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ABSTRACT
Aluminium alloy 7175 treated with T6 condition of thickness 4mm were butt welded by Friction Stir
Welding (FSW) and Gas Tungsten arc welding (GTAW) method. Process parameter decides the quality of weld in
FSW and GTAW. Friction Stir Welding is done by varying the speed of rotation of tool and speed of the welding
with constant axial load of 10KN. GTAW is done by varying current with ER4346 filler material. The welded joints
are tested for its corrosion rate in Potentiostat with 3.5% NaCl solution. The corrosion behavior of welded joints was
probed by Tafel polarization curve. This technique uses data obtained from cathodic and anodic polarization
measurement. Tafel plats provide the direct measure of the corrosion current, which can related to corrosion rates.
The result shows that FSW at 1200rpm has the higher corrosion resistance comparatively.
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1. INTRODUCTION
The coupled property of light weight and high machinability made aluminium, a promising material. Good
electrical conductivity and high corrosive resistance are also its major advantageous properties. Aluminium has wide
variety of applications in the fields such as processing industries, automobile sector, and also in aviation field. The
aeronautic industries nowadays is increasing the application of Al-Mg-Si alloys due to its higher toughness, SAA
7175-T6 alloy.
Mating of aluminium alloys is possible by a new technique called Friction Stir Welding. In this case, a nonconsumable tool which is rotated to produce frictional heat. This heat generated due to friction causes deformation
at the welding area, to form the joint, while the material is in the solid state in friction-stir welding, a non-consumable
rotating tool consisting of a pin and shoulder is plunged into the abutting edges of the plates to be joined and traversed
along the line of the joint. Heat is produced by rotating the tool and moves the material to produce the joint. The
heating is accomplished by the friction between the tool and the work pieces and it causes the plastic deformation of
the work pieces to form the weld. The combination of the tool rotation and translation produces a joint by mixing
the abutting edges of the work pieces, by means of the localized heat produced around the pin. The peak temperature
generated during FSW is below the melting temperature of the material to be welded. Some of the benefits are (i)
weld defects are lesser, (ii) good dimensional stability of the welded structure and possibility to weld linear and
contour welding.
TIG welding (Tungsten inert gas welding) uses an electrode which is not consumed and it also uses a separate
filler metal. The shielding gas used is an inert gas. The following power sources has to be utilized for GTAW welding,
(i) An Argon gas cylinder, (ii) welding torch with power supply and cable connections to supply power, (iii) tubes
for supplying the shielding gas and (iv)tubes provided with water inside for cooling of the torch. The torch has a
different shape, and it protects the tungsten electrode due to accidents. TIG welding is mostly used for welding 2
series and7 series aluminium alloys. The main problem in TIG welding is the gap between solids and liquids in the
weldment due to which heat affected zone gets liquation cracked. Carefully controlling the metallurgy of weld will
help to result in the improvement of weldability.
The destructive effect of metal by chemical reaction with its environment is involved in corrosion. In other
words, it is defined as gradual material destruction by chemical reaction with their surroundings. The main process
involved in rusting is the oxidation phenomena. In rusting process, the original metal gets converted to metal oxides.
Ceramics or polymers also suffer the problem of corrosion. The required properties of metals such as strength,
appearance and mechanical behavior gets varied or degraded due to corrosion.
2. EXPERIMENTAL SETUP
The material used in this case is a high strength 4mm thick plate AA7175-T6 alloy to make FSW and GTAW
butt welded joints. The composition of aluminium alloy 7175 is present in table.1. Power hacksaw cutting and
grinding machines were used to cut the material into the required size (160mm*75mm). The butt joints are to be
made in square shape as shown in fig.1, was prepared to do Friction stir welding. The two aluminium plates are
clamped together mechanically to make the joints. Single pass welding procedure was used to fabricate the joints.
Table.1. Chemical composition of aluminium alloy 7175
Zn Fe Cu Cr
Ti Si
Mn Mg
Material Al
Weight% 89.5 5.6 0.2 1.6 0.23 0.1 0.15 0.1 2.5
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Figure.1. work piece setup
In FSW, for desiring the quality of weld, the major parameters considered were welding speed, tool rotation
speed, and the axial force. In table.2, the parameters considered for the welding process are listed out. Depending on
tool rotating speed we use corresponding welding speed and axial force. The non-consumable tool, which is a
threaded cylindrical type made of high carbon high chromium steel was used to fabricate the joints. Tool profile is
shown in fig.2, if the pin length is slightly shorter than the weld depth.
Table.2. FSW Welding parameters
Tool Rotating speed(rpm) 800 1000 1200
70
Welding Speed (mm/min) 50 60
3.6 3.6
3.6
Plunge Depth(mm)
10 10
10
Axial Force(KN)

Figure.2. Tool profile for FSW
The same size plates used in GTAW welding process, Welding of the samples was carried out on Pulse
GTAW 300 V AC/DC. A thorough wire brushing process had been done to eliminate moisture, oxide layer and oil
from base metal. Process parameters and filler material selection are the two factors which decides the quality of
weld. The process parameters values are selected depend upon the material thickness. In GTAW Welding current,
Welding speed, Filler material diameter, types of gas and filler material are desiring the weld strength. Filler material
ER 4346 and shielding gas argon are suitable for AA7175-T6 material. Table.3, shows different GTAW parameters
used to fabricate various joints.
Filler material:
Table.3. GTAW Process parameters
Current Welding Speed Filler ROD DIA. Type
(Amps)
(mm/min)
(mm)
Of Gas
ER4346
80
120
2
Argon
ER4346
120
140
2
Argon
ER4346
160
160
2
Argon
FSW and GTAW welded specimens were cut in required size (20*20mm) for corrosion testing.
Electrochemical impedance spectroscopy (EIS) testing was used to find out the corrosion rate with the help of
polarization curves. The specimen’s surface was grinded with the help of abrasive paper through 80 grade to 2600
grade, further degreased by using deionized water and then finally dried in air. The electrochemical tests have been
conducted in 3.5%NaCl aqueous solution. The EIS experiment was done with the help of traditional compartment
arrangement, where the working electrode was AA7175-T6 welded plates at welded zone. In the experiment, a large
platinum sheet was made as the counter electrode and a saturated calomel electrode (SCE) with a lugging capillary
was made as a reference electrode. A frequency range of 80Hz to 80MHz was selected to sense corrosion resistance.
Between the working electrode and counter electrode, an alternating voltage was applied directly, where the voltage
ratio of 10mV was maintained. In Germy Echem analyst using tafel polarization plot to find out Icorr, Ecorr and
corrosion rate.
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3. RESULT AND DISCUSSION
Tafel polarization plot of the FSW, GTAW weld were compared with base metal values. On analyzing these
values, it was clear that the corrosion rate of base metal was 95.54mpy from Icorr and Ecorr value using tafel
polarization curve. In FSW different welded specimen in various process parameters , with 800 rpm rotating speed
and 50mm/min linear speed has a corrosion rate is 81.88mpy, 1000 rpm rotating speed and 60mm/min linear speed
has a corrosion rate is 148.2mpy and 1200 rpm rotating speed and 70mm/min linear speed has a corrosion rate is
177.8mpy. In GTAW the welded specimen having the corrosion rate is 193.8, 169.02, 155.9mpy with various process
parameters are welding current rate is 80, 120, 160 Amp with respectively welding speed are 120, 140,160 mm/min.

Figure.4. AA7175-T6 tafel polarization curve

Figure.5. FSW 800rpm welding speed tafel
polarization curve

Figure.6. FSW 1000rpm welding speed tafel
polarization curve

Figure.7. FSW 1200rpm welding speed tafel
polarization curve

Figure.8. GTAW 80Amps welding current tafel
polarization curve

Figure.9. GTAW 120 Amps welding current tafel
polarization curve

Figure.10. GTAW 160 Amps welding current tafel polarization curve
4. CONCLUSION
Based on the review of the results of welded AA7175-T6 aluminium specimens the following conclusions
have been drawn:
 From the three welded FS Welded joints corrosion resistance of welded specimen at 1200rpm is very high.
 GTAW Welded joints at 160amps show higher corrosive resistance than welded joints at 80 and 120amps.
With all the welded specimens, Friction Stir Welded and GTAW Welded joints, FS welded specimens at
1200rpm shows higher corrosion resistance.
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