sdrma-gaz de
protectie, lungimea liberad a sarmei la duza de contact este
definita de valoarea WES). In final, pentru a atinge diferite
lungimi ale arcului fara a afecta nivelul curentului si al WFS,
s-a variat sistematic distanta duza de contact — piesa de lucru
(CTWD,).

Caracterizarea transferului picaturii s-a facut prin
caracteristicile geometrice (diametrul picaturii si lungimea

influence the bead formation, i.c., the momentum (mass x
speed), as stated by Equation (1):

3

M = pT % ¥ Sarrival [kg *m ¥ Sil] (1)

where ,,M” is the momentum, ,,p” the metal density, ,,d” the
droplet diameter and ,,S,,,;,.;/” the mean speed of droplet
arrival on the welding pool, in SI units.

However, a better physical representation of the droplet
(movement of mass intermittently) action on the weld pool
would be the product of the momentum by the frequency (f)
in which the droplets reach the pool. This parameter is
represented by Equation (2) and it was denominated here
Momentum Rate (Q,,.). As the unit indicates, Q,,, is the
force in which the droplets hit the fused metal.

M, ,=Mx*f [N] 2)

Nevertheless, as M, is a discrete force, the effect of the
droplets on the pool would be translated by the time this
force is acting on a same area. Thus, if this mentioned quantity
is divided by the welding travel speed (7S), one reaches the
parameter that in this work was denominated of Effective
Momentum (Me), as defined by Equation (3) (as the unit
indicates, Me actually represents the mass flow rate of the
droplets reaching fused metal, but the denomination proposed
in this work aims to emphasize the mass x speed effect).

rate

3
PTd”S rivar] -1
Me — arrivai k E3 S 3
cematl kg es] 3)
1.1.2. Effective momentum as a means of
characterization of the mechanical energy input
by the drop into the pool

As can be seen in more details in the previous work [1-3],
the experiments searched for the droplet delivering energy in
such a way to isolate other variables effects or make them
constant. Thus, experiments were planned to consider an
interactive effect of the welding current (/) and the arc length
(a), but under the same amount of deposited material (same
pool volume, since 7'S/WFS = constant). By setting current at
different values, it would also be varying the metal transfer
mode. In addition, while maintaining concomitantly the same
amount of deposited material (and approximately the same
heat input), one would be trying to minimize the effect of
other governing parameters on the bead formation. As a result,
the effect of the momentum of the droplets impinging on the
pool could be better distinguished.

Because the initial speed of the droplet, accomplished by
the WFS, would affect the momentum, it was also sought to
maintain for each current value the same WFS, independently
of the arc length. This achievement was possible by using an
electronic power source working at constant current mode
and imposing a coherent WFS (for a given combination of
wire-shielding gas, the wire extension out of the contact tip is
defined by the value of the WFS). Finally, to reach different
arc lengths without affecting both the current level and WF'S,
the contact tip-to-work distance (CTWD) setting was
systematically varied.

The characterization of the droplet transfer was made
through the geometric (droplet diameter and arc length) and
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arcului) si cinematice (frecventa si viteza corpului). Principalul
instrument care a fost utilizat pentru aceasta caracterizare a
fost un sistem laser sincronizat shadowgraphy [4], pentru
filmare cu mare viteza si 2 piese de soft dedicat pentru
masuratori ale frecventei transferului, diametrului picaturii si
lungimii arcului [5, 6], a vitezei si acceleratiei picaturii.
Interesant pentru acest studiu este faptul ca numai valorile
vitezei de sosire instantanee a picaturilor (S,,,;,) au fost
marite.

Din figura 1 (utilizdnd datele pentru electrodul din otel
carbon), rezultd cd, cu cat M este mai mare, cu atat adancimea
de patrundere este mai ingusta (rezultatele altor autori pot fi
in dezacord deoarece ei mentin, de obicei, viteza de lucru
constanta si maresc curentul, ceea ce conduce la o crestere a
momentului, dar si a energiei de sudare, care poate masca
efectul momentului). Astfel, reducerea adancimii de
patrundere cand M are valori mai mari este dupa cele afirmate
mai sus nerationald. Din aceeasi figura, se poate vedea relatia
directa dintre adancimea de patrundere si M,,,, adica
adancimea de patrundere devine mai mare pe masura ce creste
M,... Fara indoiala, se poate spune ca patrunderea a fost mai
profunda atunci cand M,,, a devenit mai mare numai din
cauza curentului, intrucat, asa cum se vede, M, depinde
foarte mult de curent.

Din pacate, nu existd un mod de a izola efectul curentului.
De exemplu, daca M,,, x analiza patrunderii, prezentata in
figura 1, s-a efectuat cu acelasi curent, influenta lungimii arcului
ar fi mascat efectul lui M, . Aceasta inseamna ca atat efectele
curentului cét si a lungimii arcului sunt incluse in vitezele de
sosire ale picaturii (S,,..,4) $i, in consecintd, influenteaza toti
parametrii legati de moment (M, M, sau Me). Dar, un mod de
a discrimina efectul curentului ar fi prin raportul M, si TS
(ecuatia 3), intrucat M, in mod intrinsec transmite dependenta
dintre WFS si TS (WFS/TS = constant). Chiar daca curentul si
WFS nu sunt 100% dependente, ele sunt strans legate.
Suplimentar, se poate astepta ca momentul, prin frecventa cu
care picaturile ating baia, asa cum Q,,, este definit (ecuatia 2),
sd nu ia in considerare timpul in care un acelasi volum al baii
suferd actiunea socului picaturilor. Din nou raportul lui Q,, §i
TS, asa cum Me este definit aici, pare sa includa si acest efect.

Totusi, cu acelasi rationament in analize, se poate spune ca
un comportament special apare si in figura 1 (c) in jur de
1,5 kg/s (cresterea lui Me nu mai corespunde cu patrunderea
mai adancd). Dar, este important de indicat ca cele mai mici
valori ale lui Me se produc la un curent de 2004, iar cele mai
mari valori ale lui Me se produc la 250A, mai degraba decat la
300 A. Acecasta inseamna ca la Me de circa 1,5 Kg/s curentul a
avut o valoare mai mare, favorizand reducerea patrunderii.
Astfel, un echilibru concurent al efectelor (curent x Me) poate
clarifica mai departe aceasta reducere neasteptata a patrunderii
pe masura ce creste valoarea lui Me.

Observand acum figura 2, este posibil sd descoperim
aceleasi tendinte pentru sarma din aluminiu in ceea ce priveste
relatia dintre Me si adancimea de patrundere. Dar, exista cateva
diferente remarcabile. Valorile lui Me pentru sarma din
aluminiu sunt de circa 10 ori mai mici decét cele pentru otel.
Rolul pe care Me il joaca asupra adancimii baii depinde de
caracteristicile metalului topit (vascozitate, tensiunea de la
suprafata, etc.) ale caror actiuni sunt dificil de prevazut.

In afard de aceasta, patrunderea nu depinde numai de Me,
din contra energia liniara se astepta sa fie parametrul important
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kinematic (frequency and body speed) characteristics. The
main tools for this characterization was a synchronized laser
shadowgraphy system [4], filming in high-speed, and 2 pieces
of software dedicated for measurements of the transfer
frequency, droplet diameter and arc length [5, 6] and of the
droplet speed and acceleration. As interest of this study, just
the values of the drops instantancous arrival speed (S, iva1)
were raised.

From Figure 1 (using data for carbon steel electrode), one
depicts that the higher M, the shallower the penetration (other
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Figura 1. Influenta parametrilor momentului asupra adancimii de
patrundere a sudurii (1,2 mm AWS ER70S-6 sarma, gaz de
protectie Ar + 5%0,, curent reglat la 200, 250 si 300 A)/
Figure 1. The influence of momentum related parameters on the
bead penetration (1.2 mm AWS ER70S-6 wire, shield by Ar +
5%Q0,, with setting current of 200, 250 and 300 A)

authors’ results may disagree because they usually keep travel
speed constant while they increase current, which leads to an
augment of the momentum, but also to welding energy, which
can mask the momentum effect). Thus, the reduction in
penetration towards higher M is by the above statements
unreasonable. From the same figure, it is possible to see the
direct relationship between penetration and M,,,,, i.c.,
penetration gets deeper as M, increases. Nevertheless, one
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[7] dar, acum temperatura de topire, conductivitatea termica
si entalpia specifica a materialului joaca un rol important. O a
doua diferentd intre comportarea aliajului de aluminium si a
otelului, diferenta observata in figura 2 este ca arcul lung a
atins cea mai mare valoare a lui Me in cazul aluminiului; in
contrast cu sudurile din otel. Grupul de sudurda Laprosolda
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Figura 2. Influenta momentului efectiv asupra adancimii de
patrundere utilizand date pentru sudarea MIG/MAG a
aluminiului/

Figure 2. The influence of Effective Momentum on the bead
penetration using data for Aluminum MIG/MAG welding

crede ca (si cautd sa demonstreze aceasta) in cazul sudarii
aluminiului concentrarea legaturii arcului la tabla nu este atat
de importantd pentru marirea patrunderii ca in cazul otelului
carbon.

1.2. Metodologie pentru determinarea caderii de tensiune
anodica, catodici sau in coloana arcului la sudarea
MIG/MAG: Arce cu transfer de metal prin
scurtcircuitare

1.2.1. Introducere

Cautarea unor explicatii logice ale fenomenului ce se petrece
la sudarea cu arc i-a indreptat pe multi cercetatori spre
dezvoltarea sau corectarca metodologilor care fac posibila
identificarea §i masurarea proprietatilor arcului. Totusi,
determinarea proprietatilor fizico-chimice ale coloanei arcului
este o sarcina complexa care de obicei necesita aparatura si
tehnici sofisticate. Pentru a depési acest neajuns, de exemplu
reducerea numarului influentelor, proprietatile coloanei de
plasma se masoara, in mod normal, 1n conditii specifice (de
exemplu, la presiune si temperatura constanta, din gaze simple
ionizate). Astfel, aceste date nu sunt intotdeauna coerente
atunci cand sunt utilizate pentru predictia efectului unui gaz
de protectie intr-o operatie de sudare; dimensiunile mici ale
unui arc conduc la gradienti termici si de presiune foarte mari
si de asemenea la variatii radiale si axiale in compozitia plasmei
si in stare ionizata. In consecintd, s-au facut eforturi mari pentru
a se gasi proprietatile fizico-chimice ale plasmei, cautand
elucidarea fenomenologiei legata de transferul de metal, emisia
de electroni, caderea de tensiune anodica si catodica, s.a.m.d.

Printre cele cateva studii care includ arcul la sudare, citeva
dintre ele au castigat importantd prin prezentarea
metodologilor care coreleaza parametrii de sudare cu energia
absorbita si dispersatd de arc. Metode directe, cum sunt
utilizarea probelor pentru masurarea caderilor de tensiune de-
a lungul arcului [8-10], au fost utilizate si imbunatatite.
Majoritatea acestor metode, pe langa cererea de aparaturad

could say that the penetration was more profound when M,
became higher only because of the current, since, as seen,
M4 18 highly dependent on current.

Unfortunately, there is no way of isolating the current
effect. For instance, if the M, x penetration analysis
presented in Figure 1 was made at the same current, the
influence of the arc length would mask the effect of M, . It
means that both current and arc length effects are built-in
into the droplet arrival speeds (S,,,i.) and, consequently,
affect any of the momentum related parameters (M, M, or
Me). But one way to discriminate the current effect would be
through the ratio of M, and 7S (Eq. 3), since M, carries
intrinsically the dependence between WFS and TS (WFS/TS =
constant). Even though current and WFS are not 100%
dependent, they are highly related. In addition, one could
expect that momentum by the frequency with which the
droplets reach the pool, as O, is defined (Eq. 2), does not
take into account the amount of time that a same volume of
pool suffers the action of the impinging droplets. Again the
ratio of O, and TS, as Me is defined here, seems to enclose
this effect too.

However, in the same reasoning of the analyses, one could
say that a peculiar behavior takes place in Figure 1(c) around
1.5 kg/s (the increase of Me does not correspond any longer
to further deeper penetration). But, it is important to point
out that the lowest values of Me happen at current of 200 A,
but the highest values of Me happen for 250 A, rather than
for 300 A. This means that at Me around 1.5 kg/s the current
was the highest, favoring the deepest penetration. Thus, a
concurrent balance of effects (current x Me) further may clarify
this unexpected reduction in penetration as Me increases.

Observing now Figure 2, it is possible to see the same
trends for an aluminum wire concerning the relationship
between Me and bead penetration. But there are some
remarkable differences. The values of Me for aluminum wire
are about 10 times less than those for steel, despite the fact
that the penetrations reached by both welding material were
at the same level. Naturally, the role that Me plays on the pool
deepness depends on the characteristics (viscosity, surface
tension, etc.) of the melted metal, the actions of which are
difficult to predict. Besides, penetration does not depend only
on Me, on the contrary, heat input is expected to be the
governing parameter [7], and now Fusion Temperature,
Thermal Conductivity and Specific Heat Content of the
material play an important role. A second difference between
aluminum alloy and steel behaviors noted in Figure 2 is that
long arc reached the highest Me for aluminum; in contrast to
steel weldments. The welding group Laprosolda believes (and
plans to demonstrate it) that for aluminum welding the
concentration of the arc connection to the plate is not so
important for increasing penetration as much it is for carbon
steel.

1.2. A methodology for anodic, cathodic and column
voltage drop determination in MIG/MAG welding:
arcs with short-circuiting metal transfer

1.2.1. Introduction

The search for consistent explanations of the phenomenon
that happens in a welding arc has directed many researchers
to the development or adjustment of methodologies that make
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sofisticatd si scumpd, au un grad de nesigurantd privind
rezultatele, deoarece sunt metode intruzive. Dar, importanta
acestor metode nu poate fi trecutd cu vederea.

O altd abordare este o metoda indirectd. Aceastd abordare
a fost utilizatd de catre grupul de sudare Laprosolda, iar
principalele rezultatele au fost deja publicate [11]. Principalele
aspecte ale acestei lucrari sunt prezentate in cele ce urmeaza.

1.2.2. Bazele metodei indirecte pentru determinarea
cdderilor de tensiune la sudarea cu arcul electric
cu transfer de metal prin scurtcircuitare

Figura 3 ilustreaza puterea consumata de un arc la sudare
pentru o valoare datad a curentului. Ecuatiile 4 si 5 definesc
aceste relatii.

Uab = Uelecr+drop + Uarc (4)
Uarc = Uan+cat + Ucol (5)
cho
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=T
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- =]
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possible the identification and measurements of arc related
properties. However, determination of arc column physico-
chemical properties is a complex task, which usually demands
sophisticated apparata and techniques. To overcome this
setback, e.g. to reduce the number of influences, the plasma
column properties are normally measured in specific conditions
(for instance, at constant pressure and temperature, from
ionized single gases). Thus, these data are not always coherent
when they are used for prediction of a shielding gas effect in
a welding operation; the small dimensions of an arc lead to
very high thermal and pressure gradients, as much as to radial
and axial variations in the plasma composition and ionization
state. Consequently, great effort has been made in finding arc
plasma physical chemical properties, looking for elucidating
the phenomenology related to metal transfer, electron
emission, anodic and cathodic voltage drop, and so on.
Amongst several studies involving welding arcs, some of
them gained prominence for presenting methodologies that
correlate welding parameters with the
energy absorbed and dispended by the
arc. Direct methods, such as the
utilization of probes for voltage drop
measurements along the arc [8-10], have
been employed and improved. Most of

AU Arc column
AU Cathode

these methods, besides the demand for
sophisticated and  expensive

v

experimental apparatus, carry a degree
of uncertainty in the results, since they
are intrusive methods. But, the

L4

importance of these methods cannot be
overlooked.

v
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Another approach is an indirect
method. This approach was used by the

>

Figura 3. Profilul electric al unui arc la sudare/ Figure 3. Electrical profile of a welding arc

Ponomarev si altii [12] au sugerat determinarea
componentelor caderii de tensiune din tensiunea totala a
arcului prin masurarea Uab 1n diferite puncte specifice in timp
(figura 4) si tindnd cont de corelarea dintre ele in conformitate
cu ecuatiile 4 si 5 (o metoda indirectd). Ei au subliniat faptul
ca, la sudarea MIG/MAG cu transfer in scurtcircuit, lungimea
coloanei ar fi aproximativ nula chiar in momentul dinaintea
scurtcircuitului. In acest moment, tensiunea totala a arcului,
aici numita tensiunea minima a arcului (U’,;), constituie in
mod practic, o suma a caderilor de tensiune de-a lungul
electrodului (U,,), picdturii (Ug.,p) $i zonelor anodice si
catodice (U,,+.4)- El atrag atentia asupra faptului ca valoarea
sumei caderilor de tensiune de-a lungul electrodului si picaturii
(Ueteer $1 respectiv Uy,,,) poate fi obtinuta prin mésurarea
tensiunii totale de sudare la momentul imediat dupa inceperea
scurtcircuitului (tensiune initiala a scurtcircuitului, reprezen=
tatd de (U’,.). In acest moment nu mai exista U,,. . Astfel,
din masurarea U, U’,,si U’,., valoarea sumei caderilor de
tensiune referitoare la zonele anodice si catodice (U, cqr) S€
vor rezolva conform ecuatiei 5, in timp ce caderea de tensiune
de-a lungul coloanei arcului poate fi realizata prin ecuatia 6.

(%)
(6)

Uan+cat =U ab™ Uelect+drap =U ab™ U sc

Uco[ = Uab - Uelect+drop - Uan+cat = Uab -U ab
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welding group Laprosolda and the main
results have already been published
[11]. The main aspects of this work are

AU(V)

presented as follows.

1.2.2. The basics of the indirect method for determining
voltage drops in arc welding with short-circuiting
metal transfer

Figure 3 illustrates the power consumed by a welding arc,
for a given current value. Equations 4 and 5 define these
relationships.

(C))
(&)

Ponomarev et al. [12] suggested to determine the voltage
drops components from total arc voltage through the
measurement of the Uab at three specific time points (Figure 4)
and taking into account the correlation amongst them
according to Equations 4 and 5 (an indirect method). They
emphasized that, in the MIG/MAG with short-circuiting
transfer, the column length would be approximately null in
the instant just before the short-circuit. At this moment, the
total arc voltage, herein denominated minimum voltage of
arcing (U’,;), constitutes practically of a summation of voltage
drops along the electrode (U,y.,), the droplet (Uy,,,) and the
anodic + cathodic regions (U,,+.4)- They call attention on
the fact that the value of the summation of voltage drops

Uab = Ue/ecHdmp + Uarc

Uarc = Yan+cat + Ucol
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1.2.3. Metodologia de determinarea cdderilor de
tensiune la sudarea cu arc electric cu transfer de
metal prin scurtcircuitare

Metodologia propusa se bazeaza pe ecuatiile prezentate
mai sus, cu unele imbunatatiri experimentale. Prima
imbunatatire s-a obtinut prin utilizarea filmarii cu viteza mare
(2000 fps) pentru a se observa transferul metalului si determina
momentele corecte pentru masurarea valorilor dorite ale
tensiunilor (U, U’ s1 U'.). Pentru aceasta se aplica o camera
video CCD si tehnica ,,synchronized shadowgrafy” [13] astfel,
incat fiecare cadru sd fie corelat automat cu semnale
instantanee de tensiune si curent.

O a doua Tmbunatétire a fost prelevarea unui numar mare
de masuratori Uy, U’y si U’y In timpul unei
suduri (fiabilitate statistica). Pentru aceasta, s-a
proiectat un program de calculator. Programul

Ugp=U

along the electrode and the droplet (Ugjeer and Uy,
respectively) could be obtained by measuring the total welding
voltage at an instant immediately after the short-circuit start
(initial voltage of short-circuit, represented by U’,.). At this
right moment, U,,,,. .., does not exist anymore. Thus, from the
measurements of U, U, and Uy, the value of the summation
of voltage drops referring to anodic and cathodic regions
(U p+car) Wwould be solved according to Equation 5, while the
value of the voltage drop along the arc column could be

achieved through Equation 6.
(5)
(6)

Uan+cat =U ab™ Uelect+drop =U ab™ U sc

Ucol = Uab - Uelect+drop - Yantcar =~ Uab -U ab

U(an +cat) + Ucol U’ab= U(alac[ + drop) + U(an +cat)

{elect + drop) +

poate, eventual, tipari un raport cu valorile medii (l\{.)
ale U,,+car U'y/ unitatea de electrod + extensiile nl
picaturii, Ugecrrdrop Ucon Lap $1 s, pentru o
lungime medie data a arcului. il
1.2.4. Limitele §i corectarea ecuatiilor de UU“ L
baza i
Not stabilized

Unele particularitéti ale transferului de metal BI e arcing stable arcing .
prin scurtcircuitare sunt caderile de tensiune bruste arcing Uggct+ ropy = Use
la inceputul scurtcircuitului, urmate de cresteri ale 1o € >
curentului in timpul fenomenului si varfurile de ,N
tensiune si variatiile secventiale ale curentului si o .
tensiunii dupa aceea. Din figura 4 se poate observa Ui, ________ _— — — — st
o perioadd a arcului (cuprinsa de la reaprinderea Tl te P .
imediatd a arcului pana la pornirea imediata a ! .

scurtcircuitului), care este divizata in doua zone:
0 zond a arcului tranzitoriu, in care se observa mari
variatii ale tensiunii si curentului si o alta zona de
arc mai mult sau mai putin stabil, in care tensiunea
si curentul se comporta practic egal.

Aceasta metoda indirectd, in ciuda faptului
ca pare simpla si promitatoare, deoarece nu este
evaziva, prezintd unele limite. Acestea sunt:

a) Valoarea U’y este masuratd in conditiile
curentului initial de scurtcircuit (/) care este diferita
de valoarea medie a curentului care actioneaza cand
se masoara valoarea lui U’,,;,. Aceasta valoare, din
urma, este utilizata la calculul vi U, ., (ecuatia 5).
Cu alte cuvinte, Ugecr+drop # U'scs

b) La masurarea lui U’ si U, electrodul + lungimea
picaturii sunt similare, dar mai lungi decat lungimea
electrodului in timpul arcului, conditie in care se masoara U,
pentru calculul lui U, (ecuatia 6);

c¢) U, depinde de curentul de sudare si lungimea arcului.
Lungimea arcului, la randul ei, determina zona superficiala a
conexiunilor arc — electrod si arc — metal de baza (in principal).

Diferite densitéti ale curentului implica diversele caderi de
tensiune. Astfel, valoarea U, nu poate fi utilizatd pentru
comparatie In conditii diferite daca nu exista siguranta cd arcele
au aceeasi lungime si aceeasi intensitate a curentului;

d) U, 1n cazul transferului prin scurtcircuit poate fi obtinut
cu usurinta facand media semnalelor de tensiune din timpul
arcului. Totusi, exista o indoiala privind semnificatia fizicd a
includerii sau nu a valorilor tensiunii in timpul reaprinderii si

I 1 1 I
1.03 1.033 1.04 1.045 1.03

1 .DIJ_'b 1.06 I.0I65
t (ms) .

Figura 4. Compozitia tensiunii unui arc cu transfer de metal in scurt circuit,
unde: U,= tensiunea medie a arcului in perioadele de arc + scurt circuit
(tap T tso); Uy, = tensiunea medie a arcului in perioadele de arc t,,;

U’ = tensiunea initiald a scurt circuitului; U’,, = tensiunea minima a arcului;
tap = durata totald a arcului; t,,, = durata arcului in conditie stabila si

t,. = durata scurt circuitului./

Figure 4. Voltage composition of a arc with short-circuiting metal transfer,
where: U,= mean arc voltage during the periods of arcing + short-circuiting
(tu, + t); Uy, = mean arc voltage during the periods of arcing t,,,

U’,. = initial voltage of the short-circuiting; U’ ,;, = minimum voltage of arcing;
t.p = total arcing duration; t,;, = duration of the arcing in a stable condition,

and t,. = short-circuiting duration.

1.2.3. The methodology for determining voltage drops in
arc welding with short-circuiting metal transfer

The proposed methodology is based on the equations
above presented, yet with some experimental enhancements.
The first improvement was reached by using high-speed
filming (2000 fps) for observing metal transferring and
determining the right moments for measuring the desired
voltage values (U, U’,, and U’,.). For that, a CCD camera
and the technique ,,synchronized shadowgraphy” [13] are
applied in such a way that each frame could be automatically
correlated with instantaneous voltage and current signals.

A second improvement was to sample a large number of
Uy, U’y and U’y measurements during a weld (statistical
reliability). For that, a dedicate computational program was
designed. Eventually, the program prints out a report with the
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inaintea stabilizarii arcului (numita perioada de tranzitie a
arcului, vezi figura 5). Includerea valorilor tensiunii din
perioada tranzitorie a arcului in calculul U,, poate duce la
schimbarea rezultatelor, datoriti caracterului de instabilitate.
Pe de alta parte, excluderea acestor valori ar aproxima U, al
U’ ,, astfel incat U, va atinge valoarea zero, ceea ce nu este
conform realitatii.

Pentru a minimaliza limita ,,a”, s-a abordat aducerea valorii
lui U’ la acelasi nivel al curentului ca U’ , adica,
U(elect+drop) = U’sc X ([ab/[sc)a unde U(e/ect+drop) este valoarea
caderii de tensiune de-a lungul electrodului si picaturii atunci
cand valoarea curentului este a unui arc stabil. De aici,
corelarea dintre curenti reprezintd un factor de corectie
(CFI = 1,/1.). Considerand ca la momentul de scurtcircuit
lungimea electrodului este egala cu distanta varf de contact —
piesa de lucru (CTWD) si caderea de tensiune de-a lungul
electrodului + picaturii poate fi reprezentata printr-o relatie
liniard, se poate utiliza ecuatia 7 pentru definirea caderii de
tensiune pe unitatea de lungime electrod + picaturd in timpul
arcului:

UelecHdrop/mm = (U)S‘C/CTWD) X (Iab/[s‘J (7)

O serie de experimente [11] au demonstrat ca exista o mica
dependenta intre U’/unitatea electrodului si lungimea
electrodului real + a picaturii, dar exista o dependenta
neasteptatd de tipul gazului de protectie. Astfel, raportul
U’ /CTWD trebuie s fie intotdeauna determinat pentru fiecare
conditie de sudare (tipul gazului de protectie, compozitia si
diametrul electrodului si nivelul curentului).

Pentru a minimaliza limita ,,b”, propunerea a fost, la utilizarea
ecuatiei 7, sd se estimeze si sd se corecteze valorile
Uectecrtdrop = Uan+car PENtru lungimea electrodului a carui
valoare U, este luatd din (L,jecs+drop> Unde 1n acest caz
Lejectsdrop < CTWD). Presupunénd ¢ U, ., nu depinde de
lungimea electrodului + a picaturii, trebuie corectatd valoarea
1ui Ugjeer+ drop PENLTU 0 noud conditie:

Uelect+drop(cor) = Le/ecHdmp X UelecHdrop/mm (8)

Pentru a face posibile diferentele in lungimea arcului intre
conditiile de sudare in determinarea lui U, (limita ,,c”),
lungimile arcului sunt masurate automat (se iau aproximativ
7000 cadre pe trecere). Dupa efectuarea masuratorilor, toate
cazurile avand lungimea arcului egald cu zero sunt descarcate
si lungimile medii ale arcului au fost calculate (corespunzator
perioadelor de arc). Astfel, valoarea lui U, a fost exprimata
in unitati ale lungimii arcului (U,,;/mm), pentru un nivel de
curent dat.

Limita pentru determinarea lui U, (limita ,,d”’) este mult mai
dificil de administrat, deoarece este intrinseca procesului de
sudare cu transfer de metal prin scurtcircuitare. Problema a
fost apoi sa se defineasca un criteriu subiectiv pentru
determinarea lui U,, In aceasti lucrare, determinarea lui U,,;
s-arealizat numai in zona stabila a arcului.

Odata ce solutiile de mai sus pentru limitarea ecuatiilor
originale sunt acceptabile, cele doua parti ale caderii de
tensiune la sudare cu arc electric pot fi deduse prin ecuatiile 9
si10:

Uan+cat = Uyab_ U)sc X (Iab/[sc) (9)

Ucol/mm = {Uab - LelecHdmp X (U ’SC‘/CTWD) X

X (]ab/]sJ - U,ab +U ’sc X (]ab/[sJ}/Larc (10)
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mean values of U, .. U’ /unit of electrode + droplet
extensions, Uejecrtdrop Ucon Lap and Iy, Tor a given average arc
length.

1.2.4. Limitations and correction of the basic equating

Some particularities of the short-circuiting metal transfer
are the abrupt voltage falls at the beginning of the short-
circuit, followed by current rises during the phenomenon and
voltage peaks and sequential variations of current and voltage
afterwards. From Figure 4, one can observe an arcing period
(comprehended from the arc reignition instant until the short-
circuit start instant), which is divided into two regions: one
region of a transient arc, where great variations of voltage
and current are noticed, and other region of a more or less
stable arc, where voltage and current behave practically
evenly.

This indirect method, in spite of looking like simple and
promising, since it is not evasive, presents some limitations.
These are:

a) The U’y value is measured under conditions of a short-
circuit initial current (/;.) which is different from the mean
current value acting at the moment the value of U’y is
measured. This latter value is used in the calculation of U, ..
(Eq. 5). In other words, Ueecr+drop # U 'ses

b) In the measurements of U’,;, and U’ the electrode +
droplet length is similar, but longer than the electrode length
during arcing, condition in which U, is measured for the
calculation of U,,;(Eq. 6);

¢) U, depends on the welding current and arc length.
The arc length, in turn, determines the superficial area of the
connections arc-electrode and arc-parent metal (mainly).
Different current densities imply diverse voltage drops. Thus,
the U,,; value cannot be used for comparison amongst unlike
conditions if there is no assurance that the arcs have the same
length and carry the same current intensity;

d) U, in a short-circuiting transfer welding could be easily
obtained by averaging voltage signal while arcing. However,
there is doubt about the physical meaning of the inclusion or
not of the voltage values during reignition and before arc
stabilization (named transient arc period, as seen in Figure 5).
The inclusion of the transient arc period voltage values in
U, calculation could disguise the results, due to the instability
character. On the other hand, the exclusion of these values
would approximate U, of U’,,, in such a way that U, would
get close to zero, what is not faithful with reality.

For minimizing limitation ,,a”, the approach was to bring
the U’ value to a same current level as U’y , that is,
U(elect+dr0p) = U)sc X (Iab/[sc)a where U(elecﬁdrop) is the VOltage
drop value along the electrode and droplet when current is
the one of a stable arc. Hence, the correlation between currents
represents a correction factor (CF1 =1,/I,.). Considering that
at the short-circuit moment the electrode length is equal to
the contact tip-to-work distance (CTWD) and that the voltage
drop along the electrode + droplet can be represented by a
linear relationship, one can use Equation (7) for defining the
voltage drop per unit of length of electrode + droplet during
arcing:

Uelect+drap/mm = (U ’s CTWD) X (]ab/lsc) (7)

A series of experiments [ 11] demonstrated that there exist
little dependence between U’y /unit of electrode and the actual
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deoarece in cazul ecuatiei 9 lungimea electrodului + cea a
picaturii este aceeasi pentru determinarea lui U’;,— U, dar
curentii sunt diferiti.

In cazul ecuatiei 10, Leject+arop PTESUPUNE aceeasi valoare
la care U, se masoara (CTWD minus L,,. la momentul la care
se masoard Uy, ).

Pentru a minimaliza limita ,,¢”, ar fi de asemenea important
sd se estimeze §i sa se corecteze incd odatd valoarea lui
U felect+drop) PENTU @ s€ lua in considerare ponderea rezistentei
electrice in picaturd in legdturd cu lungimea totala a
electrodului + cea a picaturii. Totusi, deoarece relatia dintre
rezistivitdtile picaturii si electrodului este necunoscutd, nu
este posibil sa se aplice nici o corectie.

1.2.5. Rezultate

Pentru a exemplifica utilizarea metodologiei, s-au analizat
5 amestecuri de gaze de protectie pe baza de Ar 51 3% CO, cu
adaos de N, variind de la 1 la 5% ( sirma AWS ER308LSi ,
1,2 mm, CTWD de 18 mm, tensiune (U, 16,5 V si viteza de
alimentare cu sarma (WFR) egald cu 3,2 m/min). Aceasta
stabilire/reglare a parametrilor s-a realizat la sudarea cu transfer
de metal prin scurtcircuitare pentru toate amestecurile supuse
evaludrii. Nu a fost nevoie sa se adopte o reglare diferita pentru
U,.rsi WER pe amestec, deoarece lungimea arcului nu a variat
in mod semnificativ. Pentru a avea siguranta ca scurtcircuitele
se produc 1n fata baii (pe o portiune tocmai topita) si nu pe
intreaga baie, viteza de lucru a fost marita pana la aceasta
conditie (in acest caz la 35cm/min).

Influenta continutului de N, asupra grupelor de tensiune
poate fi vizualizata in figurile 5-7. Asa cum se poate vedea in
Figura 5, azotul adaugat intr-un gaz de protectie determina
cresterea caderii de tensiune din zona anodica si catodica (cu
aproximativ 0,3 V). Considerand ca, continutul de N, nu
influenteaza viteza de topire a sarmei (nu a fost nevoie sa se

14,5
14,4
14,3
14,2
14,1
14,0
139
13,8
13,7
136
13,5

Tensiuneal/Voltage [V]

0 1 2 3 4 5 6
% N2

Figura 5. Influenta continutului de N, asupra ciderii de tensiune
in conexiunile anodice/catodice ale arcului (U, icq)/
Figure 5. Influence of the N, content on the voltage drop in the
arc anodic/cathodic connections (U, cq)

schimbe viteza de alimentare cu sdrma pentru a se mentine
acelasi nivel al curentului si lungimea arcului pentru diferite
amestecuri), aceasta crestere a tensiunii este, atunci, probabil
datorata catodului. Deoarece sudurile par a fi mai putin
convexe si mai late prin cresterea continutului de N, , posibil
datoritd unei energii mai mari liniare in tabla, desi s-a lucrat cu
aceeasi energie de sudare (E = U x I/TS), existd o altd dovada
ca metodologia este adecvata.

in concluzie, sudarea prin scurtcircuitare a demonstrat ca
cu cat continutul de N, este mai mare cu atat este mai mare

electrode + drop length, but there is an unexpected
dependence with the type of shielding gas. Thus, the ratio
U’,/CTWD must always be determined for each welding
condition (shielding gas type, electrode composition and
diameter and current level).

For minimizing limitation ,,b”, the proposal was, at the use
of Eq. (7), to estimate and correct the Uejecsarop = Uantcar
values for the electrode length whose value of Uy, is taken
from (Lejecr+drop» Where in this case Lejecsidrgp < CTWD).
Assuming that U,, ., does not depend on the electrode +
drop length, one must correct the value of Uejecstdrop fOT @
new condition:

Uelect+drop(cor) = Lelect+drop X Uelect+drop/ mm (8)

To make up for possible arc length differences between
welding conditions in the U,,,; determination (limitation ,,c”),
the arc lengths are measured in the automatic way (taken
approximately 7000 frames per run). After the measurements,
all the events with arc length equal to zero are discharged and
the mean arc lengths were calculated (corresponding to arcing
periods). Thus, the values of U,,; passed to be expressed per
unit of arc length (U,,,/mm), for a given current level.

The limitation for determining U, (limitation ,,d”’) is more
difficult to be managed, since it is intrinsic to welding processes
with short-circuiting metal transfer. The question, then, was
to define a subjective criterion for U, determination. In this
work, the determination of U,, was carried out only in the
stable region of the arc.

Once the above solutions for the limitations of the original
equating are acceptable, the two parcels of the voltage drop in
a welding arc can be deduced through Equations (9) and (10):

Uan+cat = U’ab_ U’scx (]ab/lsd (9)
Ucol/mm = {Uab _LEIECH'dI‘Gp X (U ’s/CTWD) X
X (Iab/lsJ - U’ab+ U’SCX (Iab/lsJ}/Larc (10)

since in the case of Equation (9) the electrode + droplet length
is the same used in the determination of U’,, — U’,., but
currents are different. In the case of Equation (10), Lejecr+ drop
assume the same value at which U, is measured (CTWD minus
L. atthe moment U, is measured).

For minimizing limitation ,,¢”, it would be also important to
estimate and correct once more the Upjecs+arop) Value to take
into account the weight of the electrical resistance in the
droplet in relation to the total electrode + droplet length.
However, as the relationship between the droplet and
electrode electrical resistivities is unknown, it is not possible
to apply any correction.

1.2.5. Some results

For exemplifying the use of the methodology, 5 shielding
gas blends based on Ar and 3% CO, with addition of N,
varying from 1 to 5% were analyzed.(AWS ER308LSi wire,
1.2 mm, CTWD of 18 mm, setting voltage (U, of 16.5V and a
wire feed rate (WFR) equal to 3.2 m/min). These setting
parameters were accomplished to welding with metal
transferring by stable short-circuits for all blends under
evaluation. There was no need of adopting a different setting
for U,,rand WFR per blend, since the arc lengths did not vary
significantly. To assure that the short-circuits were occurring
in front of the pool (on a just melted portion), and not over
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tensiunea totala a arcului. Totusi, caderea de tensiune in
conexiunile arcului la anod si catod reprezinta aproape intreaga
cadere de tensiune. Caderea de tensiune de-a lungul coloanei
de plasma nu depinde de micile variatii ale azotului din
compozitia gazului de protectie, deoarece vaporii metalici par

2,5
24
2,3
22
2,1
2,0
1.9
1.8
1.7
16
1.5

TensiunealVoltage [V]

0 1 2 3 4 5 [
% N2

Figura 6. Influenta continutului de N, asupra cdderii de tensiune
pe lungimea electrodului + a picaturii (Ugjectdrop)/
Figure 6. Influence of the N, content on the voltage drop along
electrode + drop length (Uqjecss drop)

sd prevaleze peste influenta amestecului de gaz atunci cand
se utilizeaza un arc foarte scurt. Pe de altd parte, variatii mici
ale continutului de N, in compozitia gazului de protectie
influenteaza cdderea de tensiune pe lungimea electrodului si
a picaturii.

2. Transferul de metal: Clasa de transfer
de metal combinat

2.1. Introducere

Modul in care metalul este transferat determina stabilitatea
pozitionale ale operatiei si calitatea sudurii. Datorita
importantei subiectului, cercetdtorii si IIS (Institutul
International de Sudurd) au depus eforturi pentru a caracteriza
transferul de metal pentru sudarea MIG/MAG prin clasificari
didactice si logice. Clasificarea transferului de metal, care
ramane inca in vigoare in documentatia IIS, a fost propusa cu
circa 30 de ani in urmi [14]. In ciuda meritului, aceasta
caracterizare nu cuprinde recent descoperitul transfer
controlat sau noile moduri posibile de transfer de metal, posibil
de recunoscut cu noile tehnologii de masurare.

Urmand noile abordari de clasificare, s-au prezentat
propuneri noi [15-19] de catre cercetatori de seama in acest
domeniu in perioada anilor 2003 — 2008. Transferurile care se
produc in noile procese au fost incluse. Pe de o parte, a existat
tendinta de a simplifica clasele utilizand caracteristicile
metalului supus transferului (dimensiunile picaturii si factorii
principali care actioneaza), mai curand decat aplicatiile. Pe de
altd parte, clasificarile propuse recent nu acopera toate
fenomenele ce se produc la transferul metalului.

Nu se poate nega importanta acestor noi abordari
mentionate care conduc la o clasificare mai cuprinzatoare, si
totusi simpla. Dar, se asteaptd ca o schema de clasificare
efectiva, reevaluata sa ajute mai mult pe utilizatori in sarcina
adesea confuza de selectare a procesului si sa faciliteze
inviatarea principiilor procesului. In acest context, membrii
grupului de sudare Laprosolda urmeaza sa propund o
contributie la acest proces de clasificare a transferului de metal
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the whole pool, the travel speed was increased up to find this
condition (in the present case, to 35 cm/min).

The N, content influence on the voltage parcels can be
visualized in Figures (5) to (7). As it can be seen in Figure 5,
nitrogen added to a shielding gas makes the voltage drop at

e o =
w o o

e
W ~

Tensiunea/unitatea de lungime/
Voltage/unit of length [Vimm]

e o0 o000 0
o v w e W

(=1
L]
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Figura 7. Influenta continutului de N, asupra céderii de tensiune
pe lungimea coloanei de plasma (U, /mm)/
Figure 7. Influence of the N, content on the voltage drop
along the plasma column (U,,/mm)

the anodic and cathodic region to rise (by approximately
0.3 V). Considering that the N, content did not affect the wire
fusion rate (there was no need of changing the wire feed
speed to keep the same current level and arc length for different
blends), this voltage increase is, then, probably due to the
cathode. As the beads showed to be less convex and wider
with an increasing N, content, possibly due to a higher heat
input to the plate, despite of working at the same calculated
welding energy (£ = U x I/TS), there is another evidence of
the methodology adequacy.

In conclusion, short-circuiting welding demonstrated that
the higher the N, content, the more the total arc voltage.
However, the voltage drop in the arc connections to the anode
and cathode represents almost the total voltage drop. The
voltage drop along the plasma column is independent of small
variations of nitrogen in the shielding gas composition, since
the metallic vapors seem to prevail over the gas blend
influence when a very short arc is employed. On the other
hand, small N, variations in the shielding gas composition
affect the voltage drop along electrode + droplet length.

2. On the metal transfer: Combined metal
transfer class

2.1. Introduction

The way by which the metal is transferred across the arc gap
determines the process stability and affects spatter generation,
positional operation capabilities and weld quality. Due to the
importance of the subject, researchers and IIW (International
Institute of Welding) commissioners endeavored to characterize
metal transfer for MIG/MAG welding through didactic and logic
classifications. The metal transfer classification, which still
remains in force in the IIW documentation, was proposed almost
30 years ago [ 14]. Despite the merit, this classification does not
encompass either the recently discovered controlled transfer
or the new metal transfer modes possible to be recognized by
new measurement technologies.

In pursuit of new classification approaches, new proposals
[15-19] were presented by some leading researchers in this
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prin pastrarea tendintelor, dar si prin includerea unei clase nu
prea comentata in literatura de specialitate.

2.2. Propunere pentru clasificarea transferului de metal

Inainte de toate este important s se specifice terminologia
utilizata in clasificarea Laprosolda. Mod (mod transfer metal)
este utilizat pentru a defini o comportare caracteristica a unei
picaturi supusa transferului la sudarea MIG/MAG, cum ar fi
cel globular sau asa zisa pulverizare. Grup (grup de moduri)
care simbolizeazd un numar de moduri care au caracteristici
similare. Clasa (clase de moduri) este cea mai inalta din punct
de vedere ierarhic (parental) grupare de moduri: o clasd a
unui mod poate fi formata dintr-una sau mai multe grupe.

Tehnici moderne de laborator (specifice, filmare video de
mare viteza sincronizatd cu achizitia parametrilor de sudare)
au sprijinit studiile privind transferul de metal. Aceste
instrumente au scos in evidenta faptul ca sunt mai multe clase
parentale de transfer de metal decat cele cunoscute. Membrii
grupului de sudare Laprosolda cred ca o clasa suplimentara
trebuie sa se distingd datorita caracteristicilor unice ale
schimbarilor periodice in modul de transfer, provocate de
schimbarile privind parametrii de sudare (o comportare
»autofaga”). Aceasta clasa se numeste aici ,, Transfer de metal
combinat”. Astfel clasificarea propusa este prezentata pe scurt
in Figura 8.

area during the period of 2003 to 2008. Transfers that happen
in new processes were included. On the one hand, there was
in most work a tendency in simplifying the classes by using
the characteristics of the metal under transfer (droplet sizes
and main factors acting) rather than applications. On the other
hand, the recently proposed classifications do not cover all
occurrences of metal transfer.

One cannot deny the importance of these mentioned new
approaches to lead to a more comprehensive, yet simple,
classification. But, it is expected that an effective re-evaluated
classification scheme should assist better the users in the often
confusing task of process selection and facilitate teaching of
process principles. In this context, members of the welding
group Laprosolda are about to propose a contribution to the
process of metal transfer classification by preserving the
tendencies, but also by including a class not very much
commented in the literature so far.

2.2. The proposal for metal transfer classification

First of all, it is important to state the terminology used in
Laprosolda’s classification. Mode (metal transfer mode) is used
to define a characteristic behavior of a drop under transference
in MIG/MAG welding, such as the Globular or the so-called
Spray. Group (group of modes) stands for a number of modes
that have similar characteristics. Class (classes of modes) is

Transfer de metal MIG/MAG
MIG/MAG Metal transfer

Clase de transfer natural a metalului/
Natural metal transfer class

Clase de transfer controlat a metalului/
Controlled metal transfer class

Clase de transfer combinat a metalului/

Contact Mode Group
v Bridging Transfer
v Short-circuiting Transfer

Combined metal transfer class

v’ Forced Short-circuiting Transfer
Transfer

Free-Flight Mode Group

v Globular Transfer

v Globular Repelled Transfer
v Projected Spray Transfer
v’ Streaming Spray Transfer
v Rotating Spray Transfer

v’ Explosive Transfer

Transfer in AC

Transfer

v’ Others

v’ Spray Controlled by Pulse Current
v’ Spray Controlled by Pulse Current
v Short-circuiting Controlled by Current

v Short-circuiting Controlled by Current
and Wire Feeding Transfer

v Short-circuiting — Projected Spray
Transfer

v Short-circuiting — Streaming Spray
Transfer

v Globular — Projected Spray Transfer

v Globular — Streaming Spray Transfer

v Globular — Short-circuiting —
Streaming Spray — Globular

v Others

Figura 8. Clasificarea propusd pentru transferul de metal pe baza ordinii ierarhice (clase, grupe si moduri)/
Figure 8. Proposed Metal Transfer Classification based on hierarchal order (classes, groups and modes)

Clasa de transfer de metal a ,,Modurilor naturale” cuprinde
acele moduri care nu-si asuma nici un control adaptiv al
parametrilor de sudare (tensiune arc, curent de sudare, viteza
de alimentare cu sarma, inductanta, etc.) in timpul transferului
picaturii de metal. In aceste moduri, transferul piciturii in baia
de sudare este influentat in primul rand de un echilibru fizic
rezultant al fortelor ce actioneaza asupra picaturii. Exista doua
grupe distincte de moduri naturale de transfer al metalului: o
grupa in care picatura de metal este transferata baii de sudare
in timpul unui contact dintre ele si o altd grupa in care picatura
atinge baia in zbor liber peste zona arcului.

intr-o anumita masura, clasa ,, Transferului de metal
controlat” este compusa din moduri naturale ,,imbunatatite”
cu scopul de a Imbunatati caracteristicile operationale ale
procesului, cum ar fi minimizarea stropilor, controlul geometriei

the highest hierarchic (parental) grouping of modes: A class
of mode can be formed by one or more groups.

Modern laboratory techniques (specific, high speed video
filming synchronized with welding parameters acquisition)
boosted the studies on metal transfer. These tools brought
out evidences that there are more metal transfer parental
classes than the recognized ones. Members of the welding
group Laprosolda believe that an extra class should be
distinguished due to its unique characteristic of periodical
changes in the transfer mode provoked by changes in welding
parameters (an ,,autophagic” behavior). This class is here
referred as ,,Combined Metal Transfer”. Thus, the proposed
classification is summarized as seen in Figure 8.

The ,,Natural Modes” class of metal transfer embraces
those modes which do not assume any adaptive control of

bid



sudurii, stabilizarea absorbtiei de caldura, s.a.m.d). Echilibrul
fortelor incd prevaleazd, dar se modifica deliberat si constant
pentru a controla transferul de metal, cum ar fi prin alterari
pre-programate ale curentului (MIG in impulsuri) sau modificari
on-line ale unuia sau mai multor parametri de sudare.

Termenul clasd de moduri ,,Transfer de metal combinat”
este utilizat intr-un context pentru o clasa in care, fard vreo
interventie din partea operatorului sau a unui sistem de control
adaptiv, doud sau mai multe moduri de transfer se produc
intr-o secventa repetitiva periodic, una urmand alteia drept
consecinta a celei anterioare. De exemplu, variatia curentului,
temperatura electrodului si/sau starea plasmei datoritd modului
de transfer in desfasurare da nastere unor conditii pentru ca
urmatorul mod sa se produca.

2.3. Clasa modurilor de transfer de metal combinat

Modurile de transfer de metal combinate nu sunt foarte
mult comentate in literatura de specialitate, poate pentru ca
sunt dificil de identificat utilizdnd tehnicile de laborator
obisnuite. Pe langa aceasta ele sunt confundate usor cu
instabilitatea temporara a transferului in timpul unei reglari la
setul de parametrii operationali de tranzitie intre doua moduri
naturale adiacente. Ca moduri inregistrate, se pot cita [20]:

» Scurt-circuit — Projected spray;

» Scurt-circuit — Streaming spray;

» Globular — Projected spray;

* Globular — Streaming spray;

» Globular — Short-circuiting — Streaming Spray —
Globular;

> Altele.

Desi cdmpurile de producere a acestor moduri de transfer
sunt localizate intre modurile naturale adiacente, nu trebuie
sa fie confundate cu un mod de transfer de tranzitie, deoarece
acesta se caracterizeaza dupa alte principii de baza, cum ar fi
repetabilitatea secvential periodica (adica, nu este un fenomen
de instabilitate ocazionala intre doua moduri). Modul de
transfer de metal combinat se produce dacad si numai daca
sunt prezente conditiile necesare, adicd o combinatie a
curentului, lungimii arcului, materialului si diametrului sairmei,
gazului de protectie, distantei tub de contact - piesa de lucru
(CTWD) si dinamica favorabild (inductanta) sursei de putere.
Cu alte cuvinte, daca nu exista conditii favorabile intr-o zona
intermediara intre doud moduri naturale, acest mod de transfer
de metal nu se va produce niciodata.

In realitate, toate conditiile favorabile mentionate mai sus
sunt ,,adunate impreuna” pentru a permite curentului de sudare
sa depdseasca Intr-o masura nivelul curentului pentru tranzitia
globular - spray, schimband un mod natural de transfer
(scurtcircuit sau globular in projected spray or streaming
spray). La scurt timp dupa aceasta, curentul scade si tipul
modului de transfer se reintoarce coerent la cel anterior, initiind
un nou ciclu. Se crede ca existd 2 motive (care actioneaza
singure sau impreuna) pentru astfel de variatii tranzitorii sau
ciclice ale curentului.

Primul motiv se referd la fenomenul scurtcircuitului,
depinzand 1n principal atat de inductanta sursei de putere
(raspunsul dinamic al curentului, adica vitezele de crestere si
scadere a curentului) cat si de combinatia electrod-gaz de
protectie (determinand nivelul curentului de tranzitie si durata
scurtcircuitului, adica timpul de crestere a curentului).
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the welding parameters (arc voltage, welding current, wire
feed speed, inductance, etc.) during the metal droplet transfer.
In these modes, the droplet transfer to the weld pool is
primarily influenced by a resultant physical balance of forces
acting on the droplet. There are two distinctive groups of the
natural metal transfer modes: a group in which the metal
droplet is transferring to the weld pool during a contact
between them and another one in which the droplet reaches
the pool in a free flight across the arc gap.

To a certain extent, the class ,, Controlled Metal Transfer” is
composed of ,,improved” natural modes, aiming at improving
operational characteristics of the process, such as spattering
minimization, weld geometry control, heat input stabilization,
and so on). The balance of force still prevails, but it is deliberately
and constantly modified to control the metal transfer, such as by
pre-programmed current alterations (MIG Pulsed) or by on-line
modification of one or more welding parameters.

The term ,,Combined Metal Transfer” class of modes is
used in a context for a class where, without any interference
of the operator or an adaptive control system, two or more
transfer modes occur in a periodic repetitive sequence, one
following the other as a consequence of the previous one.
For instance, the variation of current, electrode temperature
and/or plasma status due to a transfer mode under processing
gives rise to conditions for the following mode to take place.

2.3. Modes of the combined metal transfer class

Combined Metal Transfer Modes are not widely
commented in the current literature, most likely because they
are difficult to be identified using ordinary laboratory
techniques. Besides, they are easily confused with temporary
transfer instability during a setting at a transition operational
envelope between two adjacent natural modes. As registered
modes, it can be cited [20]:

o Short-circuiting — Projected Spray,

o Short-circuiting — Streaming Spray,

* Globular — Projected Spray,

* Globular — Streaming Spray,

* Globular — Short-circuiting — Streaming Spray —
Globular;

» Others.

Though the fields of occurrence of these transfer modes are
located between adjacent natural modes, they should not be
confused with a transition transfer mode, because they are
characterized by other fundamentals, such as sequential
periodic repeatability (i.e., it is not a phenomenon of occasional
nature instability between two modes). The combined metal
transfer mode takes place if, and only if, all necessary conditions
are present, i.e., a combination of current, arc length, material
and diameter of the wire, shielding gas, contact-tube to work
distance (CTWD) and favorable dynamics (inductance) of the
power source. In other words, if there are no favorable
conditions in an intercession area between two natural modes,
this mode of metal transfer will never happen.

Actually, all favorable conditions mentioned above are
»gathered together” to allow welding current to exceed to
some extent the Globular-Spray transition current level,
changing a natural transfer mode (short-circuiting or globular
to projected spray or even streaming spray). Shortly thereafter,
this current decreases and the transfer mode type coherently
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Un curent post scurtcircuit de valoare mare poate sta
temporar deasupra nivelului curentului de tranzitie provocand
transferul de tip spray. Datoritd aceluiasi curent de valoare
mare, viteza de topire a electrodului devine mai mare decét
WFS si lungimea arcului incepe sa creasca progresiv. Deoarece
arcele mai lungi determina scaderea valorii curentului (la surse
de putere cu tensiune constantd), viteza de topire a
electrodului de asemenea scade treptat. Ca urmare, aceasta
devine mai micad decat WFS, iar varful sarmei se apropie de
baia de sudare. Un curent de valoare mica si un arc scurt sunt
conditii favorabile aparitiei scurtcircuitului si ciclul este
repornit. Acest (prim) motiv este predominant in justificarea
producerii modului de transfer de metal combinat ,,scurtcircuit -
spray” (Figura 9).

Short-circuiting

Streaming spray
A

returns to the previous one, initiating a new cycle. It is believed
that there are 2 reasons (acting alone or jointly) for such
transitory and cyclic variations of the current. The first is
related to the short-circuit phenomenon, mainly depending
on both the inductance of the power source (dynamic answer
of the current, i.e. current rising and falling rates) and the
combination electrode-shielding gas (determining the
transition current level and the short-circuit duration, i.e.
current rising time). A high post short-circuiting current may
temporarily stay above the transition current level, provoking
spray transfer. Due to the same augmented current, the
electrode melting rate becomes higher than the WFS and the
arc length starts to increase progressively. As longer arcs make
the current to decrease (in constant voltage power source),

Short-circuiting

Short-circuiting
N

Projected Spray
A

A |
400 E

Curent de tranzitie/ Transition current P 2001 t /
i v 100 |
[ ! - ' ! { [ U, |
Fi o U. ANy I, : P | P . / , |
20 ¢ W 20
VgL R R R . — . SR ——- S T
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Figura 9. Exemple de tipuri de moduri de transfer de metal combinate ,,scurtcircuit — spray”: sus ,,streaming” iar la dreapta
»projected” (sirma electrod din otel carbon 1 mm diametru; U, = 23,5 V; I,,= 170 A; WFS =7 m/min; viteza de lucru = 36 cm/min;
CTWD 18 mm; gaz de protectie Ar + 5%0,). Nota: pentru a sublinia fenomenul, tensiunea arcului a fost, in mod intentionat, fixata

mai mare decdt este normal, cu ratd mare de crestere si scadere a curentului./
Figure 9. Examples of Combined Metal Transfer modes of the type ,, short-circuiting — spray”’: above ,, streaming” and to the right
, projected” (carbon steel wire-electrode of 1,0 mm diameter; U,= 23.5V; 1, = 170 A; WFS = 7 m/min; travel speed = 36 cm/min;
CTWD of 18 mm; shielding gas Ar + 5%0,). Note: To place an emphasis on the phenomenon, the arc voltage was intentionally set
higher than the normal, with high current rising rate and current falling rate.

Al doilea motiv se refera la un fenomen care nu este inca
discutat indeajuns, in mod deschis in literatura. Exista dovezi
carezistivitatea electrica a picaturii devine mai mare decat cea
a coloanei arcului atunci cand se sudeazad cu sdrme din otel
carbon si amestecuri de gaze cu mai putin de 12% CO, [21]. In
timpul transferului globular in astfel de conditii, pe masura ce
picatura creste si in consecintd, arcul se reduce, tensiunea arcului
creste ,,in loc” sa se reduca (ceea ce ar fi de asteptat si ar fi mai
logic). Deoarece o tensiune mai mare conduce la reducerea
valorii curentului la tensiune constanta a surselor de putere (cu
gradient impus de inductantd), viteza de topire a sarmei devine
mai mica decat WF'S. Aceasta accelereaza si mai mult apropierea
varfului sdrmei (cu picaturd globulara) de baia de sudare,
provocand uneori scurtcircuitele incipiente (cu un curent de
scurtcircuit nesemnificativ care nu afecteaza fenomenul).

Impreuna cu cresterea extensiei electrodului, rezistenta
electricd totala incepe sd se reduca (rezistenta de-a lungul
sarmei prevaleaza asupra celei ale coloanei arcului), iar curentul
incepe sa creasca din nou. Acesta ar putea atinge, functie de
inductantd, valori peste curentul de tranzitie (care este mic
pentru acele amestecuri de gaze), rezultand generarea unui mod
de transfer de tip projected spray sau chiar de tip streaming
spray. Viteza mare de topire a electrodului, care rezulta, duce la
cresterea lungimii arcului $i micsorarea curentului,
conditionand, din nou, transferul globular. Un nou ciclu incepe.

the electrode melting rate also falls down gradually. In
sequence, it becomes lower than the WFS and the wire tip
returns to approach to the weld pool. A low current and a
short arc are providential conditions to a short-circuit to occur,
and the cycle is restarted. This (first) reason is predominant
to justify the occurrence of the ,,short-circuiting - spray”
combined metal transfer mode (Figure 9).

The second reason is related to a phenomenon which is
still not discussed openly enough in the literature. There are
evidences that the electric resistivity of the droplet becomes
higher than that of the arc column when welding with carbon
steel wires and shielding gas mixtures with less than 12% CO,
[21]. During a globular transfer under such conditions, as the
droplet is growing and, consequently, the arc is reducing, the
arc voltage grows ,,instead” of being reduced (what would be
expected and would be more logical). As a higher arc voltage
makes the current to reduce in the constant voltage power
sources (with gradient imposed by the inductance), the wire
melting rate becomes lower than the WFS. This accelerates
even more the approach of the wire tip (with a globular droplet)
to the weld pool, sometimes provoking incipient short-circuits
(with an insignificant short-circuit current which would not
affect the phenomenon). Together with the electrode extension
growth, the total electric resistance starts reducing (the
resistance along the wire prevails over that of the arc column),
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Acest al doilea motiv justifica producerea modului de transfer
combinat ,,globular —spray” (figurile 10 i 11).

Figura 12 ilustreazd modul combinat ,,Globular —
scurtcircuit — streaming spray”. Se presupune cd, in acest caz,
ambele motive descrise mai sus actioneaza in mod combinat.
in timpul apropierii varfului sirmei de baia de sudare, intre

Globular
A

Projected spray
A
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and the current starts increasing again. It could reach, also
function of the inductance, values above the transition current
(which is low for those gas mixtures), resulting in a projected
or even streaming spray transfer generation. Resulting high
electrode melting rate does the arc length to grow and the
current to reduce, conditioning again the globular transfer. A

Domeniul de oscilatie a electroduluif
Range of the electrode tip oscillation
Globular

g

Curent de tranzitie/
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Figura 10. Un exemplu de mod de transfer de metal combinat, de tip ,,globular — spray” (o sursi de putere electronica cu
caracteristicd in tensiune constantd; sirma otel carbon Imm diametrul; U, = 27,9 V; [,,= 166 A; WFS = 6,3 m/min; viteza de

lucru = 30 cm/min; CTWD 18 mm; gaz de protectie Ar + 5%0,). Nota: curentul si rezistenta arcului (R,) sunt simetrice in oglinda,
ultimul fiind cel care-1 controleaza pe primul/
Figure 10. An example of the combined metal transfer mode of the type ,,globular — spray” (an electronic power source with the
constant voltage characteristic; carbon steel wire of 1.0 mm diameter;, U,= 27.9 V; I,,= 166 A; WFS = 6.3 m/min, travel speed=
30 em/min; CTWD of 18 mm; shielding gas Ar + 5%0,). Note: the current and the arc resistance (R,) are mirror symmetrical,

being the latter which controls the former.

cadrele 900 — 1028, prevaleaza al doilea motiv, desi cresterea
curentului nu a fost suficientd pentru a depasi tranzitia
globular — spray. Dar, pentru cé a fost un scurtcircuit, tranzitia
modului de transfer de metal a devenit posibila datorita
curentului de post scurtcircuit (primul motiv).

Sunt anumite conditii energetice inca nestudiate in
profunzime, care pot face sa varieze curentul periodic §i sa
genereze un mod de transfer de metal combinat ,,projected
spray — streaming spray” cu interschimbari ciclice intre ele
(figura 13). Se poate presupune cd o generare intensd a
vaporilor metalici intr-un arc streaming spray poate altera
proprietatile plasmei astfel incat sd forteze micsorarea
curentului. Transferul s-ar transforma intr-un mod projected
spray cu generarea unei cantitdti mai mici de vapori metalici,
care ar face curentul sa creasca din nou, s.a.m.d. Dar, principalul
motiv pentru reducerea curentului spre sfarsitul fazei de
streaming spray ar fi o lungime mai mare a arcului. Si viceversa,
in timpul transferului prin projected spray, curentul cu valori
mici conduce la scurtarea arcului provocand o crestere a
curentului si, in final, tranzitia modului de transfer spre
streaming spray. Si intr-un caz si in altul existd o dovada clara
amanifestarii principiilor fundamentale ale modului de transfer

3/2009

new cycle sets in. This second reason justifies the ,,globular —
spray” combined metal transfer mode to occur (Figs. 10 and 11).

Figure 12 illustrates the combined mode ,,Globular — Short-
circuiting — Streaming spray”. It is supposed that, in this case,
both reasons described above are acting in combination.
During the approach of the wire tip to the weld pool, between
the frames from 900 to 1028, the second reason prevails,
though the current increment was not enough to exceed the
globular-spray transition. But, as there was a short-circuit,
the metal transfer mode transition became possible due to the
post short-circuiting current (first reason).

They are certain energetic conditions still not studied deeply
enough, which can make the current vary periodically and
generating a combined metal transfer mode ,,projected spray -
streaming spray” with cyclical interchanges between them (Fig.
13). It can be supposed that an intensive generation of metallic
vapor in a streaming spray arc may alter the plasma properties in
such a way to force the current to reduce. The transfer would
then turn into projected spray with less metallic vapor generation,
what would make the current to increase again, and so on. Or the
main reason for the current to start reducing by the end of the
streaming spray stage would be an increased arc length. And
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de metal combinat, atunci cand variatia conditiilor, datorata
unui mod de transfer anterior, da nastere conditiilor pentru ca
urmatorul mod de transfer sa se produca.

Domeniul de oscilatie a electrodului/
Range of the electrode tip oscillation

Globular Short-circuiting
A

vice-versa, during the projected spray transfer, low current leads
the arc to shorten, provoking a current raise and, finally, the
transfer mode transition towards the streaming spray. In one case

Projected Spray Streaming spray
A A
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Figura 11. Un exemplu de mod de transfer de metal combinat ,,globular — spray” (o sursd de putere electronica cu caracteristicd tensiune
constantd; sirma otel carbon 1 mm diametru; U, = 28,4 V; I,,= 177 A; WFS = 6,5 m/min; viteza de lucru = 36 cm/min; CTWD 18 mm;
gaz de protectie Ar + 2%0,). Nota: succesiunea modului de transfer este dupd cum urmeaza: Globular — Spray projected —
Streaming Spray — Spray projected — Globular, in concordantd cu comportarea curentului./

Figure 11. An example of the combined metal transfer mode of the type ,,globular — spray” (an electronic power source with the
constant voltage characteristic,; carbon steel wire of 1.0 mm diameter; U, = 28.4 V; I,,= 177 A; WFS = 6.5 m/min; travel speed = 36
cm/min; CTWD of 18 mm; shielding gas Ar + 2%0,). Note: the transfer mode succession is as follows: Globular — Spray projected —
Streaming Spray — Spray projected — Globular, in agreement with the current behavior.

Trebuie mentionat cd un al treilea motiv ipotetic pentru ca
sa se produca transferul combinat ,,globular - spray” este atunci
cand se utilizeaza un amestec de gaze pe baza de argon cu mai
mult de 12% CO, (acum rezistenta specifica a coloanei arcului
este mai mare decat cea a picaturii). in timpul fazei transferului
globular, atat timp cat creste picdtura si in consecintd lungimea
arcului se reduce, se reduce si tensiunea arcului (reducerea
caderii de tensiune a coloanei arcului este mai semnificativa
decat o marire a caderii de tensiune in picatura care creste),
cauzand o crestere a valorii curentului atunci cand se utilizeaza
surse de putere de tensiune constanta.

Atunci, daca curentul depaseste nivelul curentului de
tranzitie, se poate produce un mod de transfer de tip spray,

or the other, there is a clear evidence of the manifestation of the
combined metal transfer mode fundamental principles, when
variations of conditions due to a previous transfer mode give
rise to conditions for the following mode to take place.

It is worthwhile mentioning a hypothetical third reason
for the combined transfer ,,globular-spray” to occur when
using an argon based shielding mixture with more than 12%
of CO, (now the specific resistance of the arc column is higher
than that of the droplet). During the globular transfer stage,
as long as the droplet is growing and, consequently, the arc
length is reducing, the arc voltage reduces as well (the
reduction of the arc column voltage drop is more significant
than a voltage drop increment in the growing droplet), causing
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urmat de o crestere a vitezei de topire a electrodului si o crestere
a lungimii arcului. Aceastd comportare poate fi insotita de o
crestere a rezistentei coloanei arcului care poate conduce la o
reducere a curentului. In final, poate fi restabilirea modului de
transfer globular. Un nou ciclu va incepe din nou. Totusi, cu
cat continutul de CO, intr-un amestec de gaz este mai mare, cu

Domeniul de oscilatie a electrodului/
Range of the electrode tip oscillation

Shor-circuitingt
A

Globular
e
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a current increase when using constant voltage power
sources. Then, if the current exceeds the transition current
level, there might be a spray transfer mode established,
followed by an increase of the electrode melting rate and an
arc lengthening. This behavior might be accompanied by an
arc column resistance rising which might guide to a current

Streaming spray Globular
A

0.78

0.82 0.86

0.9 0.I94 O.IQS t(s)

Figura 12. Un exemplu de mod de transfer de metal combinat de tip ,,globular — scurt-circuit — streaming spray” (sursd de putere
electronica cu caracteristica tensiune constanta; sairma otel carbon 1 mm diametru; U, =27,5 V; I,,= 170 A; WFS = 6,5 m/min; viteza de
lucru =36 cm/min; CTWD 18 mm; gaz de protectie Ar +2%0,). Nota: reducerea tensiunii arcului in comparatie cu cazul ilustrat in
figura 6 a constituit una dintre conditiile favorabile pentru producerea acestui mod de transfer./

Figure 12. An example of the combined metal transfer mode of the type ,,globular — short-circuiting — streaming spray” (an electronic
power source with the constant voltage characteristic; carbon steel wire of 1.0 mm diameter;, U,= 27.5V; I,,= 170 A; WFS =
6.5 m/min; travel speed = 36 cm/min; CTWD of 18 mm; shielding gas Ar + 2%0,). Note: the reduction of the arc voltage as compared
with the case shown in Fig. 6 was one of the favorable conditions for this mode to occur.

atat este mai mare si valoarea curentului de tranzitie si astfel
devine mai dificil de depasit. Acesta este principalul motiv
pentru care modul de transfer combinat nu este de obicei
observat atunci cand se utilizeaza amestecuri de gaze pe baza
de argon cu continut bogat de CO, .

Este important de amintit ca atunci cand un utilizator
incearcd sa obtind un mod de transfer de tip spray, procedura
sugereaza fixarea in prealabil a unui curent pornind de la nivelul
scazut al curentului spre cel mai inalt nivel. Atunci cand se
efectueaza o astfel de procedura, se poate produce un transfer
combinat neobservat de tipul ,,globular — spray” (figura 14)
daca amestecul de gaze de protectie are un continut scazut de
CO,. Aceasta nu se observa in cazul in care amestecul de gaze
are un continut de CO, peste 12 - 15% (figura 15).

In final, se poate sustine ca modurile de transfer de metal
combinate, dificil de identificat de sudori/operatori, cauzeaza
perturbari ale procesului (stropi, forma neadecvata a sudurii
si altele) si, astfel, trebuie evitate. Pentru a fi asigurati cd aceasta
nu se intampld, dinamica sursei de putere, factorul care
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reduction. Finally, there might be the re-establishment of the
globular transfer mode. A new cycle would settle down again.
However, the higher the CO, content in a gas mixture, the
higher the transition current value becomes, and, thus, it
becomes more difficult to be exceeded. This is the main reason
why the combined metal transfer mode is usually not observed
when using CO, rich argon based shielding mixtures.

It is important to remember that when a user is trying to get
a spray transfer mode, his/her procedure suggests to pre-set a
current starting from low current level toward the highest.
When fulfilling such a procedure, an unnoticed combined
transfer of the type ,,globular — spray” may take place
(Figure 14) if a shielding mixture used has a low CO, content.
What is not observed if a shielding mixture has a CO, content
above 12 - 15% (Figure 15).

Finally, one can stand that combined metal transfer modes,
difficult to be identified by welders/operators, cause process
disturbances (spattering, weld bead misshape and others) and,
thus, they should be avoided. In order to be secured against
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Spray projected
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Figura 13. Un exemplu de mod de transfer de metal combinat de tip ,,projected spray — streaming spray” (o sursa de putere electronici cu
caracteristicd tensiune constanta; sarma otel carbon 1 mm diametru; U, = 28,7 V; I,,= 207 A; WFS = 8,7 m/min; viteza de lucru =
36 cm/min; CTWD 18 mm; gaz de protectie Ar +2%0,)./
Figure 13. An example of the combined metal transfer mode of the type ,, spray projected — streaming spray” (an electronic power
source with the constant voltage characteristic; carbon steel wire of 1.0 mm diameter; U,= 28.7 V; I,,= 207 A; WFS = 8.7 m/min;
travel speed = 36 cm/min; CTWD of 18 mm;, shielding gas Ar + 2%0,).
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Figura 14. Particularitétile tranzitiei modurilor de transfer de metal atunci cand se utilizeazd un amestec de gaze cu continut scizut de CO,
(sursa de putere electronicd cu caracteristica tensiune constantd; sairma otel carbon 1,2 mm diametru; U, =32 V; WFS a fost schimbat de
la 5 la 8 m/min; viteza de lucru = 40 cm/min; CTWD 18 mm; gaz de protectie Ar +2%CO,)./

Figure 14. Peculiarities of the metal transfer modes transition when using a shielding mixture with a low CO, content (an electronic
power source with the constant voltage characteristic, carbon steel wire of 1.2 mm diameter; U, = 32 V; WFS was altered from 5 to
8 m/min; travel speed = 40 cm/min; CTWD of 18 mm; shielding gas Ar + 2%CO,).

guverneaza fenomenul, nu trebuie sa fie excesiva (vitezele de
marire si micsorare ale curentului nu trebuie sa fie prea mari)
pentru a permite utilizarea amestecurilor de gaze pe baza de
argon cu continut scizut de CO,. In cazul in care aceste
perturbari persista utilizatorii se vor adresa centrelor de cercetare
echipate cu tehnici moderne pentru vizualizarea arcului pentru
a determina domeniul parametrilor de sudare pentru conditiile
date, permitand optimizarea proceselor de sudare si, in particular,

it, the power source dynamics, the governing factor of that
phenomenon, should not be excessive (current rising and falling
rates should not be too high) to allow the use of argon based
shielding mixtures with a low CO, content. In case that these
disturbances persist, the users will have to address to research
centers equipped with modern techniques for the arc region
visualization in order to determine the welding parameters
working range for given welding conditions, allowing welding
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excluzand producerea modurilor de transfer combinat. Din
fericire, transferul globular, care este, in majoritatea cazurilor
,punctul initial” de generare a unui mod de transfer combinat
nu se utilizeaza foarte mult in practica (in literatura de specialitate

Globular repelled
A

Projected spray
AL
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process optimizing and, in particular, excluding combined
transfer modes occurrence. Fortunately, the globular transfer,
which is, in most cases, the ,,initial point” to generate a combined
transfer mode is not used widely in practice (only few references
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Figura 15. Particularitétile tranzitiei modurilor de transfer de metal atunci cand se utilizeaza un amestec de gaze cu continut ridicat de CO,
(sursa de putere electronica cu caracteristicd tensiune constantd; sirma otel carbon 1,2 mm diametru; U, = 37 V; WFS a fost schimbat de
la 6 1a 9 m/min; viteza de lucru = 40 cm/min; CTWD 18 mm; gaz de protectie Ar + 15%CO,)./

Figure 15. Peculiarities of the metal transfer modes transition when using a shielding mixture with a high CO, content (an electronic
power source with the constant voltage characteristic; carbon steel wire of 1.2 mm diameter; U, = 37 V; WES was altered from 6 to
9 m/min, travel speed = 40 cm/min; CTWD of 18 mm; shielding gas Ar + 15%CO,).

pot fi gasite numai cateva referinte privind utilizarea acestuia
pentru table foarte subtiri si treceri la rddacina). Transferul
globular se aplica in special la sudarea aluminiului, unde
transferul combinat nu are motive sa se produca [21].
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