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ABSTRACT: Aluminium Alloy is containing high strength,
light weight and good Corrosion resistance. Then Gas
tungsten arc welding (GTAW) is an important joining
method for high strength aluminium alloys using
applications in transport applications like that marine,
aerospace, bicycle components, marine Engine components,
External throw away tanks for military aircrafts and other
industries. Gas tungsten arc welding have been used to
investigate the Weldability of high strength aluminium
alloys. Some important GTAW process parameters and their
effects on weld quality are discussed. Mechanical properties
of welds such as tensile strength and hardness properties are
discussed. The aim of the report isto investigation in GTAW
of high strength aluminium alloy 7075 and to provide a basis
for follow-on research.

Keywords. GTAW System, AA7075 plate, Rockwell
hardnesstest, tensile test.

1. INTRODUCTION

The 7075alloy contain zinc in amounts between 4 &rib

Aluminium alloys can be joined by most fusion antidsstate
welding processes as well as by brazing and solgebut
inert gas tungsten arc welding (GTAW or TIG) andrirgas
metal arc welding (GMAW or MIG) are the two most
commonly used welding processes. The welding of aAs
matter of fact, many difficulties are associatedhis kind of
joining process, mainly related to the presenca ténacious
oxide layer, high thermal conductivity, and higrefficient of
thermal expansion, solidification shrinkage, impmop
microstructure due to filler material, and abové laigh
solubility of Hydrogen and other gases, in a moktate. A
literature review has been done to study impor@mAW
processing parameters and their effects on welditqgu&as
tungsten arc welding (GTAW), also known as tungstesnt
gas (TIG) welding, is an arc welding process tregsua non-
consumable tungsten electrode to produce the Wélel.weld
area is protected from atmospheric contaminatiomiynert
shielding gas (argon or helium), and a filler mésahormally
used, though some welds, known as autogenouslysydtul

and magnesium in amounts between 1 and 3 %. Both h@ot require it.

high solid solubility in aluminum. The addition ofagnesium
produces a marked increase
characteristics. Copper additions between 1 andi8c¥gase
the strength by solid solution hardening, and fthenbasis of
high strength aircraft alloys. The addition of amiom,

typically up to 0.3 %, improves stress corrosioacking

resistance. The 7075 alloy is used predominantBeirospace
applications, 7075 being the principal high stréngtrcraft

alloy [1].

in precipitation hangdeni
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Fig.1. Schematic Diagram of GTAW System

1.1 Conventional fusion welding methods for Aluminum
alloys

There are many different types of conventional wwejd
These include oxyacetylene welding, shielded metad
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welding, gas-tungsten arc welding, plasma arc weldgas- experimentation following are the different weldraaeter
metal arc welding, flux-core arc welding, submergaat that mainly determines quality of the weld.

welding, electroslag welding, electron beam weldiagd a. Current. b. Welding gun speed c .Gas flow rate.
resistance spot welding. Of these techniques the&t papular

are oxyacetylene welding (OAW), gas-tungsten artding 1.2.1 Current

(GTAW), and gas-metal arc welding (GMAW). GTAW is &urrent has direct influence on weld bead shapddimg
process that melts and joins metals by heating thétim an speed and quality of the weld. Most GTAW welds eypl
arc established between a non-consumable tungktemmogle direct current on electrode negative (DCEN) (strafmplarity)
and the metals. These welding processes use iasesguch because it produces higher weld penetration depdhhagher
as argon and helium to provide shielding of the ad the travel speed than on electrode positive (DCEP) efimy
molten weld pool. This is why GTAW and GMAW are als polarity).Besides, reverse polarity produces rdamdting and

called tungsten-inert gas (TIG) and metal-inert ¢sBG)
welding processes, respectively. The conventionelding
techniques are usually desirable due to their $aoityl low
cost, portability and are generally used in maiatee, repair
and field construction sites [2].

1.2 GTAW Process parametersand its effects

The gas tungsten arc welding (GTAW) process orlinsas
created in the 1940s to weld magnesium and alumiallogs
for aircraft applications. It was developed becaasgelding
method was needed that performed better on theserieda
than did shielded metal arc welding (SMAW). Todaany
precision parts are gas tungsten arc welded,
batteries, metal bellows, pacemakers, medical coes,
and surgical tools [3].

degradation of the electrode tip, because anod®ig heated
than cathode in gas tungsten electric arc [5]. Revpolarity
may be of interest in welding aluminum alloys bessaof the
cathodic cleaning action of negative pole in therkagiece,

that is the removal of the refractory aluminum exigyer.

However alternating current is better adapted tédiwg of

aluminum and magnesium alloys, because it allovisnicang

electrode heating and work-piece cleaning effects.

When using alternating current sine waves for wejdithe

terms electrode positive and electrode negativechvhiere
applied to the work piece and electrode lose tigmificance.

imgud There is no control over the half cycles and youeh# use
what the power source provides. The current is now

alternating or changing its direction of flow gpredetermined

Originally, helium was used as the shielding gas the set frequency and with no control over time or peledent
process became known as arc welding. Argon gas saomplitude. During a complete cycle of alternatingrent,

became the most widely used shield gas becauds lufwer
cost and smoother arc. In the GTAW process, arrialaktarc
is established between a tungsten electrode anpattido be
welded. To start the arc, a high voltage is useldréak down
the insulating gas between the electrode and the @arrent
is then transferred through the electrode to craatelectrode
arc. The metal to be welded is melted by the irgemsat of
the arc and fuses together either with or withoufillar
material. The arc zone is filled with an inert gagrotect the
tungsten electrode and molten material from oxataind to
provide a conducting path for the arc current. Bhgases
used are argon, helium, mixtures, of argon anduhelior
small percentages of hydrogen mixed with argon. Stield
gas usually is chosen according to the materidletavelded
[4].

Some welding equipment suppliers offer a seriespd
calculated weld programs for a variety of part ditens,
materials, and thicknesses. Welders should alwajsw an
equipment supplier's suggested procedures firsausec the
suppliers usually have performed a significant amboof
qualifying and troubleshooting work [3]. As per theevious

there is theoretically one half cycle of electradmgative and
one half cycle of electrode positive. Thereforeimy a cycle
there is a time when the work is positive and tleeteode is
negative. And there's a time when the work is negaand
the electrode is positive [5].

1.2.2 Welding gun speed

The effect of increasing the welding speed for Hzme
current and voltage is to reduce the heat inpue Welding
speed does not influence the electromagnetic fanckethe arc
pressure because they are dependent on the curtentveld
speed increase produces a decrease in the welsl sgoson
area, and consequently penetration depthand weld width
(W) also decrease, but the D/W ratio has a weak digmee
on travel speed. These results suggest that tkel tspeed
does not influence the mechanisms involved in teé&lvwool
formation, it only influences the volume of melteshterial.

Normal welding speeds are from 100 to 500 mm/min

depending on current, material type and plate ttésk [5].

In TIG welding of aluminum alloy AA7075, the deptf
penetration of weld bead decreases with increasbeirel
height of V butt joint. Maximum Tensile strength280 Mpa
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was observed at weld speed of 0.6 cm/sec and eestsiingth
is higher with lower weld speed. This indicatest theawver
range of weld speed is suitable for achieving maximensile
strength. Bevel angle of the weld joint has profbeffect on

the tensile strength of weldmeBevel angles between 300 to

450 are suitable for maximum strength. The heagcsétl
zone, strength increased with decreasing heat naper{6].

1.2.3 Gasflow rate
Argan is the most used GTAW shilding gas. Argonsed in

welding of carbon and stainless steels and lovkttass
aluminium alloys components. Gas flow rate influetize
welding speed and improves process tolerance.

Heat input rate=60VI/v J/mm

V=arc voltage in volts

I=welding current in ampere,

v =speed of welding in mm/min.

2. LITERATURE SURVEY
Rong-Hua Yeh et al [7] (2003) have investigated the
temperature distribution of aluminium plates weldad gas
tungsten arc. The heat of fusion, the size andiloigion of
heat source, the travel speed, the heat condudtiothe
welding direction and the surface heat loss dumvedding
were considered. A numerical scheme was develapedive
the three dimensional problem. With the help of
mathematical model, the effect of welding paranseserch as
heat input of the weld, preheating of the work pieand
moving velocity of heat source on weld penetration
moderately thick plates were discusserickstad and

Josefson[8] (1998) have modeled a set of butt welds, in

stainless steel pipes, with a varying number ofdwgdsses,

ranging from 4 to 36. They have conducted a pandmet

investigation considering the effects of pipe sigape
thickness and number of weld passes), net lineggneatio of
inner radius to thickness, weld yield stress angrirpass
temperature. The resulting axial and hoop stressése weld
centre line and HAZ are plotted in groups to inticthe
effects of each of the investigated parameterdhenwo types
of stress. Based on this, they have proposed reeomhations
on how to use residual stresses in assessing thethgrof
surface flaws at circumferential butt welds in maal piping
systems.

D.S.Nageshaet.al [9] explained an integrated method with
new approach using experimental design matrix
experimental designs technique on the experimed&é
available from conventional experimentation, apgilan of

neural network for predicting the weld bead geoietr,

descriptors and use of genetic algorithm for opation of
process parameter¥..Cho.et.al.[10] studied the effects of

various process conditions on weld quality for ahwum
using resistance spot welding, mathematical modetse
established, based on which the influences of tleéding
parameters were studied.

3.MATERIAL & METHODOLOGY
Aluminium alloy AA-7075 (Composition shown in Tablg
plates of the dimension 75*50* mm were taken foiGTI
welding technique. These plates are cleaned frotm gtease
and other foreign materials by using cleansing tmjedirt
remover’'s another re-agents. Edge preparation risedaout
where double V edge is prepared for an angle &f Bfie
Aluminium plates are placed on welding table whéne
welding process is carried out.
Table 1 Chemical Composition of AA7075 & filler material

Alloy Al S Fe Cu Mn Mg Cr zn Ti
7075 Rem - - 1.2 - 2.1 0.18 5.1 -
min

7075 Rem 0. | 05 2.0 0.30 2.9 0.28] 6.1 0,
max 4 2
ER40 Rem 6. | 0.8 0.30 | 0.05 0.05 0.10 0,
43 0 2

In this process, all the various welding parameseich as the
welding speed, flow rate, inert gas used and thabau of
passes is kept constant for all the trails and weding
current is used as varying parameter to study ffexteof
welding current on the structural and mechanicapprties of
Jeldments. The inert gas used in this investigatsof9.9%
pure argon keeping the flow rate constanke filler metal
selected for the process is er4043which is thedstahfiller
rod to be used for AA-7075 alloy (According to AWS
Standards). In this study, TIG welding techniques \wdopted
with three different welding currents for the Alumaim plates
i.e., 50A, 70A and 90A respectively and these wetlgents
were further subjected to the following mechaniests and
metallographic analysis. Vickers's micro hardnesst twas
conducted by applying load of 100kg. The hardness i
measured at an interval of 10mm from the weldedezamd 4
readings were taken on either side of the weldetzdhe
tests were conducted according to Indian standafds -
2002 AA-7075 plates were subjected to tensile test fuiliy
ASTM E-08 standards.

4. EXPERIMENTAL DETAILS
For the research purpose on GTAW welding we hawse
%he aluminum alloy material which is wrought andahe
fkatable alloy. We fabricate 20 pieces into a disien of
150x50x6mm by hydraulic cutting machine. We fakieca0
pieces into a dimension of 75x50x6mm by hydraulitting
machine .Then we have made all the work pieces iflate
plate standard form with angle of 3Then we had took two
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pieces and set it with maintaining a 1.5mm root gag then
we had started penetration process with desiredetacted

current, voltage, gas flow rate readings and dohe t

experiment. In the present study, in order to iifgnt
the process parameters with the maximum stressbdigson
in the GTAW for aluminum alloy 7075. Factors affagtthe
GTAW welding and their levels are given in tablerd the
experimental layout using L9 orthogonal array areery in

table 3.

Table 2 Level of GTAW welding process variable.

variables unit Level-1 | Level-2 | Level-3
Current Amp 50 70 90
(A)
Speed (N) Rpm 2:28 1:23 1:.05
Gasflow Lit/min 10 12 15
rate (C)

Table 3 Experimental layout using L9 orthogonal array

Gas

SNO | CURRENT(Amp) Speed flow
(N) rate

©

1 50 2:28 10
2 50 2:80 12

3 50 1:52 15
4 70 1:23 12
5 70 1:26 15
6 70 1:26 10
7 90 1:05 15
8 90 1:08 10
9 90 1:05 12

5.RESULT AND DISCUSSION
In this research work the effect of input paranseter the

Tensile test and hardness test were determined.

5.1 TENSILE TESTING
Tensile testing, also known as tension testing, ais

fundamental materials science test in which a samgl
subjected to a controlled tension until failureeTsults from
the test are commonly used to select a material afor
application, for quality control, and to predictvh@ material
will react under other types of forces. Propertiat are
directly measured via a tensile test are ultimaesite
strength, maximum elongation and reduction in afgam
these measurements the following properties can bk
determined: Young's modulus, Poisson's ratio, ysttdngth,
and strain hardening characteristics. Uni axiasitertesting is
the most commonly used for obtaining the mechanical
characteristics of isotropic materials. For anispic
materials, such as composite materials and textbéesxial
tensile testing is required.

Tabled:Tensiletest on AA7075

sample no Yield Ultimate Breaking
L oad load(K N) load(K N)
(KN)

1 100 163 141

2 105 167 145

3 102 172 140

4 106 162 142

5 105 160 148

6 101 170 150

7 105 171 149

8 104 170 148

9 103 172 146
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Table 5 Hardness test (Rockwell)

Fig 2 Effect of Tensile test on sample piece

Tensile Test of the
Sample Pieces
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Sample | Major | Scale | Welding | Welding | Pallet
no load Zone | Affected | Zone
(Kgf) Zone

1 100 D 84 70 68
2 100 D 85 57 63
3 100 D 79 52 57
4 100 D 78 27 98
5 100 D 79 30 96
6 100 D 83 38 91
7 100 D 88 48 96
8 100 D 73 31 95
9 100 D 75 39 97

5.2 HARDNESS TEST

Hardness is the property of a material that enaltlés
resist plastic deformation, usually by penetratidowever,
the term hardness may also refer to resistancendibg,

scratching, abrasion or cutting

521 ROCKWELL HARDNESS

The Rockwell scale is a hardness scale based on

indentation hardness of a material. The Rockwedit te

determines the hardness by measuring the depth of

penetration of an indenter under a large load coetpto
the penetration made by a preload. There are differ
scales, denoted by a single letter, that use diftdloads or
indenters. The result is a dimensionless numbegedhas
HRA, where A is the scale letter.

6. CONCLUSION

In this study mechanical properties evaluated of 7085
alloy on Tungsten Inert Gas (TIG) welding were
investigated to reveal the weld strength, hardonésgelded
joints by using weld current as varying parameter.
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