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Abstract

In this paper is shown the influence of gas shielding
atmosphere on the weldability of AIMg4.5Mn alloy.
Prepared plates were welded using tungsten inert
gas (TIG) with four different shielding atmospheres.
Metallographic testing, tensile testing and hardness
testing of welded joints were carried out. It has
been shown that composition of shielding
atmosphere has effect on the weld appearance,
depth of penetration, overflowing of filler material,
porosity in the weld metal, as well as on values of
tensile strength and hardness. Weldments obtained
by welding in a shielding atmosphere Ar + 50% He
+ 0.015% N, have the best appearance of the weld
metal, good overflowing of filler material and
satisfactory width to hight ratio. It was also
established that these welds have the lowest weld
metal porosity.

INTRODUCTION

Weldability of aluminum and its alloys has not been
fully resolved. On the weldability of these alloys is
afected by various factors that require the use of
complex welding technology compared with steel.
The development of electric arc welding processes
in a protective atmosphere of inert gases
contributed to much easier welding of aluminum
alloys. Modernization of welding technology directly
affects the quality of welded joints, structural
integrity and thus their longer service life. Through
the physical properties of the shielding gas has an
effect on the degassing of molten baths, regulation
of weld penetration profile and wettability [1-4]. The
most common problems encountered when welding
Al-Mg alloys are: degradation of the mechanical
properties of the HAZ [5], reducing the
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lzvod

U ovom radu je prikazano kako vrsta zastitne
atmosfere utiCe na zavarljivost legure aluminijuma
AlMg4.5Mn. Pripremljene plo¢e su zavarene TIG
postupkom u Ccetiri razliCite zaStitne atmosfere.
Posle izvedenog zavarivanja, wuradena su
metalografska ispitivanja, ispitivanje zatezne
CvrstoCe zavarenog spoja u celini, kao ispitivanje
tvrdoCe zavarenog spoja. Pokazano je kako vrsta
zastitne atmosfere utie na oblik Sava, dubinu
uvarivanja, razlivanje dodatnog materijala, pojavu
poroznosti u metalu Sava, kao i na vrednosti
zatezne G&vrstoce i tvrdoce. Savovi dobijeni
zavarivanjem u zastitnoj atmosferi
Ar+50%He+0,015%N, pokazali su najbolji izgled
metala Sava, pri ¢emu je dobro razlivanje dodatnog
materijala a odnos Sirine i visine Sava
zadovoljavajuéi. Takode je pokazano da ovako
dobijeni Savovi imaju najmanju poroznost metala
Sava.

uvoD

Zavarljivost aluminijuma i njegovih legura do danas
nije u potpunosti razreSena. Na zavarljivost ovih
legura utiCu razli¢iti faktori koji iziskuju primenu
sloZenije tehnologije zavarivanja u poredenju sa
Celicima. Razvoj elektroluc¢nih postupaka
zavarivanja u zastitnoj atmosferi inertnih gasova
znatno je olakS8ao =zavarivanje aluminijumskih
legura. Osavremenjivanjem tehnologije zavarivanja
direktno se uti€e na kvalitet zavarenih spojeva,
integritet konstrukcija a samim tim i na njihov duzi
radni vek. Preko fizickih osobina zastithog gasa
utiCe se na degazaciju rastopliene Kkupke,
regulisanje profila uvarivanja i sposobnost kvasenja
[1-4]. NajCes¢i problemi koji se sreéu pri
zavarivanju Al-Mg legura su: degradacija
mehanickih osobina u ZUT [5], smanjenje
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corrosion resistance [6-8], the appearance of pores
- as a result of the absorption of hydrogen in the air,
cracking - primarily as a result of the warm phase
transformations that occur in the weld metal and
heat affected zone and the occurrence of inclusions
- usually oxide Al,O; [9].

High thermal conductivity of aluminum influences
on the width of the HAZ, and thus the degradation
of the mechanical properties. In the case of welding
of aluminum alloys in cast or hot-rolled condition,
the decline in mechanical properties is minimal. But
in the case that the process is carried out at a heat-
welding or deformation strengthened alloys, the
loss in strength and toughness can be substantial.
Degradation of mechanical properties is attributed
to the recrystallization process, which, in reinforced
alloys strain begins to take place at temperatures
above 200°C and completely ends at temperatures
above 300°C [10-13]. The change in mechanical
properties is often associated with the size of
grains. Due to the increase of grain in the HAZ, a
decrease in strength [14]. In aluminum alloys to
increase the impact of grain is reflected more
through increased tendency to hot cracking
occurrence. Addition of elements such as titanium,
zirconium and strontium, reducing the mobility of
the grain boundary, preventing the recovering
process, and thus allows the unwinding of the
dynamic recrystallization. This leads to the
formation of finer grains, thereby contributing to the
quality of welded joints [15,16]. In the literature one
can find another possible reason for the
degradation of the mechanical properties of the
weld metal due to chemical changes all together. It
is known that magnesium, because of its low
boiling point, and lithium due to the high degree of
oxidation can be lost during the welding process.
The loss of magnesium is particularly pronounced
in the case of the MIG welding process [17].

The formation of pores is also one of the important
problems in welding of aluminum and its alloys. The
pores are formed as a result of absorption, diffusion
and dissolution of gases on the surface and inside
the hardened weld metal. Pore mainly produces
hydrogen, which dissolves in the liquid metal bath
and it is distributed throughout the volume.
Hydrogen has the highest solubility in pure
aluminum. When solidification solubility abruptly
decreases, whereby hydrogen is trapped in the
weld metal in the form of pores [18-21].

Argon and helium are the most commonly used
shielding gases and significantly affect the quality
of the weld. However, they differ from each other.
Helium is one of the lightest gas, compared with the
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korozione postojanosti [6-8], pojava pora - kao
posledica apsorpcije vodonika iz vazduha, pojava
prslina - prvenstveno toplih kao posledica faznih
transformacija koje se javljaju u metalu Sava i zoni
uticaja toplote i pojava ukljuCaka - najceSce oksida
AlL,O; [9].

Visoka toplotna provodljivost aluminijuma uti¢e na
Sirinu ZUT, a samim tim na degradaciju mehanickih
karakteristika. U slu€aju zavarivanja aluminijumskih
legura u livenom ili toplo valjanom stanju, pad
mehanickih svojstava je minimalan. Ali u slu€aju da
se proces zavarivanja izvodi na termicki ili
deformaciono oja¢anim legurama, gubitak u
Cvrstoéi i tvrdoéi moZe biti znacajan. Degradacija
mehanickih  svojstava pripisuje se procesu
rekristalizacije, koja kod deformaciono oja¢anih
legura pocCinje da se odvija na temperaturama
iznad 200°C i u potpunosti se zavrSava na
temperaturama iznad 300°C [10-13]. Promena u
mehani¢kim svojstvima cCesto je povezana sa
veli¢inom zrna. Usled porasta zrna u ZUT dolazi do
smanjenja Cvrstoce [14]. U aluminijumskim
legurama uticaj povec¢anja zrna ogleda se vise kroz
poveéanu sklonost ka obrazovanju toplih prslina.
Dodatak elemenata poput titana, cirkonijuma i
stroncijuma, smanjuje pokretljivost granica zrna,
onemogucavajuci proces oporavljanja, pri ¢emu se
omogucava odvijanje dinamicne rekristalizacije. Na
taj nacin dolazi do stvaranja sitnijeg zrna, ¢ime se
doprinosi i kvalitetu zavarenog spoja [15,16]. U
literaturi se moze pronaci i jo$ jedan moguci razlog
degradacije mehanickih svojstava u metalu Sava,
usled promene hemijskog sasatava. Poznato je da
magnezijum, zbog svoje niske tacke kljucanja, i
litjum zbog visokog stepena oksidacije, mogu biti
izgubljeni za vreme procesa zavarivanja. Gubitak
magnezijuma je posebno izraZzen u slu€aju primene
MIG postupka zavarivanja [17].

Nastajanje pora je takode jedan od znacajnih
problema pri zavarivanju aluminijuma i njegovih
legura. Pore nastaju kao posledica apsorpcije,
difuzije i rastvaranja gasova na povrsini i unutar
oCvrslog metala 3ava. Pore uglavnom stvara
vodonik, koji se rastvara u te¢nom metalnom
kupatilu i u njemu se rasporeduje po celoj
zapremini. Najve¢u rastvorljivost vodonik ima u
Cistom  aluminijumu.  Prilikom  ocvr8¢avanja
rastvorljivost naglo opada, pri ¢emu vodonik ostaje
zarobljen u metalu Sava u vidu pora [18-21].

Argon i helijum su najCeSc¢e koriS¢eni zastitni
gasovi i znacajno utiCu na kvalitet zavarenog spoja.
Medutim, oni se medusobno razlikuju. Helijum je
jedan od najlak8ih gasova, od argona laksi priblizno
deset puta.
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argon, around ten times lighter. It also has a high
ionization potential, 25eV to 16eV compared with
the argon and thus a higher arc voltage. In contrast
to the benefits of helium, argon, because of its
higher density provides better protection weld pool
during welding. Price helium is much higher
compared to argon, and for this reason most
commonly used mixtures of these two gases. In
recent times also apply to the combination of these
two gases in addition to oxygen (only with MIG
procedure) or nitrogen from a few hundred ppm
[22-23].

Experiment

Welding were used plates of aluminum alloy
AlMg4.5Mn, with dimensions 500x250x12mm, and
V grooves are prepared by milling. Chemical
composition and mechanical properties of the alloy
are shown in Tables 1 and 2. As additional material
used is aluminum alloy wire AlIMg4.5Mn
(classification DIN1732 / SG- AlMg4.5Mn or
BS2901 / 5183 or AWS A5.10 / ER 5183), @5 mm
and a length of 1000 mm (table 3).

Test plates are butt-welded in four types of
shielding atmosphere in TIG process, in 4 passes:
1 root pass +3 filling passes, as shown in Figure 1.
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Takode, poseduije i visok potencijal jonizacije, 25eV
u poredenju sa 16eV kod argona, a time i vedéi
napon luka. Nasuprot prednostima helijuma, argon,
zbog svoje vecCe gustine, pruza bolju zastitu
metalnog kupatila pri zavarivanju. Cena helijuma je
znatno ve¢a u odnosu na argon, pa se iz tog
razloga najces$c¢e primenjuju mesavine ta dva gasa.
U novije vreme primenjuju se i kombinacije ova dva
gasa uz dodatak kiseonika (samo kod MIG
postupka) ili azota od nekoliko stotina ppm [22-23].

Eksperimentalni rad

Za zavarivanje su koriS¢ene ploCe od legure
aluminijuma AlMg4.5Mn, dimenzija
500x250x12mm, i V Zljebovi su pripremljeni

glodanjem. Hemijski sastav i mehaniCke osobine
legure prikazani su u tabelama 1 i 2. Kao dodatni
materijal koriséena je Zica od legure aluminijuma
AlMg4.5Mn (klasifikacija DIN1732/SG- AlMg4.5Mn
il BS2901/5183 ili AWS A5.10/ER 5183), @5 mm i
duzine 1000 mm (tabela 3).

Probne ploCe su su€eono zavarene, u Cetiri vrste
zastitne atmosfere TIG postupkom, u 4 prolaza i to
1 koreni prolaz +3 prolaza popune, kao Sto je

All passes are executed by welding in advance. prikazano na slici 1. Svi prolazi su izvedeni
tehnikom zavarivanja unapred
Hem. element . .
Chem. element Si Fe Cu Mn Mg Zn Cr Ti
mas % 0,13 0,21 0,04 0,66 3,95 0,03 0,06 0,025
Table 1. Chemical composition of aluminum alloy AIMg4.5Mn
Tabela 1. Hemijski sastav legure aluminijuma AIMg4.5Mn
Zatezna Napon Procentualno Ukupna energija
Cvrstoca, te€enja, izduzenje udara,
Tensile Yield The percentage The total impact
strength strength elongation energy
Rm (MPa) Ro2(MPa) A (%) ()
Pravac valjanja
Rolling direction 293 133 25 41
Popreé&ni pravac
The transverse direction 304 143 24 32
Table 2. Mechanical properties of aluminum alloys AlMg4.5Mn
Tabela 2. Mehani¢ke osobine lequre aluminijuma AlMg4.5Mn
Hem. element drugi/others
Chem. element Si Fe Cu Mn Mg Zn Cr Ti svaki | ukupno
each total
mas % <0,40 | <040 | <0,10 | 0,5-1,0 | 4,3-5,2 | <0,25 | 0,05-0,25 | 0,15 | <0,05 | <O0,15

Table 3. Chemical composition of welding wire AIMg4.5Mn
Tabela 3. Hemijski sastav Zice za zavarivanje AIMg4.5Mn

ZAVARIVANJE | ZAVARENE KONSTRUKCIJE, 1/2016, str. 05-12




NAUKA#*ISTRAZIVANJE*RAZVOJ

SCIENCE*RESEARCH*DEVELOPMENT

Figure 1. The weld metal with marked passes
Slika 1. Zavareni spoj sa oznacenim prolazima

Welding parameters: current, voltage, welding
speed and the calculated amount of welding input
heat, as the shielding atmosphere compositions
are shown in Table 4. The flow of shielding gas is
17-19 I/min. Ambient temperature during welding
was 20°C. Interpass temperature was always
above 110°C (controlled by the contact
thermometer). Preheat temperature of the plate is
above 110°C.

It is important to point out that another plate was
welded in a protective atmosphere of pure argon or
without preheating. In these plates in the weld
metal was observed higher porosity than the plates
welded under the same conditions but with
preheating. Given this fact, it was concluded that
the preheating is necessary, no matter what the
literature recommends preheating the sheet
thickness of over 14 mm.

Welding parameters, as well as the results of plate
testing that is welded in a shielding atmosphere of
pure argon without preheating are not presented in
this paper.

Parametri zavarivanja: ja€ina struje, napon, brzina
zavarivanja i izraunata uneta koli¢ina toplote pri
zavarivanju, kao i sastavi zastitnih atmosfera
prikazani su u tabeli 4. Protok zastitnog gasa je od
17-19  Vmin. Temperatura okoline prilikom
zavarivanja bila je  20°C. Meduprolazna
temperatura je uvek bila iznad 110°C (kontrolisana
je  kontaktnim  termometrom).  Temperatura
predgrevanja svih ploéa bila je iznad 110°C.

Vazno je istacCi i to da je joS jedna ploCa bila
zavarena u zastitnoj atmosferi Cistog argona ali bez
predgrevanja. Kod te plo¢e u metalu 3ava je
uoCena veca poroznost nego kod ploCe zavarene
pod istim uslovima ali sa predgrevanjem. Imajuci u
vidu ovu ¢€injenicu, doSlo se do zaklju¢ka da je
predgrevanje neophodno, bez obzira $to se u
literaturi predgrevanje preporuCuje za limove
debljine preko 14 mm.

Parametri zavarivanja, kao i rezultati ispitivanja
ploe koja je zavarena u zastitnoj atmosferi Cistog
argona bez predgrevanja nisu prikazani u ovom
radu.

Vrsta za8titnog gasa Redni br. Jacina Napon
o ProlazaNo of struje ' Vz, cm/min | Q, kd/cm Qsr, kd/cm
Shielding gas pass Current A Voltage V
1 220 21,8 15,2 18,9
A 2 215 22,1 11 25,9 17.96
' 3 215 20,2 15,2 17,1 i
4 220 20,6 11,5 23,6
1 220 20,2 9,9 26,9
Ar+0,015%N, 2 224 20,2 10 27,1 20-26
3 217 21,2 13,9 19,9
4 214 21,3 13,3 20,6
1 232 17,2 11,8 20,3
Ar+15%He+0,015%N2 2 232 17,1 9,3 25,6 18-26
3 232 17,2 14,4 16,6
4 232 16,8 12,5 18,7
1 234 20,3 17,2 16,6
Ar+50%He+0,015%N, g ggj fgé 1 ;’7 g,g 13-17
4 234 19,1 20,2 13,3

Table 4. Welding parameters
Tabela 4. Parametri zavarivanja
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From Table 1 it is clear that the welding in the
shielding atmosphere of gas mixtures, increasing
the content of helium causing an increase in arc
voltage at the same currents (plate 1,5), because
helium has a higher ionization potential than argon.
This increase in voltage directly increase welding
speed, which is also shown in Table 1. The amount
of welding heat input was from 17 to 26 kJ / cm in
all cases except in the last (Ar + 50% He + 0.015%
N2) where was 13-17 kJ / cm, which is explained
by the increase of welding speed.

Macroscopic and microstructural analysis

From the welded plates are cut samples for testing
macrostructure. These samples were etched and
photographed as shown in Figure 2.

4

SCIENCE*RESEARCH#*DEVELOPMENT

Iz tabele 1 se jasno vidi da pri zavarivanju u
zastitnoj atmosferi meSavine gasa, povecanje
sadrZaja helijuma utiCe na povecanje napona luka
pri istim jacinama struje (plo¢e 1,5), jer helijum ima
veci potencijal jonizacije od argona. Ovo povecanje
napona direktno uti€e na povecCanje brzine
zavarivanja, S$to je takode prikazano u tabeli 1.
Koli¢ina unete toplote pri zavarivanju je bila od
17-26 kJ/cm u svim slu€ajevima osim u poslednjem
(Ar+50%He+0,015%N,) gde je bila od 13-17 kd/cm,
§to se objasnjava povecanjem brzine zavarivanja.
Makroskopska i mikrostrukturna ispitivanja

Iz zavarenih plo€a su iseCeni uzorci za

makrostrukturna ispitivanja. Ovi uzorci su nagrizeni
i fotografisani Sto je prikazano na slici 2.

b) Ar+50%He+0.015%N,

Figure 2. Appearance of macro snapshot of welded joints
Slika 2. Izgled makrosnimaka zavarenih spojeva

Figure 2a shows that the welding in the shielding
atmosphere of pure argon gives lower seam width
and less overflowing of filler material. At higher
contents of He in the gas mixture, the seam width is
increased, a overflowing of filler material is better.
The most beautiful appearance of weld (no
undercuts, good overflowing, no big weld
reinforcement) is obtained for welding in protective
atmosphere Ar + 50% He + 0.015% N2 can be
clearly seen in Figure 2b. The structure of the weld
metal of welded plates is the same, which is to be
expected, because the welding conditions about
the same, that is, the only difference between the
individual plate is a kind of shielding atmosphere is
used in welding. In the weld metal are present
intermetallic phases at grain boundaries. The main
difference in the structure of the tested weld metal
plates is in the porosity, which is predominantly
distributed around the fusion line between the two
passes and fusion line between the base metal and
weld metal. The maximum porosity was observed
in the weld metal plates welded in an atmosphere
of pure argon, Figure 3a. The weld metal plates
welded under shielding gas mixture Ar + 0.015%
N2 (Figure 3b), show a slightly lower porosity than
in the previous case. Increase of the percentage of
helium in a shielding atmosphere causes the
decrease of porosity, so that the welding in the
shielding atmosphere of Ar + 50% He + 0.015% N2
is almost negligible, Figure 3d.

Na slici 2a se vidi da je pri zavarivanju u zastitnoj
atmosferi Cistog argona manja Sirina Sava kao i
slabije razlivanje dodatnog materijala. Pri veéim
sadrzajima He u zastithom gasu, Sirina Sava se
povecava, a razlivanje dodatnog materijala je bolje.
NajlepSi izgled Sava (nema zajeda, dobro
razlivanje, nema velikog nadviSenja) je dobijen pri
zavarivanju u zastitnoj atmosferi
Ar+50%He+0.015%N, Sto se jasno vidi na slici 2b.
Struktura metala Sava svih zavarenih ploca je ista,
Sto se i moZe oclekivati, jer su uslovi zavarivanja
priblizno isti, odnosno, jedina razlika izmedu
pojedinacnih ploca je vrsta zastitne atmosfere koja
je koris¢ena pri zavarivanju.

U metalu Sava su prisutne intermetalne faze po
granicama zrna. Osnovna razlika u strukturi metala
Sava ispitivanih plo¢a je u poroznosti, koja je
dominantno rasporedena u okolini linije spoja
izmedu dva prolaza i linije spoja izmedu osnovnog
metala i metala Sava. NajvecCa poroznost je uocena
u metalu Sava plo¢e zavarene u atmosferi Gistog
argona, slika 3a. U metalu Sava plo¢e zavarene u
atmosferi Ar+0.015%N, (slika 3b), uoCena je nesto
manja poroznost nego u prethodnom slucaju.
Povec¢anje udela helijuma u zastitnoj atmosferi
utiCe na smanjenje poroznosti, tako da je pri
zavarivanju u zastitnoj atmosferi
Ar+50%He+0.015%N, gotovo zanemarljiva, slika
3d.
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Tensile testing

Tensile tests were performed at room temperature.
From the welded plates are made specimens with
parallel sides for testing tensile strength of the
whole welded joint. During the test of specimens to
determine the tensile strength of the welded joint as
a whole (specimens with parallel sides) to the
fracture occurred most often in the HAZ, regardless
of the composition of the shielding gas mixtures.
Tensile strength values ranged from 271-290 MPa,
which is slightly lower (about 10%) of the tensile
strength of base metal 293-305 MPa, which shows
that there has been a degradation of strength in the
HAZ. Bearing in mind the shown results, it can be
said that the strength of the welded joint does not
significantly affected by the type of shielding
atmosphere.

Hardness test

The hardness of the welded joints was measured
by Vickers method HV5. On the polished samples
was measured hardness welds along three lines: to
the weld face, in the middle and towards the root,
where it is in all cases covered by the base metal,
weld metal and HAZ. The hardness of the base
material ranged from 65-85 HV. Figure 3 shows
changes in hardness samples, along the middle of
the plate using various types of shielding
atmosphere.

SCIENCE*RESEARCH#*DEVELOPMENT

) d) Ar+50%He+0.015%N;
Figure 3. Appearance of weld meatl microstructure
Slika 3. Izgled mikrostrukture metala Sava

Ispitivanje zatezanjem

Ispitivanja zatezanjem radena su na sobngj
temperaturi. 1z zavarenih plo¢a napravljene su
epruvete sa paralelnim bokovima za ispitivanje
zatezne Cvrstoce spoja u celini. Pri ispitivanju
epruveta za odredivanje zatezne Cvrstoce
zavarenog spoja u celini (epruvete sa paralelnim
stranicama) do loma je dolazilo naj¢e$¢e u ZUT,
bez obzira na sastav meSavine zastithog gasa.
Vrednosti zatezne C¢&vrstoe su se kretale od
271-290 MPa, &to je nesSto nize (oko 10%) od
zatezne Cvrstoée osnovnog metala 293-305 MPa,
$to pokazuje da je doSlo do degradacije ¢vrstoce u
ZUT. Imajuéi u vidu prikazane rezultate, moze se
reéi da na CvrstoCu zavarenog spoja bitho ne utice
vrsta zastitne atmosfere.

Ispitivanje tvrdoce

Tvrdoa zavarenih spojeva merena je Vikersovom
metodom HV5. Na ispoliranim uzorcima merena je
tvrdo¢a zavarenih spojeva duz tri linije: ka licu
Sava, u sredini i ka korenu, pri ¢emu je u svim
sluCajevima obuhvacen osnovni metal, metal Sava i
ZUT. Tvrdo¢a osnhovnog materijala se kretala od
65-85 HV. Na slici 3 su prikazane promene tvrdoce
uzoraka, duz sredine ploce pri koriséenju razlicitih
vrsta zastitne atmosfere.
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Figure 4. Distribution of hardness in the welded joints of various shielding atmosphere
Slika 4. Raspodela tvrdoce u zavarenom spoju za razlicite zastitne atmosfere
(tvrdoCa-hardness,; merno mesto-testing place; osnovni materijal-base material; metal Sava-weld metal; ZUT-HAZ)

As can be seen from Figure 3, the hardness of the
weld metal is slightly higher than the hardness of
the base metal, the most by about 10% in individual
cases and ranged from 67-87 HV. In the HAZ is
observed a slight decrease compared to the
hardness of the base material, indicating the
degradation of the mechanical properties of the
HAZ. Based on these results we can freely say that
the hardness of the weld metal of welded joints do
not significantly influence the composition of the
shielding atmosphere.

Conclusions

1. When welding sheet metal alloy AIMg4.5M|4'

required to be applied preheating above 100 ° C.
Preheating reduces porosity in the weld metal..

2. Overflowing of filler material increases with
increasing helium thereby reducing the weld
reinforcement, and increases the width of the
seam. Also, an increase in helium content in the
shielding atmosphere causes the reduction of
porosity, and as the best shielding atmosphere
Ar + 50% He + 0.015% N2 is shown, in which
the observed the minimum porosity.

3. Adding nitrogen to shielding gas in TIG process
causes more overflowing of filler material and
reducing porosity.

4. Tensile strength of the welded joint in its entirety
for all samples differ up to 10% with respect to
the tensile strength of the base material. Bearing
in mind that the specimens ruptures occurred in
almost all cases in the HAZ, it is safe to say that
the type of shielding atmosphere has no
significant impact on the strength of the weld
metal. It should be taken into account that in the
Bearing in mind that the specimens ruptures
occurred in almost all cases in the HAZ, it is safe

Kao $to se sa slike 3 vidi, tvrdo¢a metala Sava je
nesto veéa nego tvrdoca osnovnog metala, najvise
za oko 10% u pojedinacnim sluajevima i kretala se
od 67-87 HV. U ZUT je uocen blagi pad tvrdocCe u
odnosu na osnovni materijal, $to ukazuje na
degradaciju mehani¢kih svojstava u ZUT.

Na osnovu dobijenih rezultata se slobodno moze
reCi da na tvrdocu metala Sava zavarenog spoja
bitno ne uti¢e sastav zastitne atmosfere.

Zakljucci

Pri zavarivanju limova legure AlMg4.5Mn
obavezno treba primeniti predgrevanje iznad
100°C. Predgrevanjem se smanjuje poroznost u
metalu Sava.

2. Razlivanje dodatnog materijala se poveéava sa

povecanjem sadrzaja helijuma pri emu se
smanjuje nadviSenje, a povecava Sirina Sava.
Takode, poveéanje sadrzaja helijuma u zastitnoj
atmosferi utiCe na smanjenje poroznosti, pa se
kao najbolia pokazala zastitna atmosfera
Ar+50%He+0.015%N,, kod koje je uoena i
najmanja poroznost.

3. Dodavanje azota =zaStitnom gasu kod TIG
postupka uti¢e na bolje razlivanje dodatnog
materijala i smanjenje poroznosti.

4. Zatezna CvrstoCa zavarenog spoja u celini kod
svih uzoraka se razlikuje najviSe do 10% u
odnosu na zateznu ¢&vrstoéu osnovnog
materijala. Imajuéi u vidu da je do loma epruveta
dolazilo gotovo u svim slu¢ajevima u ZUT, onda
se slobodno mozZe re¢i da vrsta =zastitne
atmosfere nema bitnog uticaja na ¢&vrstocu
metala Sava. Treba uzeti u obzir da se kod
zavarenih spojeva legura aluminijuma
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to say that welded joints of aluminum alloys
allows the tensile strength of weld metal is 10%
lower than the tensile strength of the base metal.

5. The hardness of the weld metal is slightly higher
than the hardness of base metal, for the most
about 10%, in individual cases, while in the HAZ
hardness observed a slight decrease compared
to the base material, indicating the degradation
of the mechanical properties of the HAZ. Based
on these results, we can freely say that the
hardness of the weld metal of welded joints do
not significantly influenced by the composition of
the shielding atmosphere
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