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ABSTRACT

The pulsed-current Gas Tungsten Arc (GTA) Welding processis employed for ahigh rate of current rise, decay and ahigh pulse repetitiverate,
widely used in thejoining of precision parts. The main aim of pulsing isto achieve maximum penetration without excessive heat built-up. The
use of high current pulsesis to penetrate deeply and allow the weld pool to dissipate some of the heat during a proportionately of longer arc
period at alower current. AluminiumAlloy 7039 isemployed in aircraft, automobiles, high-speed trains and high-speed shipsdueto their low
density, high specific strength and excellent corrosion resistance. The present paper depicts the application of Pulsed GTA welding for
AAT7039 using pureargon gas as ashielding gaswith sinusoidal AC wave. In thisinvestigation, the bead geometry and metall ographic study of
welded (AA7039) aluminium alloy have been carried out at various pulse currents, secondary currents, pulse frequencies and duty cycles.
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INTRODUCTION

The GTAW processisoneof themost well established
processes, which canweld al metalsof industrial useand
also give the best quality welds among the arc welding
processes. Thebasic requirementsof all GTAW processes
are similar, i.e. a power source, a hand or machine
manipul ated torch, a pressurized supply of asuitableinert
gas or gas mixtures from cylinders and cables of correct
sizeto conduct welding current from the power sourceto
thetorch and tungsten e ectrode. Zeytsev in1953 devel oped
the pulsed GTAW processin the Soviet Union. GTAW is
the best preferred welding process for high strength
aluminium alloys due to easier adaptability and better
economy. Pure tungsten el ectrodes, zirconiated tungsten
electrodes, thoriated tungsten el ectrodes, ceriated tungsten
electrodes, lanthanated tungsten electrodes and other
tungsten alloy electrodes are used in the TIG welding
process. Argon, helium, argon-helium, argon-hydrogen,
helium-hydrogen, and nitrogen are used in this process as
shielding gases.

A demand for lighter and stronger a uminium armour
for protection against high explosive shell fragmentsin
the early 1960sled to theintroduction of AA7039. Itisa
heat treatable and weldable d uminium alloy having 4.5%
zinc and 2.5% magnesium. Magnesium is added for

improving the mechanical properties, corrosion resistance
and machinability. Zinc is usually added to improve the
mechanical properties through formation of the hard
intermetallic phases, such as Mg,Zn. Heat treatable
auminium aloys are widely used in aircraft structural
applications and are susceptibleto localized corrosionin
chloride environments, such as pitting, crevice corrosion,
intergranular corrosion, exfoliation corrosion and stress
corrosion cracking.

AAT7039isemployed in aircrafts, automobiles, high-
speed trains, lightweight transportable bridges, armour
plate, military vehicles, road tankers, railway transport
systems and high-speed marine applications due to their
low density, high specific strength and excellent corrosion
resistance. It was used in the armoured hulls of M551
light tanksand XN7231FV in USA. AA7039-T64 exhibits
better performance against ball and armour piercing than
AA5083.

Welding of aluminium and its alloys presets some
peculiarities in contrast to ferrous materials, due to the
physical and chemical propertiesof aluminiumlike passive
oxidelayer, high thermal and electrical conductivity, low
fusion temperature, heat coefficient of thermal expansion,
solidification shrinkage and high solubility of hydrogen and
other gases in molten state. Further problems can rise
when attention is focused on heat-treatable alloys, since
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heat, provided by welding process, isresponsible for the
decay of mechanical properties, due to phase
transformations and softeninginducedinalloy [1].

Many of the aluminium alloys also exhibit excellent
weldability as a prime requirement for any engineering
structure, where welding is a predominant fabrication
route. Aluminium is an excellent conductor of heat. It
requires large heat inputs when welding is begun, since
much heat islost in heating the surrounding base metal.
After welding has progressed awhile, much of this heat
has moved ahead of the arc and pre-heated the base metal
to atemperature requiring less welding current than the
original cold plate. If the weld is continued further onto
the end of the two plates where there is nowhere for this
pre-heat to go, it can pile up to such adegree as to make
welding difficult unlessthe current is decreased.

AA5356 and AA5183 aluminiumalloy filler wiresare
recommended for welding of AA7039. Thesefiller wires
are used for getting maximum strength and el ongation.

Theimportant process parameters which affectsthe
bead profile are pulse current, secondary current (back
ground current), pul sefrequency, pulseduty cycle, welding
voltagewelding speed and gasflow rate. The pulse/ peak
current are of primary importance since it predicts the
weld heat input. The pulse of higher current are found to
generate a large variation of pressure in the arc. Arc
pressure causes the turbulence in the weld pool, which
allows the heat to penetrate deeper into the base metal.
Back ground current affects the rate of cooling and
solidification. Higher pulse duty cycle [Tp/ (Tp + Th)],
where Tp — pulse current time and Tb — back ground
current, indicates the tendency towards continuos current.
Theincrease in pulse duty cycle causesincrease in heat
input resulting deeper penetration and wider weld bead.
When the number of pulses is increased, the pulse time
reduces. This shall reduce the radiation loss per pulse.
Increase in welding voltageincreases the weld width and
reduces the penetration. Also welding speed plays very
dominant factor in defining the geometry of thebead. With
increase in welding speed, the heats per unit length
decrease and hence weld width as well as penetration
decreases. Thetypica weld bead of TIG joint, according
towelding speed, showsdifferent typesof grain structures:
the lower the speed (<7 mm/s) the wider the grains, what
ismorethey result aligned in the direction of heat source
motion. For the highest wel ding speed (>19 mm/s) aregion
of fine equiaxed grains grows up throughout the thickness
of the weld. Gas flow rate does not affect the weld
geometry significantly. Weld bead width can be controlled
more efficiently by welding current than welding speed.
Also bead width found to decrease with an increase in
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the electrode diameter to a certain extent and increase
slightly with an increase of the apex angle.

The thermal behaviour of weld governed by arc
characteristics significantly influences the geometry,
chemistry, microstructure and stresses of weld [2]. Deep
penetration in pulsed current welding is produced manly
by arc pressure at peak duration and significantly long
peak duration is needed for deep penetration [3]. Asthe
pulse frequency reduces, there is a marked increase in
the area of the weld. But when the pulse frequency
increases, more grain boundary precipitation becomes
apparent. Particularly advantageous microstructureswere
obtained with low pulsefrequencies. If the pul sefrequency
was increased above certain range there was distinct
deterioration in the structure characteristics [4].

Pulsed current welding is a variation of constant
current welding which involves cycling of the welding
current fromahighlevel toalow level at aselected regular
frequency. The high level of the peak current isgenerally
selected to give adequate penetration and bead contour,
while the low level of the background current is set at a
level sufficient to maintain astable arc. Thispermitsarc
energy to be used efficiently to fuse a spot of controlled
dimensionsin ashort time producing the weld asa series
of overlapping nuggets and limits the wastage of heat by
conduction into the adjacent parent material asin normal
constant current welding. In contrast to constant current
welding, the fact that heat energy required to melt the
base material issupplied only during peak current pul ses
for brief intervalsof time allowsthe heat to dissipateinto
the base material leading to a narrower HAZ [5].

Theevolution of microstructureinweld fusion zone
is also influenced in many ways by current pulsing,
principally, the cyclic variations of energy input into the
weld pool cause thermal fluctuations, one consequence
of whichisthe periodic interruption in the solidification
process. As the pulse peak current decays the solid-liquid
interface advances towards the arc and increasingly
becomes vulnerable to any disturbances in the arc form.
Ascurrent increases again in the subsequent pulse, growth
is arrested and remelting of the growing dendrites can
also occur. Current pulsing also results in periodic
variationsin the arc forces and hence the additional fluid
flowsthat lowers temperaturesin front of the solidifying
interface. Furthermore, the temperature fluctuations
inherent in pulsed welding lead to a continual changein
theweld pool size and shape favouring the growth of new
grains. It is aso to be noted that effective heat input for
unit volume of theweld pool would be considerably lessin
pulse current welds for which reason the average weld
pool temperatures are expected to be low [6]. The
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refinement of microstructure due to the pulsed current
welding results in a uniform distribution of the fine
preci pitates more effectively governed by its zinc pick up
enhancing the amount of precipitatesin the matrix [7].

Weld fusion zonestypically exhibit coarse columnar
grainsbecause of the prevailing thermal conditionsduring
weld metal solidification. Thisresultsin poor resistanceto
hot cracking and inferior mechanical properties. The use
of non-heat treatable fillers that can resist hot crackingis
more meaningful in welding 7xxx series alloys. In these
aloys, aslong aspossibletheweld metal contains 3% Mg
or more, hot cracking is not a serious problem[8].

On the largest scale, a weldment consists of a
transition from the wrought base metal through a HAZ
and into the solidified weld metal and includes five
microstructurally distinct regionsnormally identified asthe
fusion zone, theunmixed region, the partially melted region,
the HAZ, and the unaffected base metal. The HAZ isthe
portion of the weld joint which has experienced peak
temperatures high enough to produce solid-state
microstructural changes but too low to cause any melting.
Every position in the HAZ relative to the fusion line
experiences auniquethermal experience during welding,
in terms of both maximum temperature and cooling rate.
Thus, each position has its own microstructural features
and corrasion susceptibility. The partially melted region
extendsusually one or two grainsintothe HAZ relative to
the fusion line. It is characterized by grain boundary
liquation, which may resultin liquation cracking[9].

Heat input is a relative measure of the energy
transferred per unit length of weld and can be significantly
controlled by proper selection of pulsing conditions.
Penetrationisstrongly influenced by pulse duty cycle. The
linear rel ationshi p exists between the heat input of aweld
and the maximum temperature at a given distance from
weld centreline. It isanimportant characteristic because,
like preheat and interpass temperature, it influences the
cooling rate, which may affect the mechanical properties
and metalurgical structure of theweld and the HAZ [10].
Theheat input istypically calculated asfollows: H =[60EI]
/1000 S, Where H = Heat Input (kJymm), E= Arc Voltage
(Volts), | = Current (Amps) and S = Travel Speed (mm/
min).

MATERIALSAND METHODS

The 6mm thick samples of AA7039 were cut into
the standard sizes for bead on plate by power hacksaw
cutting and grinding. Weld beads aong the length were
deposited using 3.15mmdiameter filler wiresof auminium
alloy 5356 (Al-5%M @) with the help of the GTAW process.
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A non-consumabl e tungsten electrode of 2.4 mm diameter
was used with high purity (99.99%) argon gasasashielded
gas. Chemical composition and mechanical properties of
base metal are as follows.

Al=93.06-93.06 Mg=203-207 Zn=3.692-3.749
% % %
Density = 2.74 g/cc Meélting point = 482 - 638 °C
Hardness, Vicker’s = 125 Ultimate tensile strength =
470 MPa

Bead on plate were carried out on a pulsed GTAW
machine (TRITON 220AC/DC) with AC sinusoidal wave
at various pulse currents (125A to 220 A), secondary /
base currents (40A to 120A), pulse frequencies (50 to
250 Hz) and pulse duty cycles (0.1 to 0.9). Bead
penetration and bead width were measured at the middle
of the specimen (Fig 1). Microstructural changes have
a so been observed at weld zones of specimen at various
pulse currents, secondary currents, pul se frequencies and
pulse duty cycles.

b

Fig. 1 : Schematic diagram of Weld bead

RESULTSANDANALYSS

IDuring welding, it was observed that on increasing
of frequency, there was a harsh sound in the welding
machine. No colour changes during welding were
observed. Experimental results with microstructures of
weld zone, fusion zone and heat affected zone (HAZ) are
illustrated inthe following figures.

The results for the penetration (P) and penetration/
width (P/B) ratio with the increase in pulse currents,
secondary currents, pulse frequencies and pulse duty
cyclesareplottedin Fig. 2to Fig. 9, and the microstructures
of the weld zone, fusion zone and heat affected zone
(HAZ) are shown in Fig. 10 to 12. From the above, the
following observations were made,

— In GTAW process, the reinforcement or height
of theweld bead mainly depends upon the supply of fillers
at time of welding. It has no correlation with the pulse
parameters.

— Itisobserved fromFig. 2 and Fig. 6, asthe pulse
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duty cycle increases from 10% to 90% at various pulse
frequencies, there is an increase in penetration and
penetration / width ratio dueto increasein the duration of
pulse current.

— FromFig. 3and Fig. 7, it is observed that as the
pulse frequency increased from 50 to 250 Hz at various
pulseduty cycles, therewasa so anincreasein penetration
and penetration / width ratio dueto increase in repetition
of pulse current.

- Alsoitisobserved from Fig. 4 and Fig. 8, asthe
pulse current increased from 125 Amp to 220 Amp at
various secondary / base currents, there was an increase
in penetration and penetration/ width ratio duetoincrease
in the amplitude of the pulse current.

— FromFig.5and Fig. 9, it is observed that as the
secondary current increased from 40 Amp to 120 Amp at
various pulse currents, there was also an increase in
penetration and penetration / width ratio due to increase
in the amplitude of the secondary current.

'-,. - > g E ' I pim -
Fig. 11 : Microstructure of fusion zone
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C o g e -

Fig. 12 : Microstructure of heat affected zone

— It is observed from the metallurgical
microstructure of weld zone (Fig. 10) that averageASTM
grain size was 5.8 and the grains were equiaxed. At the
fusion zoneor interface (Fig. 11) the grainswere mixture
of equiaxed and columnar grains and in HAZ (Fig. 12),
the grains were observed to be fully columnar.

Conclusions:

In this paper, the effect of pulse currents, secondary
currents, pulse frequencies and pulse duty cycles on the
bead geometry of GTA Welded AA 7039 has been studied.
Fromthisinvestigationit is observed that the penetration
and penetration / width ratio increased with increase in
the heat inputi.e. pulse currents, secondary currents, pulse
frequencies and pul se duty cycles.
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