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ABSTRACT

The present paper depicts the application of pulsed gas tungsten arc welding (pulsed GTAW) for aluminium alloy
(AA7039) using various Ar + He (Argon + Helium) mixtures as a shielding gas with sinusoidal AC wave. In this
investigation, Taguchi method is used to formulate the experimental layout, to analyse the effect of each process
parameter on the bead geometry, and to predict the optimum setting for each welding process parameter. The
pulsed GTAW process is employed for a high rate of current rise and decay at a high pulse repetitive rate, which is
widely used in the joining of precision parts. Zinc is usually added to improve mechanical properties through
formation of hard intermediate phase, such as Mg”Zn. The main aim of pulsing is to achieve maximum penetration

without excessive heat built-up. The use of high current pulses is to penetrate deeply and allow the weld pool to
dissipate some of the heat during a proportionately of longer arc period at a lower current. AA7039 is employed in
aircraft, automobiles, high-speed trains and high-speed ships due to their low density, high specific strength and

excellent corrosion resistance.
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INTRODUCTION

The Gas Tungsten Arc Welding (GTAW)
process is frequently used in welding of
aluminium alloys, because of its possible
heat input control. This control can be
utilized through a good selection of the
process variables, which in turn results in
optimizing the bead dimensions [1]. Also
GTAW process is strongly characterised
by the bead geometry because the bead
geometry plays a very important role in
determining the mechanical properties
of the weld [2]. The important process
parameters which affects the bead
profile are pulse current, secondary
current (back ground current), pulse
frequency, pulse duty cycle, welding
voltage welding speed and gas flow rate.
The thermal behaviour of weld governed
by arc characteristics and the behaviour
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of metal transfer significantly influences
the geometry, chemistry, microstructure
and stresses of weld [3, 4]. Deep
penetration in pulsed current welding is
produced mainly by arc pressure at peak
duration and significantly long peak
duration is needed for deep penetration
[5]. Argon helium mixtures are used to
take advantages of optimum operating
characteristics of each gas, superior arc
ignition and stable arc characteristics of
argon and higher thermal conductivity
of helium. These mixtures are used to
increase the heat input of the arc.
Helium rich mixtures are preferred in
order to achieve good cleaning action
with high heat input and arc stability [6],
It is also to be noted that effective heat
input for unit volume of the weld pool
would be considerably less in pulse
current welds for which reason the

average weld pool temperatures are
expected to be low [7].

Heat input is a relative measure of the
energy transferred per unit length of
weld and can be significantly controlled
pulsing

by proper selection of

conditions. Penetration is strongly
influenced by pulse duty cycle. The
linear relationship exists between the
heat input of a weld and the maximum
temperature at a given distance from
weld centre line shows that pulsed arc
welds would be cooler and therefore
exhibit less thermal distortion than
conventional GTA welds of the same
penetration [8], It is an important
characteristic because, like preheat and
interpass temperature, it influences the
cooling rate, which may affect the

mechanical properties and metallurgical
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structure of the weld and the HAZ. The
heat input is typically calculated as

follows:

H = [60EI] / 1000 S,
Where H = Heat Input (kJ/mm),
E = arc voltage (Volts),

| is a Current (Amps) and S = Travel
Speed (mm/min).

To study the entire process parameter
with a small number of experiments

Table 1 :

taguchi techniques is used. In fact
taguchi technique has been designed to
optimize a single quality characteristic.
To consider several quality charact-
eristics together in the selection of
process parameters, the modified

taguchi method (MTM) is used [2].

EXPERIMENTAL WORK

The 6mm thick samples of AA7039 were

cut into the standard sizes for bead on
plate by power hacksaw cutting and
shearing machine. Weld beads along
the length were deposited using 3.15
mm diameter filler wires of aluminium
alloy 5356 (Al- 5%Mg) with the help of
the GTAW process. A non-consumable
tungsten electrode of 2.4 mm diameter
was used with Ar and He mixture as
shielded gas. The chemical composition
and mechanical properties of base
metal are tabulated in Table 1.

Chemical compositions. Physical properties and Mechanical properties

of base metal process for Aluminium Alloy 7039

Chemical composition

Element % Compositions
Al 95.8-98.6
Mg 0.8-1.2
Si 0.40-0.80

The quality of weld is based on the
process parameters such as peak current
in the range of 150-210 A, the base
current in the range of 75-135 A, the
pulse frequency in the range of 50-150
Hz, the pulse on time in a range of 30-
90% and the helium percentage in
Ar-t-He gas mixture ranges 10-50%.
After polishing and etching of transverse
cross sections of each samplen™
measurement of bead penetration p,
bead width b and bead height h, were
carried out with the help of digital
Vernier

calliper equipped with

Physical properties

Density Melting point

2.70 g/cc 582-651.70C

magnifying glasses.

Selection of process parameter
and their Limits

A large number of trial runs were carried
out by wusing 6mm-thick AA7039
samples to find out the optimum
working limits of pulsed current GTAW
parameters. Different combinations of
pulse current parameters were used to
conductthe trial runs. The bead contour,
bead appearance and weld quality were
inspected to identify the welding

parameters. From the above analysis,
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Fig. 1 : Schematic diagram of Weld Bead
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Mechanical properties

uTsS Hardness

310 MPa 75 Hv

following observations are made:

1. If the peak current (P) < 150 A,
incomplete penetration & lack of
fusion were observed. At the same
time, if the P > 210 A, under cut,
spatters & overheating were

observed.

2. Ifbackground current (B) <75A, arc
length was found to be very short.
On the other hand, B >135 A, arc
became unstable and arc length was

.increased.

3. If the pulse frequency (F) <50 Hz,
the bead contour and bead
appearance was not of good quality.
However, if the F > 150 Hz, there
was a harsh sound in welding
machine.

4. Ifthe pulse duty cycle (T) <30%, the
heat input was very low which was
not sufficient to melt the base metal.
On the contrary, ifthe T >90%, over
melting of the base & filler metal and
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overheating of tungsten electrode
was noticed.

5. Ifthe%ageof helium inAr+He gas
mixture (X) < 10%, the arc stability,
bead penetration and bead

appeara-nce were poor. On the
other hand if X > 50%, gas
consumption gas mixture per kg
weld deposition was very high.

The problems were overcome by

choosing appropriate process para-
meters to have good quality welds.
Process parameters and their limiting
values for experimentation are tabulated
in Table 2.

Table 2 : Process Parameters and their limiting Values

Symbol Process parameter
P Pulse/Peak Current
B Secondary Current
F Pulse Frequency
T Pulse Duty Cycle
X %age of He in Ar
Optimal Selection of Process

Parameter by MTM

Modified Taguchi Method (MTM) is used

to find out the optimal process

parameter mix to enhance the bead

Unit Level 1 Level 2
A 150 165
A 75 90
Hz 50 75
% 30 45
% 10 20

geometry by conducting minimal
experiments.

Orthogonal array

In the study, five levels were chosen for

Level 3 Level 4 Level 5
180 195 210
105 120 135
100 125 150
60 75 90
30 40 50

the five factors. The limiting values of
the factors are tabulated in Table 2.
There were 20 degrees of freedom and
hence L25 orthogonal array was used.
The experimental layout for the

experimentation is detailed in Table 3.

Table 3: Process Parameters and their limiting Values
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Levels of Process Parameters

Expt

No.

T
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Levels of Process Parameters

B F T X
4 1 3 5
5 2 4 1
1 4 2 5
2 5 3 1
3 1 4 2
4 2 5 3
5 3 1 4
1 5 4 3
2 1 5 4
3 2 1 5
4 3 2 1
5 4 3 2
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RESULTS

The experiments were conducted as per
the orthogonal array and the results
were tabulated in table 4. For optimizing
the process parameters, four quality

characteristics have to be considered for
~ single characteristic. The weighted
response of bead geometry properties is
obtained by adding weights to the

"esponses as a single quality

characteristic. In this optimization, the

weights for bead
width and bead height are selected as
weightage).

bead penetration,
1/3 (assuming equal
The weighted response is tabulated in
Tables.

Table 4 : Experimental results for the bead geometry

S. No Penetration Width Height S. No Penetration Width Height
(p) mm (b) mm (h) mm (p) mm (b) mm (h) mm
o1. 0.54 7.07 1.45 14. 1.12 10.58 1.99
02. 0.80 7.93 1.23 15. 1.67 9.40 2.01
03. 2.00 9.78 1.74 16. 1.71 9.86 1.83
04. 1.76 9.55 1.56 17. ‘1.42 9.04 2.42
05. 2.03 10.09 1.76 18. 1.33 8.76 1.87
06. 0.61 7.82 1.59 19. 1.78 9.42 2.28
07. 0.91 8.09 1.48 20. 1.19 9.45 1.83
08. 1.23 9.12 1.97 21. 1.42 10.06 1.91
09. 1.63 9.56 1.12 22. 1.84 9.81 1.87
10. 1.49 9.98 2.13 23. 1.56 8.52 1.63
11. 1.66 9.61 1.82 24, 2.35 10.68 1.42
12. 0.69 9.13 1.74 25. 1.29 8.05 2.09
13. 1.06 9.69 1.89
Taible 5 : WeiiGyted response for the bead geometry
Expt Weighted Expt Weighted Expt  Weighted Expt  Weighted Expt Weighted
No. Response No. Response No. Response No. Response No. Response
1 3.02 6. 3.34 11. 4.36 16. 4.47 21. 4.46
2. 3.39 7. 3.49 12. 3.85 17. 4.29 22. 451
3 451 8. 4.11 13. 4.21 18. 3.99 23. 3.90
4, 4.29 9. 4.10 14. 4.56 19. 4.49 24, 4.82
5 463 10. 4.53 15. 4.36 20. 4.16 25 3.81
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Analysis of variance For determining the significant affecting

. . . rocess arameters, F-test was
Analysis of variance is the most P P

performed. The results of ANOVA are

tabulated in Table 6 and response graph

in Fig 2. The %age contribution by each

important tool for calculating the
responsible fectors which significantly
affects the bead geometry properties.

Table 6 : Results of analysis of variance

Symbol Welding parameter Deg of Sum of Mean
freedom square square
P Pulse Current 4 0.710 0.1775
B Base Current 4 1.105 0.2763
F Pulse Frequency 4 0.582 0.1455
T Pulse Duty Cycle 4 1.062 0.2656
X %age of He in Argon 4 0.513 0.1283
Error 4 0.967
Total 24 4.939

of ethe process parameters are
presented in Table 6. Response graph
are drawn from response Table 7, to
identify the significant levels of each
factor.

Table 7 : Response table for the weld bead properties

Symbol Welding parameter Level 1 Level 2 Level 3
P Pulse Current 3.97 3.91 4.27
B Base Current 3,93 3.91 4.14
F Pulse Frequency 4.12 3.90 4.27
T Pulse Duty Cycle 3.81 4.28 4.10
X %age of He in Argon 4.12 3.93 4.37

Confirmation Test

The optimal level of process parameters
were predicted by using the response
graph and ANOVA. The process
parameters and their levels which affect
the weld bead geometry are pulse
current at level 5, background current at

level 4, pulse frequency at level 5, pulse n|iiiiiiiiiini

F Contributed
percentage
0.7346 14.38
1.1428 22.37
0.6020 11.7.8
1.0985 21.50
0.5308 10.39
19.58
Level 4 Level 5
4.28 4.30
4.45 4.29
4.10 4.34
4.12 4.42
4.13 4.21

duty cycle at level 5 and percentage of i«WM [« 2 lewis
He at level 3. The obtained results were Panamefcrc Lswl

verified by conducting a confirmation
test based on results obtained in table 8.

30

Fig 2 : Response graph for Bead Geometry Properties
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Table 8 : Confirmation test results

Optimum Optimal Bead

Response Process Parameters Penetration (P)
(mm)

Predicted P5-B4 -F5-T5 - X3

Experiment P5-B4 - F5 - T5 - X3 2.32

DISCUSSIONS

Tlie weld beads were prepared at 100,
120,140 and 160 Amp currents at various
frequencies like 50, 75,100,125 and 150
Hz. During welding, it was observed tliat
at lower current the welding speed was
less and as the current increases, the
welding speed was also increased. There
is a harsh sound in the welding machine
on increasing the frequency and no
colour changes during welding were
observed. The
different samples was plotted at an
interval of 0.8 mm starting from the weld
centre up to the unaffected base metal.
The results for the microhardness with

microhardness for

the increase in frequency at different

1 23 456 7 8 91t)

Distance fiom weld cailie

Fig. 3

Variation of Micro-hardness at 100 amp current

for Aluminum Alloy 7039
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currents are plotted in fig 3 to fig 6, and
the microstructures of the base metal,
weld zone and heat-affected zones are
shown From the above
investigation the following observations

are made,

in fig. 7.

(@) The low microhardness of the
weld zone can be attributed due

to the low hardness ofthe fillers.

(b) It is observed that as we move
from the weld zone towards the
unaffected base metal, the

microhardness increases from 95

VHN to 130 VHN (approx). The

microhardness increases due to

the small grain size in the fusion

zone.

t 1

(d)

12 3 45 6 7 8 9

Bead Width Bead heigh
(b) mm (h) mm
11.55 2.87
(c) At 6 to 8 mm (approximately)

from the weld the

microhardness drops and then

zone

again increases gradually till it
becomes constant at the
unaffected base metal. The drop
in the microhardness (which is
approximately 15 VHN) is due to
grain coarsening and precipitation
hardening inthe HAZ.

It is also observed that as we
increase the current & frequency,
the drop in the microhardness
shifts away from the weld centre
towards the unaffected base
metai. This is due to the increase
in heat input as currents and

frequencies are increases.

10 1

Distance fioni weld ceutie

Fig. 4

Variation of Micro-hardness at 120 amp current
For Aluminum Alloy 7039
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Fig 7( a,b,c): Microstructure of Base Metal, HAZ and Weld Metal of Aluminum Alloy 7039
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CONCLUSION

On the basis of the above experimental
results it had been proved that pulse
current, pulse

current, background

frequency, pulse duty cycle and
percentage of He in (Ar + He) gas
mixtures plays significant role for
optimising the weld bead geometries. In
this investigation, the pulse current of
210 A, background current of 120 A,
pulse frequency of 150 Hz, pulse duty
cycle of 90 per cent and 30 per cent of He
in Ar + He gas mixture resulted the
optimum values of bead geometry. The
confirmation test conducted w/ith
predicted levels of factors proved to be

worthy.

It is observed that the microhardness
reduces in the particular area of the heat
affected zone due to grain coarsening
and precipitation hardening. Also, the
drop in the microhardness shifts away
from weld centre towards the unaffected

INDIAN WEIDINGJOUBNAI, OCTOBER 2009

base metal due to the increase in heat
input as current and frequency are
increased.
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