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Izvod

Poroznost predstavlja ozbiljan problem zavarenih spoje-
va legura Al, jer se zbog toga znacajno smanjuje moguc-
nost primene Al legura za izradu lakih konstrukcija. Da bi
se poroznost smanjila ispitani su zavareni spojevi legure
AlMg4,5Mn i analizom mikrostrukture je utvrden uticaj
sastava zastitnog gasa primenjenog TIG postupka na poroz-
nost metala sava. Na osnovu te analize je ocenjen kvalitet
izvedenog zavarenog spoja. Kao zastitni gasovi su koriscéeni
Ar, He i N>, samostalno ili u vidu mesavina. Najveca poroz-
nost se dobija pri upotrebi cistog argona, a najbolji rezultat
je dobijen mesavinom Ar + 50%He + 0,015%N,.

UvVOD

Neophodnost smanjenja tezine vozila, emisije Stetnih
gasova 1 potro$nje goriva je uslovila poveéanu upotrebu
lakih materijala, kao $to su aluminijumske legure. Za
mnoge konstrukcije se koristi legura AIMg4,5Mn. Priklad-
na je izradu rezervoara za skladistenje i prevoz te¢nih gaso-
va, za posude pod pritiskom, za vozila, a u novije vreme je
osnovni materijal za izradu jahti i brodova. Ona je u grupi
legura koje se termicki ne obraduju. Odlikuje se visokom
¢vrstoom, otporna je na koroziju i habanje, i dobro se
zavaruje. Sve veca primena ove legure je pracena daljim
poboljSavanjem njenih karakteristika, a posebna paZnja se
posvecuje usavrSavanju postupaka zavarivanja i oblikova-
nja, /1/.
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Abstract

Porosity represents a serious problem of welded joints of
Al alloys, since it significantly reduces their applicability
for producing light structures. In order to reduce porosity,
welded joints of AIMg4.5Mn alloy have been tested and
how the weld metal porosity is influenced by the shielding
gas composition in the applied TIG process is also deter-
mined by microstructural analysis. Based on this analysis,
the performed welded joint is quality assessed. Shielding
gases Ar, He and N, were used, individually, or in mixtures.
Highest porosity is achieved with pure argon, and the best
results with a mixture Ar + 50%He + 0.015%N,.

INTRODUCTION

The need to reduce the weight of vehicles, emission of
noxious gases, and fuel consumption, has increased the
demand for light materials, such as aluminium alloys. Alloy
AlMg4.5Mn is applied in many structures. It is suitable for
manufacturing tanks for storing and transporting liquefied
gases, pressure vessels, vehicles, and recently as the main
material in making yachts and ships. It belongs to a group
of non-heat treatable alloys. It has high strength value,
resistant to corrosion and wear, and has good weldability.
Increased use of this alloy has further improved its charac-
teristics, and particular attention is paid to developing
welding and shaping procedures, /1/.
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ZAVARIVANIJE LEGURE AlMg4,5Mn

Za zavarivanje legure AlMg4,5Mn se najcesce koristi
elektrolu¢no zavarivanje TIG postupkom (volframova netop-
ljiva elektroda i zaStita gasom), jer omogucéava preciznu
kontrolu koli¢ine unete toplote.

Uneta toplota se odreduje pogodno izabranim vrednosti-
ma parametara zavarivanja: jaCine struje, brzine zavariva-
nja, dimenzija i sastava elektrode, brzine protoka i sastava
zastitnog gasa, /2—4/.

Argon i helijum se koriste kao zastitni gasovi, jer obez-
beduju izradu zavarenog spoja sa najmanje greSaka. Pri
izboru gasa treba imati u vidu znacajne razlike njihovih
osobina. Helijum je priblizno deset puta laksi od argona i
poseduje visok potencijal jonizacije, 25 eV, dok je za argon
16 eV, pa je i napon luka veci, Sto je znaCajna prednost
helijuma. Prednost argona je u vecoj gustini, §to obezbeduje
bolju zastitu metalnog kupatila pri zavarivanju. Kako je
cena helijuma znatno veca od cene argona, da bi se §to
bolje iskoristile navedene prednosti najces¢e se primenjuju
mesavine ta dva gasa. U novije vreme, meSavini ova dva
gasa dodaje se kiseonik, Sto je primenljivo kod MIG
postupka, ili azot u koli¢ini od nekoliko stotina ppm, /5-7/.

POROZNOST ZAVARENOG SPOJA

Jedan od najvecih problema pri zavarivanju aluminijuma
i njegovih legura je pojava pora. Pore nastaju kao posledica
adsorpcije, difuzije i rastvaranja gasova na povrsini i unutar
oc¢vrslog metala Sava. Pore uglavnom stvara vodonik koji se
rastvara u aluminijumu. Rastvorljivost vodonika u alumini-
jumu prikazana je na sl. 1. Radi poredenja, na sl. 1 je prika-
zana i rastvorljivost vodonika u celiku, /8/.

100

WELDING ALLOY AlMg4.5Mn

The electric arc welding procedure TIG (tungsten inert
gas arc welding with nonconsumable electrode) is the most
widely used procedure for welding AIMg4.5Mn, allowing a
fine control of heat input.

The heat input is determined by carefully selecting the
values of welding parameters: current, welding speed, size
and composition of electrode, inert gas rate of flow and
composition, /2-4/.

Argon and helium are used as shielding gases, since they
provide a welded joint with the least errors. Upon selecting
the gas, one should have in mind the considerable difference
in properties. Helium is approximately ten times lighter
than argon and has a high ionization potential, 25 eV, while
argon has 16 eV, and thus the arc voltage is higher, giving
helium a significant advantage. The advantage of argon is
in much higher density, acting as a much better shield of
the molten weld pool. Gas mixtures of helium and argon are
often used so to compensate for disadvantages, since
helium is more expensive. Recently, oxygen is added to the
mixture, as has been applied in MIG procedure, or nitrogen
in amounts of a few hundred ppm, /5-7/.

POROSITY OF WELDED JOINT

One of the serious problems in welding aluminium and
its alloys is the appearance of pores. Pores are caused from
adsorption, diffusion, and solubility of gases in the surface
and within the solidified weld metal. Pores are mainly
created from hydrogen, dissolved in aluminium. The solu-
bility of hydrogen in aluminium is shown in Fig. 1, and also
its solubility in steel, for sake of comparison, /8/.
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Slika 1. Rastvorljivost vodonika u aluminijumu i ¢eliku u zavisnosti od temperature, /8/
Figure 1. Solubility of hydrogen in aluminium and steel, depending on temperature, /8/.

Sa povecanjem temperature rastvorljivost vodonika se
poveéava. Kako je na nizim temperaturama vodonik stabi-
lan u molekulskom obliku, njegova rastvorljivost u metalu
je mala. Na poviSenim temperaturama molekuli vodonika
se disociraju na atome, koji imaju manji precnik od mole-
kula pa lakse difunduju kroz kristalnu reSetku. Rastvorlji-
vost vodonika u aluminijumu na temperaturi topljenja je
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Solubility of hydrogen increases with temperature. While
molecular hydrogen is stable at lower temperatures, its
solubility in metal is low. At higher temperatures hydrogen
molecules dissociate into atoms, with a smaller diameter
than molecules, allowing for easier diffusion through the
crystal lattice. The solubility of hydrogen in aluminium at
melting point is very high, and thus the higher concentration
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vrlo velika, pa otuda i povecano prisustvo vodonika u meta-
lu Sava. Tokom hladenja, vodonik iz atomskog prelazi u
molekulski oblik i moZe da ostane zarobljen u metalu Sava i
u zoni uticaja toplote (ZUT), u vidu pora.

Vodonik se pri zavarivanju unosi u zavareni Spoj sa
povrsine osnovnog i dodatnog metala, i iz vlage u zaStitnom
gasu. Vodonik se na povrSini osnovnog metala zadrzava
fizickom adsorpcijom, koja se smanjuje zagrevanjem. Zbog
toga je potrebno predgrevanje, koje se najcéeSce izvodi
acetilenskim plamenom.

Pri vec¢oj vlaznosti, oksid aluminijuma apsorbuje vodenu
paru. Vezana vlaga se tokom zavarivanja razlaze na vodo-
nik i kiseonik, pri ¢emu se vodonik rastvara u ¢itavoj zapre-
mini rastopljenog metala kupatila. Sa hladenjem metala
smanjuje se rastvorljivost vodonika. Kako je brzina hlade-
nja velika, vodonik se ne izdvaja blagovremeno i ostaje
zarobljen u ocvrslom metalu, §to dovodi do poroznosti.

Postupci zavarivanja u kojima se metal Sava duze zadr-
Zava u teCnom stanju pruzaju vecu moguénost za degazaci-
ju zavarivackog kupatila, pa je i poroznost $ava manja. Sem
toga, poroznost zavisi i od izabranih parametara tehnologije
zavarivanja, od usvojenog osnovnog i dodatnog materijala,
kao 1 od sastava zastitnog gasa.

Da bi se dobio kvalitetni zavareni spoj pri zavarivanju
volframovom elektrodom bitno je da povrSine osnovnog i
dodatnog materijala budu ciste, tako da nema oksida Al,Os.
Najmanja poroznost se postize primenom TIG zavarivanja,
S§to se objasnjava vecom mogucénoséu degazacije rastoplje-
nog metala. Kako je atom vodonika malog prec¢nika, lako
difunduje kroz metal u ¢vrstom stanju, pa se poroznost
moze pojaviti i u ZUT. Za razliku od ¢elika, pore u alumini-
jumu se uglavnom rasporeduju u unutra$njosti Sava, mogu
se sresti i u okolini linije stapanja sa osnovnim metalom, a
ponekad se sre¢u i u ZUT. Na sl. 2 je prikazana pora u ZUT
legure AIMg4,5Mn. Jasno se vidi da je ova pora blizu meta-
la Sava. Pora na sl.2 ima veoma veliki pre¢nik, gotovo
jednak Sirini ZUT.

e 3:17' 2 iar P

width of the HAZ.
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of hydrogen in weld metal. During cooling, hydrogen
changes from atomic to molecular form and can remain
trapped in the weld metal and heat affected zone (HAZ)
in the form of pores.

During the welding process, hydrogen is dissolved into
the welded joint from surfaces of the base metal and the
consumable, and from the moisture in the shielding gas.
Hydrogen accumulates at base metal surface by physical
adsorption that is reduced by heating. This requires pre-
heating, usually performed by acetylene flame.

At higher humidity, aluminium oxide absorbs water
vapour. During welding the entrapped moisture separates
into hydrogen and oxygen, where the hydrogen dissolves in
the entire volume of the molten weld puddle. Upon cooling,
the solubility of hydrogen decreases. Since the cooling rate
is high, hydrogen is not rejected in due time and is retained
in the solidified metal, bringing up porosity.

Welding procedures, where the weld metal remains in a
liquefied state for a longer period, offer more possibilities
for degassing the weld pool, assuring less porosity in the
weld. Aside to this, porosity depends also on chosen weld-
ing technology parameters, the selected base and filler
material, as well as on the content of the shielding gas.

In order to produce a quality welded joint in gas-tung-
sten arc welding, it is important that the base and filler
material surfaces are clean, without traces of Al,Os;. Mini-
mal porosity is achieved in TIG welding, and is explained
by higher degassing level of the molten metal. Since the
hydrogen atom has a small diameter, it is easily diffused
into the solid state metal, and porosity can also occur in HAZ.
As opposed to steel, pores in aluminium are majorly distri-
buted within the weld metal, and may also be located around
the base metal fusion line, and sometimes in HAZ. A pore
in the HAZ of alloy AIMg4.5Mn is shown in Fig. 2. Clearly,
this pore is located in the vicinity of the weld metal. The
pore in Fig. 2 has a very large diameter, almost equal to the

Slika 2. Velika pora u zoni uticaja toplote legure AlMg4,5Mn
Figure 2. Large pore in heat-affected-zone of alloy AIMg4.5Mn.

INTEGRITET I VEK KONSTRUKCIJA
Vol. 8, br. 2 (2008), str. 114-120

STRUCTURAL INTEGRITY AND LIFE
Vol. 8, No 2 (2008), pp. 114-120



Poroznost zavarenih spojeva legure AIMg4,5Mn

Porosity of welded joints of AlMg4.5Mn alloy

Iako su pore su mnogo manje opasne greske u zavarenim
spojevima od prslina, ne treba ih zanemarivati, jer zbog
koncentracije napona iz pora mogu da se razviju prsline.
Postojanje prslina u zavarenom spoju, koje se u radnim
uslovima mogu razvijati razli¢itim mehanizmima, ugrozava
integritet zavarenog spoja, a time i zavarene konstrukcije.

EKSPERIMENTALNO ISTRAZIVANJE POROZNOSTI

Dobro poznavanje uslova stvaranja pora i eventualne
inicijacije prslina iz njih je potrebno radi obezbedenja inte-
griteta zavarene konstrukcije u eksploataciji.

Pri montazi i zavarivanju postrojenja za proizvodnju
uteénjenih atmosferskih gasova firme Messer—Tehnogas, u
Smederevu je utvrdena poroznost u metalu Sava, veéa od
dozvoljene, pa su izvedena ispitivanja sa namerom da se
istrazi mogucnost smanjenja poroznosti. U ovom istraziva-
nju su koris¢ene ploc¢e dimenzija 500x200x12 mm legure
AlMg4,5Mn, koja je upotrebljena za izradu postrojenja.
Proucavano je koriS¢enje prikladnih mesavina inertnih
gasova umesto Cistog argona kao zastitne atmosfere, kao
moguca mera smanjenja poroznosti zavarenog spoja.

Zavarivanje uzoraka

Hemijski sastav ispitivane legure AIMg4,5Mn dat je u
tab. 1, a mehanicke karakteristike legure su date u tab. 2.

Tabela 1. Hemijski sastav legure aluminijuma AlMg4,5Mn, mas. %

Si Fe Cu Mn | Mg Zn Cr Ti
0,13 | 0,21 | 0,04 | 0,66 | 3,95 | 0,03 | 0,06 | 0,025

Tabela 2. Mehanicke osobine legure aluminijuma AIMg4,5Mn

Although pores are much less dangerous flaws in welded
joints than cracks, they should not be underestimated, since
cracks can develop from pores due to stress concentration.
Presence of cracks in welded joints, that can develop by
various mechanisms in working conditions, threaten welded
joint integrity, and thereby the welded structure as a whole.

EXPERIMENTAL INVESTIGATION OF POROSITY

Good knowledge of conditions for pore formation and as
sources for eventual crack initiation is a requirement for
assuring integrity of welded structures in exploitation.

Presence of porosity, above the allowed limit, has been
detected in the weld metal upon the assembly and welding
of Messer—Tehnogas installations, in Smederevo, required
for producing liquefied atmospheric gases. So, tests were
performed for investigating the possibilities for reducing
this porosity. Testing included 500x200x12 mm plates
made of alloy AIMg4.5Mn, also used for manufacturing the
plant. Instead of pure argon, appropriate mixtures of inert
gases were investigated as a shielding atmosphere to be
used as a precaution in reducing welded joint porosity.

Welding of samples

The chemical composition of the tested alloy AlMg4.5Mn
is given in Table 1, and mechanical characteristics of the
alloy in Table 2.

Table 1. Chemical composition of alloy AIMg4.5Mn, mass %.

Si Fe Cu | Mn | Mg | Zn Cr Ti
0.13 ] 0.21 | 0.04 | 0.66 | 3.95 | 0.03 | 0.06 | 0.025

Probne ploce sa pripremljenim nesimetricnim V zlebom
su suceono zavarene uz primenu korene letve od alumini-
jumske legure, sa zlebom na sredini u koji su stavljene trake
od nerdajuceg Celika (sl. 3 i 4). Uloga ovih traka je da
usmere odvod toplote i obezbede potpuni provar u korenu
Sava, i da sprece curenje istopljenog metala.

Za zavarivanje je primenjen TIG postupak. Sve probne
ploce su zavarene sa Cetiri prolaza, i to prvi koreni prolaz i
tri prolaza popune (sl. 5).

Kao zastitna atmosfera kori§¢eni su inertni gasovi argon
i helijum uz dodatak azota i nekoliko kombinacija njihove
mesavine radi utvrdivanja najpovoljnije varijante, s obzi-
rom na pojavu poroznosti. Gasovi su isporuceni od strane
firme Messer—Tehnogas u bocama od 10 1 pod pritiskom od
150 bar (tab. 3).

Kao dodatni materijal koris¢ena je zica aluminijumske
legure istog sastava, pre¢nika 5 mm i duzine 1000 mm.

Temperatura okoline prilikom zavarivanja bila je 20°C.
Temperatura predgrevanja ploca bila je 110°C, a medupro-
lazna temperatura, kontrolisana kontaktnim termometrom,
je uvek bila iznad 110°C. Ove temperature treba obavezno
odrzavati da bi se postigla minimalna poroznost.

INTEGRITET I VEK KONSTRUKCIJA
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Prava Epruveta | Zatezna Svrstoéa | Napon tedenja | IzduZenje Table 2. Mechanical properties of alloy AIMg4.5Mn.
broj R,,, MPa Ry,, MPa A, % L Spec. | Ultimate strength | Yield strength | Elongation
. 1 293.6 135 263 Direction | "\ "R MPa Ry, MPa | A%
valjanja —— 293,0 131 23,7 , 1 293.6 135 26.3
1 3044 145 25,7 rolling 2 293.0 131 237
poprecnt 77 304,8 142 28,3 _ 1 304.4 145 25.7
perpendicular|— 304.8 142 283

Experimental plates with an asymmetrical V-shaped
groove are butt welded with a root placed backing bar made
of aluminium alloy, where the central groove root is fitted
with stainless steel sheets (Figs. 3 and 4). The role of these
sheets is to direct the removal of heat and provide complete
root penetration, and prevent a melt-thru.

Welding was performed by TIG procedure. All experi-
mental plates are welded in four passes, with a root-pass
and three filler passes (Fig. 5).

Shielding inert gases, argon and helium, with an addition
of nitrogen are used, and several combinations of their
mixtures for determining the most favourable in regards to
porosity. Gases are delivered from Messer—Tehnogas in
cylinders of 10 1 under pressure of 150 bar (Table 3).

An aluminium alloy wire of the same composition, 5 mm
diameter and 1000 mm length, is used as filler material.

The environmental temperature while welding was 20°C.
Plate pre-heating temperature was 110°C, and interpassing
temperature was above 110°C. These temperatures must be
maintained in order to achieve minimal porosity.
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Osnovni parametri rezima zavarivanja dati su u tab. 3.

Tabela 3. Parametri rezima zavarivanja

Basic parameters of the welding regime are given in Table 3.

Table 3. Welding regime parameters.

Ploca Sastav gasa, % Koli¢ina uneta toplote Plate Gas content, % Input heat
Ar He| N, kJ/cm Ar He N, kJ/cm
1 99,99999 - - 17-26 1 99.99999 - - 17-26
2 Ostatak - | 0,015 20-26 2 remainder - 0.015 20-26
3 Ostatak 151 0,015 18-26 3 remainder 15 0.015 18-26
4 Ostatak 30 | 0,015 16-25 4 remainder 30 0.015 16-25
5 Ostatak 50 | 0,015 13-17 5 remainder 50 0.015 13-17
korena letva iz
backing < = >
%
2 % N
el < l({
] / cl =
.
|
visokolegirani &elik
high alloyed steel
-
ol v
I—l—‘_ﬁ =
Y
Slika 3. Oblik i dimenzije ,,V” Zleba Slika 4. Izgled i dimenzije korene letve
Figure 3. Shape and size of the V-shaped groove. Figure 4. Shape and size of backing bar.
Metalografska ispitivanja Metallography testing

Mikrostrukturna ispitivanja su izvedena na iseCenim i
ispoliranim uzorcima, nagrizenim sa 10% H;POy (sl. 5).
Mikrostruktura metala Sava svih zavarenih ploca prika-

zana je na sl. 6.

Microstructural tests are performed on cut and polished
samples, etched with 10% H;PO, (Fig. 5).
Weld metal microstructure of all welded plates is shown

in Fig. 6.

Slika 5. Makrosnimak zavarenog spoja sa ozna¢enim prolazima
Figure 5. Macro image of welded joint with multi-pass notation.
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Ar +30% He + 0.015% N,

e S M Lo N T
3 \\'”:'.5‘,"@#
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Slika 6. Izgled mikrostrukture metala $ava zavarenih ploca
Figure 6. Microstructural images of weld metal in the welded plates.

Struktura metala Sava svih zavarenih ploca je gotovo
ista, §to je 1 oCekivano, jer su uslovi zavarivanja priblizno
isti, odnosno, jedina razlika izmedu pojedinac¢nih ploca je
sastav zaStitne atmosfere koja je koriS¢ena pri zavarivanju.

U mikrostrukturi se uo€ava tipi¢no prisustvo dendrita,
nastalih brzim oc¢vrs¢avanjem tecnog metalnog kupatila, ¢iji
je rast usmeren u pravcu odvodenja toplote. U metalu Sava
su prisutne intermetalne faze po granicama zrna. Uocljiva je
razlika u poroznosti strukture metala Sava ispitivanih ploca,
koja je dominantno rasporedena u okolini linije stapanja
dva prolaza i linije stapanja osnovnog metala i metala Sava.

Najveca poroznost je otkrivena u metalu Sava ploce 1
(zastitna atmosfera—Cist argon). Poroznost u ovom slucaju
je najizrazenija izmedu prolaza. U metalu $ava ploce 2
uocena je ne§to manja poroznost nego u prethodnom slucaju

INTEGRITET I VEK KONSTRUKCIJA
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As expected, the microstructure of all welded plates is
almost the same, because welding conditions are approxi-
mately the same, or, the only difference between individual
plates is in the applied composition of shielding atmosphere.

The microstructure depicts typical dendrite presence,
formed by rapid cooling of molten weld pool, whose growth
is directed towards heat removal. Presence of intermetallic
phases on grain boundaries is also depicted. The difference
in porosity in weld metal structure of tested plates is visible,
and dominantly distributed in the vicinity of fusion zones:
of two consecutive passes; and of base- and weld metal.

The highest porosity level is discovered in weld metal of
plate 1 (shielding atmosphere—pure argon). In this case,
porosity is dominant in between passes. The weld metal in
plate 2 shows somewhat less porosity (shielding atmosphere

STRUCTURAL INTEGRITY AND LIFE
Vol. 8, No 2 (2008), pp. 114-120



Poroznost zavarenih spojeva legure AIMg4,5Mn

Porosity of welded joints of AlMg4.5Mn alloy

(zastitna atmosfera Ar + 0,015% N;). Jo§ manja poroznost
je ustanovljena kod metala Sava ploce 3 (zastitna atmosfera
Ar+ 15% He + 0,015% N,). U metalu $ava ploce 4 je pove-
¢anje poroznosti neocekivano (Ar + 30% He + 0,015% N,)
u poredenju sa drugim plocama, manja je jedino od poroz-
nosti ploc¢e 1. Gotovo da nema poroznosti u metalu Sava
ploce 5 (Ar + 50% He + 0,015% N,), odnosno, ona je zane-
marljiva.

Uoceno je da se sa poveCanjem sadrzaja helijuma u
mesavini povecava razlivanje dodatnog materijala, a samim
tim se smanjuje nadviSenje. Povecanje sadrzZaja helijuma u
zaStitnom gasu uti¢e na povecanje dubine uvarivanja.

Rezultati ovog istrazivanja su pokazali da primena zastit-
ne atmosfere Ar+ 50% He+ 0,015% N, pri zavarivanju
legure AlMg4,5Mn omogucava izradu zavarenog spoja sa
pojavom minimalne poroznosti.

ZAKLJUCAK

— Pri zavarivanju limova legure AlMg4,5Mn obavezno
treba primeniti predgrevanje iznad 100°C, bez obzira §to
u ovom slucaju se radi o debljini 12 mm. U literaturi se
mogu naci preporuke da se ove legure predgrevaju prili-
kom zavarivanja tek kada su debljine vece od 14 mm, dok
se bez predgrevanja mogu zavarivati tanji limovi. Pred-
grevanjem se smanjuje poroznost u metalu Sava.

— Dodavanje samo azota argonu ne uti¢e bitno na kvalitet
metala Sava. Imajuci u vidu ovu €injenicu koja je potvr-
dena izvedenim ispitivanjima, ne moze se dati prednost ni
jednom zastitnom gasu, bilo da je u pitanju Cist Ar ili
meSavina Ar + 0,015% N,. Takode ne treba zaboraviti 1
¢injenicu da se u oba slucaja javljala poroznost u unutras-
njosti metala $ava, bez obzira na primenjeno predgrevanje.

— Dodavanjem helijuma meSavini Ar i azota, poroznost u
metalu Sava se smanjuje. Razlivanje dodatnog materijala
se povecava sa povecanjem sadrzaja helijuma pri ¢emu se
smanjuje nadvisenje, a povecava §irina $ava. Kao najbolja
se pokazala zastitna atmosfera Ar + 50% He + 0,015% N,.
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rene konstrukcije®, koji se finansira sredstvima Ministarstva
nauke Republike Srbije. Projekt se vodi pod evidencionim
brojem TR-14025.
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Ar+0.015% N,). Yet, a lower level of porosity is found to
be in weld metal of plate 4 (shielding atmosphere Ar+
15% He + 0.015% N,). The weld metal of plate 4 reveals an
unexpected increase in porosity (Ar+ 30% He+
0.015% N,) compared to other plates, and it is only lower
than the porosity in plate 1. There is hardly any porosity in
the weld metal of plate 5 (Ar + 50% He + 0.015% N,), or it
is negligible.

It is observed that an increased level of helium in the
mixture also increases the flow of the filler material, decreas-
ing the overlap. The increase in helium content in the
shielding gas influences the increase in depth penetration.

Results in the investigation showed that the applied
shielding atmosphere Ar+ 50% He + 0.015% N, in the
performed welding of AIMg4.5Mn material produces
welded joints with a minimal porosity level.

CONCLUSION

— Pre-heating above 100°C is obligatory when welding
plates of AIMg4.5Mn alloy, despite the 12 mm thickness
in this case. Guidelines in some literature references say
that these alloys should be pre-heated upon welding only
at thickness levels above 14 mm, while thinner plates do
not require pre-heating. Preheating decreases the level of
porosity in the weld metal.

— Adding only nitrogen has no substantial impact on the
quality of the weld metal. Having in mind this fact,
confirmed from tests, no advantage may be given to any
particular shielding gas, whether it is pure Ar or a mixture
Ar+ 0.015% N,. Also, one should always bear the fact
that porosity occurred within the weld metal volume, in
both cases, despite the applied pre-heating.

— Adding helium to Ar and nitrogen mixture decreases the
porosity level in weld metal. The flow of filler material
increases due from the increased level of helium, where-
upon overlapping diminishes and the width of the weld
increases. The shielding atmosphere Ar+ 50% He +
0.015% N, has shown to be most efficient.
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