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1. Introducere

Lipirea tare, o tehnica ce este cunoscuta inca din anul 3000
I.H. este una dintre cele mai timpurii tehnici mestesugaresti, in
domeniul imbinérii termice. Lipiturile descoperite la bijuteriile
mormintelor regilor sumerieni vin sd demonstreze aceasta
afirmatie. Deoarece, in acel timp, numai aurul, argintul si cuprul
au fost utilizate, aceste bijuterii au fost, conform descoperirilor
din timpurile moderne, imbinate prin lipire tare. Existd dovada
ca energia de imbinare locala, definita, a fost utilizata in Egipt
din jurul anului 1500 [.H., tehnica, totusi, este considerabil
mai veche. Lipirea moale trebuie ca a fost cunoscuta de cétre
grecii antici deja in jurul anului 2000 I.H. in jurul anului 300 I.H.,
lipirea moale prin intermediul aliajului de fier era dezvoltata in
intreaga regiune Mediteraneana [1].

Astazi, lipirea tare este utilizata la imbinarea diferitelor
materiale similare si disimilare. Lipirea tare se remarca prin
adaptabilitatea individuala fata de sarcinile de imbinare si
energiei de imbinare comparativ scizutd in metalul de baza. in
special, in ultimii ani cererea industriilor cu grad inalt de
specializare — cum sunt industriile constructoare de avioane,
de imbinare sigure, a imbindarilor de substantd pozitiva, a
condus la realizari tehnice importante in domeniul procedeului
de lipire tare, al lipirii la temperatura ridicata si al aplicatiilor
acesteia. In cursul acestor realizari si lipirea tare cu arc electric
in mediu de gaz protector, care a fost utilizatd sporadic de
fabricantii de automobile, inca din anii *80,s-a Tmbunatatit prin
cercetare consecventd [2, 3, 4]. Lipirea tare cu arc electric in
mediu de gaz protector s-a stabilizat intre timp in industrie i
in special in domeniul imbinarii tablelor subtiri acoperite,
adesea inlocuind metoda perimata, binecunoscuta a sudarii
electrice in mediu de gaz protector. in cadrul incercarilor de
laborator aplicarea tehnologiei in tandem pentru lipirea tare a
demonstrat potentialul ridicat al acestei tehnologii, lipirea tare
cu arc electric in mediu de gaz protector, in ceea ce priveste
viteza de imbinare §i imbunatatirea abilitatii de acoperire a
rostului. In practica, totusi, aceasta metoda se utilizeaza inca
destul de greu. In prezent, tehnica lipirii in tandem se utilizeaza
pentru imbinari lungi cu viteza mare, de exemplu, fabricarea
containerelor sau imbinarea sudurilor pe circumferinta,
dispozitivul de eliminare a gazelor in cazul automobilelor. Fata
de procedeul de imbinare cu o singura sarmé, procedeul in
tandem are limitele sale, in aplicatiile practice, datorita
multitudinii parametrilor de fixare a celor doua surse de putere
si a interactiunii lor. O altd variantd, discutatd in mod curent, a

1. Introduction

Brazing, a technique which has been known since around
3,000 B.C., is one of the earliest craft techniques in the field of
thermal joining. Brazes found in jewellery from Sumerian
kings’ tombs substantiate this assumption. As, for the time
being, just gold, silver and copper had been used, these
findings were, according to modern understanding, made with
brazed joints. There is proof that the locally defined heat input
has been used in Egypt around 1,500 B.C., the technique,
however, is probably considerably older. Soldering must have
been known by the ancient Greek already in approx.
2,000 B.C. At around 300 B.C., soldering by means of the
solder iron has been carried out in the entire Mediterranean
region [1].

Today, brazing is used for joining various kinds of similar
and dissimilar materials. Brazing stands out for its versatility
in regard to automation possibilities, the individual
adaptability to the joining task and also to the comparatively
low energy input into the base metal. Especially in recent
years the demand of highly specialised industries - such as
aircraft or aerospace industries, or power engineering - for
safe joining possibilities of positive-substance joints has led
to important technical developments in the field of hard and
high temperature brazing and its applications. In the course
of these developments also GMA brazing which had been
used sporadically by car manufacturers already during the
Eighties had been improved by consequent research [2, 3, 4].
GMA brazing has meanwhile established itself in the industry
and it has, particularly in the field of joining coated thin plates,
frequently superseded the well-established GMA welding
method. In laboratory tests, the application of the tandem
technology for brazing has shown the high potential of this
technology in regard to the joining speed and the
improvement of the gap bridging ability. In practice, however,
this method is still hardly made use of. At present, the tandem
brazing technique is used for joining long seams with a high
speed, for example, in container engineering or in brazing of
circumferential welds in car exhaust gas equipment. In contrast
to the single wire process, the tandem process has its limits in
practical application because of the multitude of setting
parameters for the two power sources and their interaction.
Another currently discussed process variation is GMA brazing
using a square electrode cross-section instead of the
conventional rounded one. In contrast to the single wire
method, this method is characterised by higher deposition
rates which are transferred into larger input volumes or higher
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procedeului este lipirea electricd in mediu de gaz protector cu
utilizarea unui electrod de sectiune péatrata in locul celui ro-
tund, conventional. In contrast cu metoda cu o singura sirma,
aceasta metoda se caracterizeaza prin viteze mari de depunere,
care sunt transferate in volume mai mari de energie sau viteze
de sudare mai mari si de asemenea printr-o acoperire buna a
rostului datorité sectiunii transversale a electrodului.

2. Tehnologia procedeului de lipire tare in
mediu de gaz protector

Caracteristica fundamentald comuna sudarii i lipirii tari este
umplerea rostului dintre doud componente cu metal topit
partial sau complet sau aliaj de metal. Diferenta principala
intre cele doud metode este totusi de domeniul metalurgiei.
La lipirea tare (prin definitie) si in contrast cu sudarea, se
produce numai topirea nesemnificativd a metalului de baza.
Materialul de adaos este cel care este topit in timpul procesului
de imbinare. La lipirea tare in mediu de gaz protector,
temperaturile inalte din arc cauzeaza o eroziune minima a
metalului de baza care nu trebuie sa depiseasca de 0,3 ori
grosimea tablei subtiri [5, 6].

In cazul procedeului de lipire tare in mediu de gaz protec-
tor se poate aplica acelasi echipament tehnologic ca si in cazul
sudarii in mediu de gaz protector. Singura trasaturd
caracteristica este materialul de adaos. Electrozi sarma cu grad
scazut de topire, pe baza de cupru se utilizeaza la lipirea tare,
figura 1.
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Figura 1. Tehnologia procedeului de lipire tare
in mediu de gaz protector

Figure 1. Technology of GMA Brazing

in aplicatiile industriale se utilizeaza materiale de adaos
pentru lipire standardizate si sirme de sudare pe baza de cupru
nestandardizate. Toate materialele pentru lipire au la baza mini-
mum 80% cupru. Alierea se face cu continut de pand la 4%
siliciu, 8% aluminiu, 10% zinc, 2% mangan, 6% nichel si alte
elemente de aliere. Domeniul de topire al metalelor de adaos
pentru lipire tare este, de reguld, intre 900° si 1100°C. Realizari
recente in domeniul materialelor de adaos au ca scop scaderea
in continuare a temperaturii de topire sau se refera la proprietati
metalurgice speciale, in particular pentru imbinarea otelurilor
de 1nalta rezistenta.

in cazul tablelor din otel galvanizate si a diferitelor
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welding speeds and also by a good gap bridging ability
because of the electrode cross-section.

2. Technology of GMA Brazing

The common fundamental feature of welding and brazing
is the filling of the gap between two components with partially
or completely molten metal or metal alloy. The principal
difference between the two methods lies, however, in the field
of metallurgy. In brazing (by definition) and in contrast to
welding, just insignificant base metal melting occurs. It is
merely the filler material which is molten during the joining
process. In GMA brazing, the high temperatures in the arc
cause a minimum base metal erosion which must not exceed
the 0,3fold of the sheet thickness [5, 6].

For GMA brazing the same equipment technology as used
for GMA welding can be applied. The only distinctive feature
is the filler material. Low-melting wire electrodes on a copper
basis are used for brazing, Figure 1.

In industrial application, standardised brazing filler metals
and also non-standardised copper welding wires are used. All
brazing solders are based on a minimum of 80% of copper.
Alloying is carried out with contents of up to 4% silicon, 8%
aluminium, 10% tin, 2% mangan, 6% nickel and other alloying
constituents. The melting range of the brazing filler metals
lies, as a rule, between 900° and 1100° Celsius. Recent
developments in the field of filler materials are aiming towards
the further decrease of the melting temperature or to special
metallurgical properties, particularly for the joining of higher-
strength steels.

With galvanised steel sheets and with various shielding
gas mixtures the metal transfer has been analysed by means of
high-speed photographies. It could be established that,
principally, sound droplet transfers to the workpiece are
possible when a step pulse and pure argon were used. The
parameter window for maintaining the “one-droplet-per-
pulse” transfer is, however, very small as the metal droplet
detaches rather viscously, Figure 2, left. At the end of the
pulsed phase root formation occurs between droplets pinching
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Figura 2. Influenta gazului de protectie asupra transferului
de metal la lipirea tare in mediu de gaz protector
Figure 2. Influence of the Shielding Gas on
the Metal Transfer in GMA Brazing
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off and the fixed wire stickout. A twofold root separation
leads to the formation of small micro spatters. Active gas
components in the shielding gas have a process-stabilising
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amestecuri de gaze transferul de metal a fost analizat prin
intermediul fotografiilor de mare viteza. S-a stabilit cd, in
principiu, transferul de calitate al picéturii la piesa este posibil
atunci cand se utilizeazd impulsul in trepte si argon pur.
Fereastra parametrului pentru mentinerea transferului de tip
,,0 picitura pe puls” este totusi foarte mic deoarece picétura
de metal se detaseaza mai degraba vascos, figura 2, stanga. La
sfarsitul fazei in impulsuri se produce formarea radacinii intre
picaturile care se desprind si lungimea libera fixa a sirmei. O
separare 1n doua parti a radacinii conduce la formarea unor
stropi de dimensiuni mici. Componentii gazului activ in gazul
de protectie au un efect de stabilizare al procesului. Cu
parametri absolut identici, figura 2 arata comparatia dintre un
gaz de protectie care contine 100% argon pur si un amestec
de gaz care contine 99% argon si 1% oxigen.

Sub influenta oxigenului latimea arcului este considerabil
mai mare, gatuirea lungimii libere a sarmei este mult mai
concentratd. Efectul proportiilor de oxigen din gazul de
protectie in formarea baii de sudare este bine cunoscut.
Regularitéti egale sunt, totusi, de aplicat lungimii libere a
sarmei. Proportia de oxigen reduce tensiunea de la suprafata
lungimii libere a sarmei deja topite si conduce la o actiune mai
eficientd a fortelor de desprindere.

Observatii similare au fost facute atunci cand s-au utilizat
amestecuri de gaze de protectie cu continut de pana la 2%
CO,, argon rezidual. Totusi trebuie sa se acorde atentie faptului
ca prin cresterea proportiilor de gaz activ procesul se incélzeste,
ceea ce are efect imediat asupra arderii continutului de zinc.
Proportiile de heliu de pana la 30% sau continutul in hidrogen
pana la 2% in argon utilizat drept gaz de protectie cauzeaza
procedee de lipire tare foarte calde, o imbunitétire usoara a
stabilitatii procesului este explicatd de energia mai mare la
lungimea libera a sarmei.

Deoarece echipamentul procesului este aproape identic cu
echipamentul pentru sudarea in mediu de gaz protector
(GMA), sursele de putere existente pot fi utilizate, in mod
frecvent pentru lipirea tare GMA. Pentru alimentarea fiabild a
sarmelor si benzilor din bronz, care sunt mai moi decat cele
din otel, se recomanda un sistem cu patru role in combinatie
cu un cap de lipire ,,push pull”.. datorita flexibilitatii
tridimensionale limitate a electrodului banda, pachetul de
cabluri trebuie — pentru o alimentare sigurad cu banda — sa fie
pe cat de neted posibil, aranjat in bucle largi. Suplimentar,
pentru tranzitia sigurd a curentului la lipirea tare cu banda
este necesar un contact fortat.

La lipirea tare GMA, posibilitatea existentei stratului de
oxid este distrusa de temperaturile inalte din arc. De aceea, si
in contrast cu alte metode de lipire tare acesta poate fi dispersat
prin aplicarea fluxului, atmosfera de gaz protejeaza zona de
lipire impotriva oxidarii in timpul fazei de solidificare. Lipirea
tare GMA este, deci, acceptabila din punct de vedere al
protectiei mediului.

In cazul lipirii tarii GMA energia liniara in piesa este foarte
scédzutd, de fapt mai micd de 50% in comparatie cu sudarea,
care, pe de o parte, conduce la mai putind deformare a piesei
si pe de alta parte, la mai putind deteriorare termica in cazul
pieselor care pot fi placate. Costurile pentru lucrarile de
indreptare sau dispozitive de fixare scumpe pot fi reduse. Viteza
de imbinare in cazul lipirit GMA, in general, poate fi mai mare
decat in cazul procedeelor de sudare, ceea ce se datoreaza
capabilitatii materialului de adaos de a realiza o buna imbinare.

effect. With absolutely identical parameters, Figure 2 shows
the comparison between a shielding gas consisting of 100%
pure argon and of a shielding gas mixture consisting of 99%
argon and 1% oxygen.

Under the influence of oxygen the arc formation is
considerably wider, the necking at the wire stickout is much
more concentrated. The effect of oxygen proportions in the
shielding gas onto the weld pool formation is well known.
Equal regularities are, however, also applying to the wire
stickout. The oxygen proportion reduces the surface tension
of the already molten wire stickout and leads to a more effective
action of the pinch forces.

Similar observations were made when shielding gas mixtures
with contents of up to 2% CO,, residual argon, were used.
Attention, however, has to be paid to the fact that with
increasing active gas proportions the process is heating up,
which has immediate effects upon the burning of the zinc
content. Helium proportions of up to 30% or hydrogen
contents of up to 2% in the shielding gas argon cause very
hot brazing processes, a slight improvement of the process
stability is, primarily, explained by the higher energy at the
wire stickout.

As the process equipment is almost identical to the
equipment for GMA welding, extant power sources may
frequently be used for GMA brazing. For the reliable feeding
of the bronze wires and strips which are softer than steel wires,
a four-roll drive in combination with a push pull torch is
recommendable. Because of the limited three-dimensional
flexibility of the strip electrode, the hose package must - for a
safe strip feeding - be laid as even as possible, arranged in
wide loops. Moreover, for a safe current transition in strip
brazing a forced contacting is necessary.

In GMA brazing, the possibly existing oxide layer is
destroyed by the high temperatures in the arc. Thereby and
in contrast to other brazing methods, it can be dispensed with
the application of flux, the shielding gas atmosphere protects
the soldering zone from oxidation during the solidification
phase. GMA brazing is, therefore, environmentally highly
acceptable.

In GMA brazing the energy input into the workpiece is
very low, actually lower than 50% as compared to welding,
which, on the one hand leads to less distortion of the
workpiece and, on the other hand, to less thermal damage to
possible workpiece coatings. Costs for subsequent
straightening work or expensive fixtures may be reduced. The
joining rate in GMA brazing may, in general, be selected higher
than this is possible for welding processes which is due to the
good gap bridging ability of the solder.

GMA brazing has already become established as a method
for joining galvanised thin sheets. While, during welding of
galvanised steel sheets a large part of the coating is destroyed
in the weld region and the complete joining zone is susceptible
to corrosion, the brazing seam itself is not susceptible to
corrosion. Beside the brazing seam, due to the significantly
low energy input, merely a narrow evaporation zone of 1 - 2 mm
results which is protected from corrosion through the cathodic
sacrificial action of the zinc. Numerous advantages make GMA
brazing an alternative joining method, especially in comparison
with the conventional GMA welding as used by the car
industry. The disadvantage of the higher prices for bronze
wires (10 up to 20 times higher), compared with conventional
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Lipirea GMA a devenit deja o metodd de imbinare pentru
otelurile subtiri galvanizate. In timp ce la sudarea tablelor
subtiri din otel galvanizat o mare parte a acoperirii este distrusa
in regiunea sudurii, iar zona de imbinare completa este sensibila
la coroziune, lipitura nu este sensibila la coroziune. Langa
lipitura, datoritd energiei liniare semnificativ scizute, rezulta
numai o zona ingustd de evaporare de 1-2mm care este
protejatda de coroziune prin actiunea de sacrificiu catodic a
zincului. Avantaje numeroase fac ca lipirea GMA sa fie o
metoda alternativd de imbinare, 1n special in comparatie cu
sudarea conventionala GMA aga cum este utilizata de indus-
tria automobilelor. Dezavantajul preturilor mai mari pentru
sarma din bronz (10 pana la 20 ori mai mari), in comparatie cu
sdrmele conventionale de sudare, sunt mai mult decat com-
pensate printr-un potential ridicat de economie la pretul de
cost in cazul lucrérilor de finisare a imbinarii.

3. Tehnologia in tandem / cu banda

Tehnologia cu doud sarme este caracterizata printr-un al
doilea electrod sirma intr-o duza obisnuita cu gaz de protectie
si prin transferul de material intr-o baie de sudare obisnuita. O
diferentiere se face intre tehnica cu doua sarme si tehnica in
tandem. Ambii electrozi au un potential obisnuit in cazul
tehnicii cu doud sdrme, 1n cazul tehnicii in tandem, potentialele
individuale sunt separate. Deoarece in cazul metodei cu doua
sarme se poate utiliza numai pulverizarea in arc sau arcul in
impulsuri inalte de energie metoda in tandem este singura
care se aplica la lipirea tare cu doud sarme prin tehnicile
procesului cu energie scidzutd. Aceastd metoda este
caracterizatd prin avantajul cd parametrii pentru fiecare
electrod se pot regla separat si cd astfel pot fi utilizate toate
tipurile de arc. In practica, totusi, se aplici numai arcul in
impulsuri, arcul scurt sau o combinatie a acestora.

In timp ce arcului scurt, in special in afara pozitiei, este
usor de reglat, micro stropii nu pot fi evitati complet ceea ce
se datoreazd dinamicii puternice a bdii topite si detasarii
neregulate a picaturii in faza de scurt circuit. Fundamental,
arcul scurt impune mai putina energie liniard in componenta
decat un arc in impulsuri. Imbinarea este, totusi, mai rigida si
are o zond mai mici de topire cu metalul de baza. In contrast
cu lipirea tare in impulsuri $i cu conditia ca zona de topire si
calitatea lipirii sa fie compatibile, mai multd sarma si deci mai
multa energie sunt alimentate spre componenta.

Surse de putere programabile permit setarea proceselor fara
stropi, cu arc in impulsuri pentru otelurile neplacate. In cazul
tablelor subtiri neplacate, forme trapezoidale de impuls si
vitezele de urcare a pantei / coborare conduc la un transfer de
metal de calitate la lungimea libera a sarmei. In cazul tablelor
subtiri placate, in special 1n cazul lipirii tari in domeniul
energiilor scdzute si vitezelor de alimentare a sdrmei scazute
(asa cum sunt setate pentru lipirea tare manuald), s-a
demonstrat ca sunt avantajoase formele de impuls cu
caracteristica in trepte. Pentru o influenta redusa in arc,
impulsul in trepte asa cum este utilizat la lipirea tare in tandem
trebuie sa fie sincronizat si alternativ, figura 3.

Functie de tipul placérii si a materialului de adaos addugat,
acest impuls 1n trepte trebuie si fie fixat individual pentru a
atinge transferul ,,0 picaturd per impuls” cauzat de diferite
presiuni de evaporare pentru straturile de acoperire. Impulsul
in trepte este cel mai bine reprezentat de impulsul de arc
modulat Ip/1; (adica reglarea de curent continuu in impuls §i
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welding wires, is more than compensated by a high cost saving
potential in weld finishing works.

3. Tandem-/ Strip-Technology

The twin wire technology is characterised by a second
wire electrode in a common shielding gas nozzle and by the
material transfer into a common weld pool. A differentiation
is made between the twin wire technique and the tandem
technique. It applies for the twin-wire technique that both
electrodes have a common potential, for the tandem technique
that the individual potentials are separated. As in the twin-
wire method only the spray arc or the energy-rich pulsed arc
can be used, it is the tandem method which is solely applied
for twin wire brazing with low-energy process techniques.
This method is characterised by the advantage that the
parameters for each electrode are separately adjustable and
that, thus, all types of arc can be used. In practice, however,
just the pulsed arc, the short arc or a combination thereof are
applied.

While the short arc, particularly in out-of-position tasks, is
easy to adjust, micro spatters can not be completely avoided
which is due to the strong dynamics of the molten pool and
the connected irregular drop detachment in the short-circuit
phase. Basically, the short arc entails less energy input into
the component than a pulsed arc. The brazen seam is,
however, more reinforced and has a smaller fusion zone with
the base metal. In contrast to pulsed arc brazing and provided
that the fusion zone and the seam quality are comparable,
more wire and thus more energy are fed to the component.

User-programmable power sources allow the setting of
spatter-free processes with the pulsed arc for uncoated sheets.
With uncoated steel sheets, trapezoidal pulse shapes and
upward slope/downward slope speeds lead to a sound metal
transfer at the wire stickout. With coated steel sheets,
especially in the field of brazing in the lower power range
with low wire feed speeds (such as set for manual brazing),
pulse shapes with a step characteristics have shown to be
advantageous. For a reduced influence on the arcs the step
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Figura 3. Secventd de impuls alternativ in trepte

Figure 3. Alternating step pulse sequence

pulse as used in tandem brazing should be synchronised and
alternating, Figure 3.

Depending on the coating and the added filler material,
this step pulse has to be set individually to reach “one-droplet-
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de fond). Deoarece cu reglarea curentului continuu in faza de
impuls, nu se produce stabilizarea lungimii arcului, procesul
de lipire tare devine instabil in cazul functionarii defectuoase
a procesului. Deci, sursa de putere trebuie sa fie echipata cu
un dispozitiv de reglare rapida a lungimii arcului [7].

Dispunerea electrozilor unul in spatele celuilalt pe directia
de sudare conduce la formarea unei bai topite alungite,
imbunatatite semnificativ prin aceasta, iar numérul porilor in
cusitura sudatd cu viteze de sudare mai mari i gaze de
protectie bune, sunt considerabil reduse.

Swdare GMA cw o sdrma
One=Wire G4 Weiding

Sudare MGA cwr dowd sdrme

Two=Wtre G4 Weiding
i sl awe pogis

e raleouka ! Turmed

n bEm! v v

Figura 4. Formarea bdii topite la lipirea cu o singurd sarma
si lipirea cu doua sarme
Figure 4. Formation of the molten pool in single wire
brazing and two-wire brazing

Ca si in cazul lipirii tari, marginile componente care
urmeaza a fi imbinate sunt topite putin sau de loc.
Rosturile pot fi unite printr-o punte prin intoarcerea sirmei
electrod transversal pe directia de imbinare chiar la viteze
mai mari de imbinare. Aceasta permite tolerante mai mari
pieselor si o pregatire simplificata. Inclinarea arzitorului
permite, de asemenea influenta asupra geometriei imbinarii.
O rotatie usoard in jurul axei centrale a arzétorului are
efectul de a largii imbinarea. Rezultatul este o sudurda mai
platéd si o zona de topire mai mare a metalului de adaos cu
metalul de bazd. Unghiul de umectare la contact este, de
asemenea influentat 1n mod pozitiv. Unghiul devine mai
mic ceea ce duce la imbundtatirea comportarii rezistentei
la oboseala.

La lipirea tare cu banda, regiunea interioara arcului, ca
si in cazul tehnicii cu o sdrma, se poate dezvolta, totusi,
functie de sectiunea transversala a electrodului, prin
rotatie simetricd, o regiune alungitd, ovala in exteriorul
arcului, figura 5. Astfel influenta asupra formei baii topite
poate fi extinsa, ca si la lipirea tare in tandem. Pozitia benzii
in lungul directiei de imbinare conduce la o mai buna
degazeificare a metalului topit, chiar la viteze de imbinare
mai mari, pozitia transversala conduce la imbunatétirea
abilitatii de a realiza puntea peste rost.

4. Cresterea vitezei de imbinare

Unul dintre avantajele lipirii GMA este cresterea vitezei de
imbinare, in comparatie cu lipirea cu o singurd sarma sau lipirea
cu banda sau material de adaos. Tehnica lipirii cu material de
adaos sau in tandem permite cresterea vitezei de imbinare cu
aproximativ 50% in comparatie cu tehnica de lipire cu o singura
sarma, tehnica in tandem permite cresterea cu 150% - 300%.
Cresterea depinde de diversi factori. Factorii principali sunt

per-pulse” transfers caused by different evaporation pressures
for the coatings. The step pulse is best represented with the
Ip/Ig-modulated pulsed arc (i.e. constant-current regulation
in the pulsed and background current phase). As, with a
constant current regulation during the pulsed phase, arc
length stabilisation does not occur, the brazing process
becomes unstable in the case of process malfunctions.
Therefore, the power source must be equipped with a fast
reacting arc length regulation. [7].

The arrangement of the electrodes behind one another in
welding direction results in an oblong molten pool, Figure 4.
The degasification possibilities of the molten pool are
significantly improved by this and the number of pores in the
seam, especially with higher joining speeds and good gas
shielding, is considerably reduced.

As in brazing, the component edges which are to be joined
are fused minimally or not at all, gaps may be bridged by
turning the wire electrode transversally to the joining
direction, even at higher joining speeds. This allows greater
part tolerances and a simplified prefabrication. The torch tilt
also allows influence on the seam geometry. A slight rotation
around the central axis of the torch already has the effect of
widening the seam. The result is a flatter seam and a larger
fusion area of the braze metal with the base metal. The wetting
angle of contact is also positively influenced. The angle is
getting smaller which leads to the improvement of the fatigue
strength behaviour.

In strip brazing, the inner arc region is, as in the single wire
technique, rotationally symmetric, dependent on the electrode
cross-section, however, an oblong, oval outer arc region may
develop, Figure 5. Thus influence on the molten pool shape
may be exerted, as in tandem brazing. The position of the strip
along the joining direction leads to a better degasification of
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Figura 5. Formarea arcului la lipirea cu banda

Figure 5. Arc formation in strip brazing

the molten metal, even with higher joining speeds, the
transversal position leads to the improvement of the gap
bridging ability.

4. Increase in joining speed

One of the advantages of GMA brazing is the increase of
the joining speed, in comparison with single wire or strip/fillet
brazing. The fillet or tandem brazing technique allows the
increase of the joining speed by about 50%, compared to the
single wire technique, the tandem technique allows increases
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metalul de adaos utilizat, combinatia gazului de protectie, tipul
invelisului §i grosimea acestuia si de asemenea posibilele
tolerante ale piesei.

In vederea cercetarii, viteza de imbinare in cazul unei
imbinéri cu metal de adaos la o imbinare suprapusa pe o tabla
subtire placatd (St 05 Z150) a fost maritd pand la 8m/min,
figura 6.
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Figura 6. Marirea vitezei de imbinare prin tehnica in tandem

Figure 6. Increasing the joining speed by means of
the tandem technique

Materialul de adaos utilizat a fost bronz cu staniu (BS60).
Bronzul cu staniu este caracterizat printr-un punct de topire
foarte scazut (in special scazut pentru un metal de lipire pe
bazd de cupru) si printr-o fereastra mare intre temperatura
liquidus si solidus. Prin aceasta si timpul pentru degazeificarea
metalului topit cu vitezd mare a fost mérit. Gazul de protectie

Matorial de adags: CuS0 (2 Bel,5 mime)
Witeza de g 2 mimin
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Fillior Mals!: CuS/3 (2.800.5 mm?)
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Figura 7. Lipirea tare cu banda cu electrodul
pozitionat in lungime

Figure 7. Strip braze with the electrode positioned alongside

utilizat a fost un amestec de trei componente si anume 0,8%0,,
20% He si argon.

Imbinarea lipita are o suprafatd neteda, iar transferul
metalului de adaos spre metalul de baza este fin. Arderea
continutului de zinc pe langa imbinarea lipitd este doar de
cativa zeci de milimetri, pe Imbinare, pe partea inferioara se
observa o urma de zinc influentata termic. Protectia impotriva
coroziunii a fost mentinuta complet.

In aplicatii practice, SG-CuSi3 se utilizeaza in mod frecvent
in combinatie cu un amestec de gaz de protectie din argon si
aproximativ 100% O,. Cu viteze mai mari de imbinare, in
domeniul limitei, totusi, se produc pori mai multi si se formeaza
stropi mai multi. In incercarile care utilizeaza tehnologia
imbinirii cu metal de adaos /banda pentru aceasta combinatie
sarma/gaz de protectie viteza a crescut pani la 3m/min. in
acest scop, depunerea cu metal de adaos/ banda a fost
pozitionata de-a lungul cusaturii, figura 7. Pe langa o cantitate
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of 150% and up to 300%. The possible increase depends on
various factors. The main factors are the used filler metal, the
shielding gas combination, the type of coating and its
thickness and also possible part tolerances.

Within the scope of a research project, the joining speed
for a fillet weld on lap joint on a coated steel sheet (St 05 Z150)
was increased by up to 8m/min, Figure 6. The used filler metal
was tin bronze (BS60). The tin bronze is characterised by a
very low melting point (particularly low for a copper-based
braze metal) and by a large window between liquidus and
solidus temperature. By this, the time for the degasification of
the molten metal also with high speeds has been increased.
The used shielding gas was a three-component mixture,
consisting 0f 0,8% O,, 20% He and argon.

The brazing seam has a smooth surface and the brazing
filler metal transfer to the base metal is fine. The burning of
the zinc content besides the seam is just a few tenths of
millimeters, on the seam underside a thermally effected trace
of zinc is observed. The corrosion protection has been
maintained completely.

In practical application, SG-CuSi3 is frequently used in
combination with a shielding gas mixture of argon and approx.
one percent of oxygen. With higher joining speeds in the
fringe range, however, increased pore and spatter formation
occurs. In tests using the fillet/strip technology for this
wire/shielding gas combination the speed was increased up
to 3m/m For this purpose, the fillet/strip was positioned
alongside of the seam, Figure 7. Besides a low spatter and
pore number, attention was paid to a high process stability
which is not sensitive towards varying gap widths, (compare
Figure 9).

All three techniques have in common that with the
increasing joining speed the seams are flatter and wider. With
the increasing joining speed and the respective wire feed
speed, the arc pressure on the molten pool is increased and
the braze metal is drifting apart to a stronger degree. There is
also a short-time and stronger overheating of the molten metal
which leads to a reduction of the viscosity — the result is the
improvement of the flow behaviour. Besides the changed seam
formation, the energy-per-unit length decreases with higher
joining speeds. This is ascribed to the lower quantity of braze
metal and to the higher energy density with higher wire feed
speeds.

5. Gap bridging ability

GMA single wire brazing offers a significant improvement
of the gap bridging ability in comparison with GMA welding.
With gap widths that are wider than the sheet thickness, this
method, however, reaches its limits. The higher quantity of
necessary brazing metal for the bridging of large gaps means
an increased energy input into the base metal which again
leads to a strong local melting of the base metal and the dilution
with the brazing metal. This may have a strength-reducing
effect on the seam, in particular in combination with a strong
corrosive attack.

In order to bridge large gaps in a reliable way and for a
minimum of base metal fusion, the brazing material must be
fed decentralised to the molten pool. This may, within its limits,
be carried out by means of a strip/fillet (transverse to the
joining direction) instead of a round wire or, better, by turning
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scédzutd de stropi i numar mic de pori, atentia a fost retinuta
de stabilitatea ridicatd a procesului care nu este sensibila la
variatia latimii rostului (comparati figura 9).

Toate trei tehnicile au in comun faptul cd pe masura ce
viteza creste imbindrile sunt mai plane si mai late. Cu cresterea
vitezei de Tmbinare i respectiv a vitezei de alimentare cu sarma,
presiunea arcului asupra baii topite creste, iar metalul de lipire
curge intr-un grad mai mare. Existd de asemenea, o
supraincdlzire mai puternica in timp scurt a metalului topit
care conduce la o reducere a vascozititii — rezultatul este
imbunatatirea comportérii la curgere. Pe langa formarea
cusaturii modificate, energia pe unitatea de lungime scade la
viteze de imbinare mai mari. Aceasta se atribuie cantitétii mai
mici a metalului de lipire si densitatii mai mari de energie la
viteze mai mari de alimentare cu sdrma.

5. Capacitatea de umplere a rostului

Lipirea tare in mediu de gaz protector cu o singurd sarma
oferad o imbunatatire semnificativa a capacitdtii de umplere a
rostului in comparatie cu sudarea in mediu de gaz protector.
In cazul unor latimi de rosturi ce sunt mai mari decat grosimea
tablei subtiri, aceastd metoda, are totusi limitele ei. Cantitatea
mai mare de metal de lipire necesara pentru imbinarea rosturilor
mai mari inseamna o energie de lipire mai mare in metalul de
bazd care din nou conduce la o topire locald puternicid a
metalului de baza si dilutia cu metalul de lipire. Acest mod are
un puternic efect de reducere a rezistentei asupra cusaturii, in
special in combinatie cu un atac corosiv puternic.

Pentru a imbina rosturi mari intr-un mod sigur si pentru o
topire minimd a metalului de baza, metalul de lipire trebuie
aplicat dezaxat fatd de baia topita. Aceasta poate, in cadrul
propriilor limite, sa fie efectuata prin intermediul benzii/
metalului de adaos (transversal pe directia de imbinare) in
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Figura 8..Capacitatea de umplere a rostului — comparatie

Figure 8. Gap bridging ability — a comparison

locul unei sarme rotunde, sau mai bine, prin rotirea capului de
lipire in cazul lipirii in tandem. Rotirea capului de lipire are ca
rezultat largirea béii topite. Introducerea printr-o suprafata
mare a energiei in metalul de baza conduce la o mai buna
disipare in baia topitd. Topirea metalului de bazi este
semnificativ redusa.

Pentru epruveta prezentata in figura 8 a fost utilizat acelasi
metal de baza (St 05 Z150), acelasi gaz de protectie (1% O, +
Ar) si acelasi metal de adaos (CuSi3). Latimea rostului a fost
stabilita la 1,2mm pentru fiecare, ceea ce corespunde la 1,5 ori
grosimea tablei subtiri. Fotografiile imbinarii aratd numai mici

the torch in tandem brazing. The turning of the torch results
in the widening of the molten pool. The large-surface input of
the energy into the base metal leads to a better dissipation
from the molten pool. The fusion of the base metal is
significantly reduced.

For the specimens shown in Figure 8§ the same base metal
(St 05 Z150), the same shielding gas (1%0, + Ar) and the
same filler metal (CuSi3) have been used. The set gap width
was 1,2mm each which corresponds with the 1,5fold of the
sheet thickness. The seam photographs show only slight
differences between the individual methods, the macro-
sections, however, show the differences clearly. In single wire
brazing, the upper sheet is molten by approx. 2mm and a strong
dilution between brazing material and base metal occurs. The
lower sheet is as well strongly molten in the area of the bead.
In fillet brazing, the fusion of the upper sheet is less
significant, in the area of the bead, however, still strong fusion
of the base metal and thus the dilution with the brazing material
occurs. In tandem brazing, the edge of the upper sheet is just
slightly molten. The dilution of the base and filler metal is
insignificant. The brazing material flows deeply into the gap
and fuses large areas with flat transition angles to the base
material.

In industrial practice gap widths are varying. In order to
react to this fact in single wire welding, an increased braze
metal quantity is used (in relation to: gap = zero). The possibly
wider seam formation in fillet and tandem technology allows
to work with smaller braze metal quantities; still reliable fusion
of the components is guaranteed, even with larger gaps,
Figure 9. For the fillet weld on offset overlap joint the gap
was widened continuously from Omm to 3mm of misalignment.

Figura 9. Diferite largimi ale rostului, banda pozitionata in cruce

Figure 9. Varying gap widths, strip positioned crosswise

Without parameter adaptation or gap detection, a reliable
brazing in this area is possible. The filler metals were CuSi3
and a shielding gas consisting of argon and oxygen (1%) had
been used.

6. Tensile Strength

The tensile strength of the braze joints is, for one,
dependent on the filler metal strength, for another on the
groove geometry and also on the covering of the solder. Using
the (hot)galvanised steel sheet Z STE 260 Z, plain butt joints
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diferente intre metodele individuale, in schimb macrosectiunile
arata clar diferentele.

La sudarea cu o sarma din tabld superioard sunt topiti
aproximativ 2mm si se produce o dilutie puternica intre metalul
de lipire si metalul de baza. Tabla inferioara este de asemenea
topitd puternic in zona imbinarii. La imbinarea cu metal de
adaos, topirea tablei superioare este mai putin semnificativa,
in zona imbinarii, totusi, se produce inca topirea puternica a
metalului de baza si astfel are loc dilutia cu materialul de lipire.
La lipirea in tandem, marginile tablei superioare sunt doar putin
topite. Dilutia metalului de baza si a metalului de adaos este
nesemnificativa. Metalul de lipire curge adanc in rost si topeste
zone mari cu unghiuri de tranzitie plane la materialul de baza.

In practica industriala, latimea rostului este variabild. Pentru
a compensa acest fapt, in cazul sudarii cu o singura sarma, se
utilizeaza o cantitate maritd de metal de lipire (in comparatie
cu rost = zero). Posibilitatea de formare a unei imbinari mai
mari, ca latime, in cazul tehnologiei cu metal de adaos si tan-
dem, permite utilizarea unor cantitdti mai mici de metal de
lipit; se garanteaza si topirea sigurd a componentelor, chiar in
cazul unor rosturi mai mari, figura 9.

In cazul sudarii in colt a imbinarilor suprapuse deviate rostul
a fost largit continuu de la Omm la 3mm lipsa de aliniere. Fara
adaptarea parametrilor sau detectarea rostului, este posibila o
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Figura 10. Incerciri de rezistenti la tractiune statici

Figure 10. Static tensile strength tests

lipire tare sigura in aceasta zond. Materialele de adaos au fost
CuSi3 si gazul de protectie compus din argon si oxigen (1%).

6. Rezistenta la tractiune

Rezistenta la tractiune a imbinérilor lipite este, pe de o parte
dependentd de rezistenta metalului de adaos, pe de alta parte
de geometria rostului si de asemenea de acoperirea metalului
de lipire. Utilizdnd tabld subtire din otel galvanizata
Z STE 260 Z, s-au realizat imbinari plane cap la cap si suduri
in colt pe imbinari suprapuse. Pe 1anga doua tipuri de aliaje de
lipire standard, SG-CuSi3 si SG-CuAl9, s-au testat si doud
materiale de adaos recent descoperite si inca nestandardizate
in proportie de 10% Sn (BS 100) si aproximativ 1% Mn, 0,2%
Sn i 1,8% Si (Comas). Pregitirea epruvetelor pentru incercérile
la tractiune staticd a materialului, s-a realizat in conformitate
cu standardul european EN 895 pentru imbinari cap la cap.
Incercarile la intindere au aratat ca toate cusiturile cu exceptia
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and also fillet welds on lap joint were carried out. Besides two
standardised solders, SG-CuSi3 and SG-CuA19, two recently
developed but not yet standardised filler materials with a
proportion of 10% Sn (BS100) and approximately 1% Mn,
0,2% Sn and 1,8% Si (Comas) have been tested. Specimen
preparations for the static transverse metal tension tests, in
accordance with the European Standard EN 895 for butt joints
followed. The tension tests showed that all seams except one
cracked in the base metal, Figure 10. The lap joint brazed in
the joining zone with the filler material SG-CuSi3 showed one
faulty brazing.

For further strength tests a galvanised steel sheet with a
tensile strength of 800N/mm? was used. Against all
expectations, the failure of the plain butt joints made with
filler material SG-CUAIS occurred at medium tensile force of
9,83kN in the base metal. In general, the plain butt joints always
failed with higher tensile forces, this in contrast to an overlap
seam, as these do not show uniaxial tensile stress .

Besides static strength tests also fatigue tests for the high-
strength steel CP800 were carried out with brazed test specimen
and, for a comparison, with welded test specimen. SG-CUSi3
has been the braze filler material, Figure 11. The brazed
specimen show a behaviour which is comparable to the welded
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Figura 11. Incercarea de rezistenta la oboseald pentru
o sudurd in colt pe o imbinare suprapusa

Figure 11. Fatigue strength test for a fillet weld on lap joint

specimen. The fatigue strength limit of the welded and the
brazed specimen starts with a stress amplitude of 64MPa and
anumber of fatigue cycles of 10°.

7. Corrosion

A considerable advantage of GMA brazing in contrast to
GMA welding is the lower energy input. Especially when
galvanized sheets are joined, the impairment of the zinc layer
can be reduced to a minimum. The primary task of the zinc
layer, the protection of the component from corrosion, is
maintained.

Apart from the strength of the braze metal, the strength of
a brazed joint is strongly dependent on the area which is wet
by the braze metal and on the seam volume. A larger seam
volume means also an increased energy input into the base
metal and considerable destruction of the zinc layer.
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uneia au fisurat in metalul de baza, figura 10. Imbinarile prin
suprapunere lipite in zona de imbinare cu material de adaos
SG-CuSi3 au prezentat o lipire necorespunzitoare.

Pentru alte incercari de rezistenta s-au utilizat table subtiri
galvanizate cu rezistenta la tractiune de 800N/mm?. Contrar
tuturor asteptarilor, defectele imbinarilor cap la cap plane
efectuate cu material de adaos SG-CuAlS s-au produs la forta
medie de tractiune de 9.83 kN in metalul de baza. In general,
imbinarile sudate cap la cap plane s-au rupt intotdeauna la
forte de tractiune mai mari, in contrast cu imbinarea suprapusa,
intrucat acestea nu prezinta tensiuni de intindere uniaxiale.

In afara de incercarile la rezistenta statica s-au desfasurat,
de asemenea, incercari la oboseald pentru otelurile cu
rezistentd superioara CP800 cu epruvete lipite si pentru
comparatie cu epruvete sudate. SG-CuSi3 a fost materialul de
adaos utilizat la lipire, figura 11.

Epruveta lipitd prezinta o comportare comparabild cu ceaa
epruvetei sudate.

Limita de rezistenta la oboseala a epruvetei sudate si a celei
lipite incepe cu o amplitudine a tensiunii de 64 MPa si un
numir de ciclii la oboseala de 10°.

7. Coroziunea

Un avantaj considerabil al lipirii in mediu de gaz protector
in contrast cu sudarea in mediu de gaz protector este energia
de lipire mai mica. in special cand sunt imbinate table
galvanizate subtiri, deteriorarea stratului de zinc poate fi redusa
la minimum. Sarcina primard a unui strat de zinc, este protectia
componentei impotriva coroziunii.

Spre deosebire de rezistenta metalului de lipit, rezistenta
unei imbinari lipite depinde in mare mésura de suprafata care
este umectata de metalul de lipire si de volumul imbinarii. Un
volum mai mare al imbinarii inseamna si o crestere a energiei
de lipire in metalul de baza si distrugerea considerabild a
stratului de zinc.

Figura 12 arata trei epruvete care au fost supuse la un test
cu ceatd in climat constant conform cu DIN 50017. Perioada
de incercare a fost 10 zile, temperatura 40°C (+3°) si umiditatea
aerului de aproximativ 100%.

Cele trei epruvete au fost imbinate cu diferite energii liniare
si/sau diferite cantititi de metal de lipire. Datoritd caldurii
diferite din metalul de baza, se produce o distrugere mai mare
sau mai mica a stratului de zinc. O energie scazuta pe unitatea
de lungime conduce la extinderea coroziunii minime pe langa
sudurd. Marirea energiei si distrugerea stratului de zinc la
partea inferioara a sudurii, de asemenea conduce la cresterea
fenomenului de coroziune la aceastd zona a sudurii. Prin
cresterea volumului Tmbinarii rezistenta statica a imbinarii
creste de asemenea, figura 13.

Coroziunea reduce rezistenta imbinarii. Epruvetele care au
fost incercate cu energii liniare mici sau medii au aratat ca
rezistenta la tractiune s-a redus cu aproximativ 2-8% in raport
cu epruveta necorodatd; in cazul epruvetei care a fost
incercata cu o energie liniard mare rezistenta la tractiune fost
redusa chiar cu mai mult de 36%. Comportarea necorespunza-
toare a imbinarilor corodate s-a schimbat de asemenea. In cazul
utilizarii unei energii liniare mici sau medii defectul apare intre
metalul pentru lipit si metalul de bazi; In cazul utilizarii unei
energii liniare mari imbinarea se rupe in metalul de baza. Prin
energia liniard mare tabla subtire care se suprapune la margine
se topeste mai puternic. Se produce dilutie marita a metalului

Figure 12 shows three specimen which have been subject
to a condensation water test in constant climate according
to DIN 50017. The testing period was 10 days, the
temperature has been 40°C (£3°) with an air humidity of
approximately 100% .
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Figura 12. Incercari la coroziune/ Figure 12. Corrosion Tests

The three specimens had been joined with different energy-
per-unit lengths and/or quantities of braze metal. Caused by
the different heat input into the base metal, a more or less
strong destruction of the zinc layer occurs. A low energy-
per-unit length leads to a minimum corrosion formation beside
the weld. The increasing energy input and the destruction of
the zinc layer at the weld underside also leads to the increase
of corrosion phenomena at the weld underside.

With the increasing seam volume the static strength of the
seam is also increased, Figure 13. Corrosion, however, reduces
the strength of the seam. The specimen which were tested
with low or medium energy-per-unit lengths showed that the
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Figura 13. Rezistenta la tractiune sub actiunea coroziunii

Figure 13. Tensile strength under corrosion

tensile strength was reduced by approximately 2-8% in
contrast to the uncorroded comparison specimen; for the
specimen which was tested with a high energy-per-unit length
the tensile strength was reduced by even more than 36%. The
failure behaviour of the corroded seams changed also. With a
low and medium energy-per-unit length failure occurs between
braze metal and base metal; with a high energy-per-unit length
the seam cracks in the braze metal. Through the high energy
the overlapping sheet at the edge is molten more strongly.
Increased dilution of braze metal and base metal occurs. The
higher iron content in the braze metal leads to a higher
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de lipire si a metalului de baza. Continutul mai mare de fier in
metalul depus conduce la o sensibilitate mai mare la coroziune,
structura Imbinarii este slabita si conduce la aparitia fisurilor
in metalul de lipit.

8. Emisiile de noxe

Fumul sub forma de particule care se produce la sudarea in
mediu de gaz protector si/sau la lipirea tare poate constitui o
problema de risc a sanatatii. Cunoasterea exacta a emisiilor
care se produc prin utilizarea metodei permite medicinii
industriale sa evalueze valoarea pana la care expunerea la
aceste emisii nu conduce la riscuri in detrimentul sanatatii
muncitorilor. In acest scop se fac proiecte de cercetare a
noxelor care se produc in timpul lipirii tablelor subtiri
galvanizate, proiecte care determina si analizeaza aceste emisii
in concordanta cu EN ISO 15011-1. Diferenta intre metoda de
lipirea (cu o sdrma) fatd de tehnologia cu doua sarme a fost
demonstrata. Incercirile au fost realizate cantitativ si calitativ.
Nu s-au efectuat incercari pe lipirea cu material de adaos.

Au fost incercate trei metale de adaos diferite — CuSi3,
bronz cu cositor (BS60) si bronz cu aluminiu (A1Bz5Ni2). Drept
metal de baza s-au utilizat table subtiri galvanizate din otel in
toate trei cazurile. Considerand elementele care sunt continute
in metalul de baza si straturile de acoperire si de asemenea
compozitia metalelor de adaos utilizate, au fost examinate
urmaitoarele elemente pentru incercirile de emisie a noxelor:
Cu, Al, Sn, Fe, Mn si Ni.

in ghidurile privind aerul curat (TA-Luft, editia 2002)
materialele sunt clasificate in clase individuale de risc. Viteza
de curgere a masei de material cat si viteza de curgere a masei
totale nu trebuie sa depaseasca 0,2kg/h.

Pentru comparatia cu metoda ce utilizeaza o singura sarma
si metoda in tandem cantitatile de material utilizate pentru
lipirea moale pe unitatea de lungime au fost aproape identice.
Determinarea cantitativa a emisiilor de fum a aratat valori mai
mari in cazul metodei in tandem decét in cazul metodei cu o
singura sarma, unde A1Bz5Ni2 produce mai putine emisii decat
CuSi3 care la randul sau produce mai putina emisie decat BS60.
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Figura 14. Compozitia cantitativa a emisiilor de fum

Figure 14. Qualitative composition of the fumes

Numai o singura valoare limitd a fost depasita in cursul
incercarilor. Valoarea emisiei de cupru a BS60 (metoda cu o
singura sirma) a fost cu 6,32g/h mai mare decat valoarea limita
permisa de 5g/h, Aici, totusi, trebuie sa se tind seama de faptul
ca aceastd valoare este rezultatul unui timp de sudare de
60min/h. In practica aceasta valoare nu este realizata in mod
normal. Toate celelalte valori limita cat si valorile limita totale
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susceptibility to corrosion, the seam structure is weakened
and leads to cracks in the braze metal.

8. Emission

The particle-shaped fumes which develop in GMA welding
and/or in brazing may constitute a health hazard to man. Exact
knowledge about the emission which develops while using
this method allows the industrial medicine to assess in how far
an exposition to these emissions is justifiable for workers
without risking detriments to health. Within the scope of a
research project, the emissions (fumes) which develop during
brazing of galvanised steel thin sheets are determined and
analysed in accordance with EN ISO 15011-1. The difference
between brazing (single wire method) relative to the twin wire
technology was demonstrated. The tests were carried out
quantitatively and also qualitatively. Tests on fillet brazing
were not carried out.

Three different filler metals have been tested — CuSi3, tin
bronze (BS60) and aluminium bronze (A1Bz5Ni2). As the base
metal, hot-dip galvanised steel sheets have been used in all
three cases. With consideration of the elements which are
contained in the base metal and its coating and also on the
composition of the used filler metals, the following elements
have been examined for the emission tests: Cu, Al, Sn, Zn, Fe,
Mn and Ni. In the clean air guidelines (TA-Luft, state: 2002)
the materials are classified into individual classes of hazard.
Individual material mass flow rates as well as the total mass
flow rate of 0.2kg/h must not be exceeded [8].

For the comparability of the single wire method and the
tandem method the used solder quantities per length were
almost identical. The quantitative determination of the flue
emission showed higher values for the tandem method than
for the single wire method, where AiBz5Ni2 has less emission
than CuSi3 which, again, has less emission than BS60.

Only one individual limiting value has been exceeded in
the course of the tests. The value of the copper emission of
BS60 (single wire method) was, with 6.32g/h higher than the
permitted limiting value of 5g/h. Here, however, attention must
be paid to the fact that this value is a result from a welding
time of 60min/h; in practice, this value is normally not
acomplished. All other individual limiting values as well as
the total limiting values have not been exceeded. Figure 14
shows exemplarily the qualitative composition of the fumes
of the aluminium bronze (A1Bz5Ni2).

From the qualitative and the quantitative point of view,
the tin content in the fume is always higher with the tandem
method than with the single wire method. The wider and more
plane seam in tandem brazing — with identical solder
quantities — causes the evaporation of larger tin quantities.
All other tested elements showed emission values which were
approximately of identical height — this applied to the single
wire and also to the tandem method. As far as its emission
values are concerned, fillet/strip brazing should be classified
between both methods, for the other elements, fillet/strip
brazing is thought to be on the same level.

9. Summary

In contrast to GMA welding, GMA brazing is a lower-energy
joining method which entails various advantages for the
joining of thin sheets. Apart from less distortion of the
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nu au fost depdsite. Figura 14 aratd pentru exemplificare
compozitia calitativd a emisiilor de fum in cazul bronzului cu
aluminiu (A1Bz5Ni2).

Din punct de vedere calitativ si cantitativ, continutul de
staniu din fum este intotdeauna mai mare prin utilizarea
metodei in tandem decat prin metoda cu o singurd sarma.
Imbinari mai late si plane la lipirea tare in tandem — cu cantitati
identice de material de lipire — cauzeazd evaporarea unor
cantitdti mai mari de staniu. Toate celelalte elemente incercate
au aratat valori ale emisiei aproximativ identice — aceasta s-a
aplicat in cazul metodei cu o singura sdrma si metodei in tan-
dem. In ceea ce priveste valorile emisiei, lipirea tare cu mate-
rial de adaos sau banda ar trebui s fie clasificata intre ambele
metode, iar in ceea ce priveste celelalte elemente, aceasta se
considera ca este la acelasi nivel.

9. Rezumat

In contrast cu sudarea in mediu de gaz protector, lipirea
tare in mediu de gaz protector este o metoda de imbinare cu
energie mai scizutd ce prezintd diverse avantaje in cazul
imbinarii tablelor subtiri. In afara de o mai mica deformatie a
componentelor si o influenta termica usoara asupra straturilor
de acoperire, alte avantaje mai importante sunt o mai buna
capacitate de formare a puntii peste rost si viteze de imbinare
mai mari. Toate acestea au determinat promovarea procedeului
de lipire tare in mediu de gaz protector cu o singura sarma
pentru utilizarea in fabricatie, in special in cazul tablelor subtiri.
Lipirea tare in tandem si in particular, lipirea tare cu material
de adaos, sunt inca destul de rar utilizate in industrie. Ambele
variante, includ avantajele lipirii cu o singura sarma si in plus,
permit o crestere considerabil a vitezei de sudare si tolerante
mai mari pentru componente. Dezavantajos este totusi efortul
mai mare la realizarea desenului capului de lipire si multitudinea
parametrilor la programarea procedeului in tandem. in cazul
lipirii cu material de adaos electrodul patrat conduce la o
flexibilitate tridimensionala restransa. Proprietatile mecanice
de rezistenta ce se pot obtine la lipirea tare in mediu de gaz
protector cu metale de adaos pe baza de cupru sunt
comparabile cu proprietatile de rezistentd ale epruvetelor
sudate. Sub actiunea incarcarii statice si dinamice se obtin
proprietatile imbinarilor sudate. Cateodata caracteristicile de
rezistentd mecanica dupa lipirea tare sunt mai ridicate decat
dupa sudate din cauza influentei termice mai mici.

S-a demonstrat ca rezistenta imbinérii depinde de cantitatea
de material de lipire depusad. Volumul mai mare de material
depus inseamna o crestere a energiei de lipire in metalul de
bazi si astfel o accentuare a topirii aliajului de lipire care
conduce la o puternica amestecare a materialului de baza cu
materialul de adaos. Continutul mai mare de feritd in structura
imbinarii conduce la cresterea sensibilitatii la coroziune care
poate avea un efect negativ disproportionat asupra proprieta-
tilor de rezistenta mecanica.

Valorile emisiilor de noxe la utilizarea lipirii tari cu o singura
sarma si in tandem nu depésesc valorile limita standardizate.
Din punct de vedere calitativ, procedeul in tandem produce
emisii mai mari decat cel cu o singurd sarma. Valorile mai mari
sunt cauzate, in principal de emisia mai mare de staniu care se
datoreazd imbinarii mai late la utilizarea procedeului in
tandem.

components and a slighter thermal influence on the coatings,
these advantages are, above all, the better gap bridging ability
and the higher joining speeds. All this made GMA single wire
brazing well-established for manufacturing, particularly in the
thin sheet fabricating industry. Tandem brazing, and
particularly fillet brazing, are, however, still hardly used by
the industry. Both variations include the advantages of single
wire brazing and, moreover, they allow the considerable
increase of the joining speed with, at the same time, higher
component tolerances. Disadvantageous, however, is the
larger design of the torch and the multitude of parameters for
the setting of the tandem process. In fillet brazing the square
electrode causes the restricted three-dimensional flexibility.

The achievable mechanical strength properties in GMA
brazing with filler metals on a copper base are comparable to
the strength properties of welded specimen. Under static and
also under dynamic load the properties of welded joints are
obtained. Sometimes the mechanical strength properties after
brazing are by reason of the lesser thermal influence of the
base metal even higher than after welding.

It was demonstrated that the seam strength depends on
the applied quantity of the solder. The strength increases with
the increased solder quantity. Larger seam volumes mean,
however, also an increased energy input into the base metal
and thus augmented solder melting which leads to strong
intermixture of base and filler metal. The higher ferrite content
in the seam structure leads to increased susceptibility to
corrosion which may have an overproportional negative effect
on the mechanical strength properties.

Emission values for single wire and tandem brazing do
not exceed the statutory limiting values. Quantitatively, the
tandem process has higher emissions than the single wire
process. The higher values are mainly caused by higher tin
emissions which are generated by the wider seam formation
in the tandem process.
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