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Abstract
In today’s scenario MIG welding is being carried out to make butt, corner, lap, T and fillet joints, as well as to weld
hollow objects, such as tanks and tubes or pipes, stock with different thickness, tapered sections and parts with 3Dimensional contours. In this work, the joints were obtained by MIG welding process, on Gas Metal Arc Welding
Transpuls Synergic Machine. Samples were prepared by taking different welding process parameters (voltage,
amperage, wire feed rate and arc length). Hardness Test, Impact Test, Tensile Test were conducted to demonstrate a
good performance of joint. SOLID WORKS modelling software was used to determine various stresses on work
piece. Experimental results and theoretical results were compared to verify the outcomes. This document reviews
some of the MIG welding work performed to date, presence of brief account of mechanical testing of welded joints.
GMAW has also been used in some cases. Components fabricated from aluminum compete with more traditionally
manufactured components on mechanical strength. The method has gained popularity, since it requires lower heat
input and can be used to weld thin workpieces, as well as nonferrous materials.
Keywords: GMAW (Gas Metal Arc Welding), MIG (Metal Inert Gas), Welding Transpose Synergic Machine.

INTRODUCTION

Gas Metal Arc Welding (GMAW) also
referred as MIG welding (Metal Inert Gas
welding) as well as MAG welding (Manual
Metal Arc Welding) is a 'flat' arc process
(constant) voltage, that works on the basic
principle of maintaining arc between the end
of the bare wire electrode and the work
piece, where the heat source is required to
melt the parent metal. The end of the
electrode wire is melted by the heat source
and the melt gets transferred to the molten
weld pool. The wire feed rate determines the
arc current that is required for the given

material and diameter of the specimen. A
shield gas through external supply prevents
the arc as well as the weld pool from
atmospheric contamination.
The key parts of the welding gun of any
typical GMAW are : (a) a control switch,
which initiates the electric power, shielding
gas flow and wire feed when pressed by the
operator resulting in an electric arc that
strikes the workpiece; (b) a contact tip,
which is generally copper made, is used to
transmit the electrical energy by directing it
to the weld area to the electrode; (c) a power
cable, that connects source of welding
power to the contact pipe; (d) a gas nozzle,
that
directs
the
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shielding gas in an evenly manner into the
welding zone; (e) a liner and an electrode
conduit, which helps to prevent buckling
and maintaining an uninterrupted wire feed
by protecting and guiding the wire; and; (f) a
gas hose, it supplies the gas to the nozzle
from the tanks of shielding gas.
The necessary equipment required is the
welding gun as shown in figure 1, a wire
feed unit, a welding power supply, a
welding electrode wire, and a shielding gas
supply
The parent material selected in this work is
Aluminium (Grade AA 6063) which has an
ultimate tensile strength of at least 190 MPa
(28,000 psi) and yield strength of at least
160 MPa (23,000 psi). In thicknesses of 3.15
millimetres (0.124 in) or less, it has
elongation of 8% or more; in thicker
sections, it has elongation of 10%.
Various reasons for selection of parent
metals are as follows: 1. No shielding gas or filler wire is required
for Aluminium alloys.
2. It is very flexible, being applied to
joining in one, two and three dimensions,
being applicable to butt, lap and spot weld
geometries.
3. Excellent
mechanical
properties,
competing strongly with welds made by
other processes.
4. Easy availability.
5. Aluminium alloys are used more to their
superior workability and low cost.
6. The material has enough strength to resist
axial pressure and torque.
7. The alloy composition of 6063 consists of
various elements like Silicon minimum
0.2%, maximum 0.6% by weight; Iron no
minimum, maximum 0.35%; Copper no

minimum, maximum 0.10%; Manganese no
minimum, maximum 0.10%; Magnesium
minimum
0.45%,
maximum
0.9%;
Chromium no minimum, maximum 0.10%;
Zinc no minimum, maximum 0.10%;
Titanium no minimum, maximum 0.10%;
Other elements no more than 0.05% each,
0.15% total; Remainder Aluminium.
Y. Zha et al. [1] concluded that aluminium
stiffened plates are considered for all the
geometries. 10% decrement in the buckling
strength due to the presence of longitudinal
and transverse HAZ and 16.5% reduction in
buckling strength due to the presence of
residual stresses.
P. Rigo et al. [2] studied that stiffened
aluminium plate panels were considered to
calculate the ultimate compressive strength
to validate a non linear finite element model.
RujiraDeekhunthod [3] No significant
difference in tensile and yield strength could
be seen between welded samples from the
different ingots.MIG welding had an effect
on the HAZ-microstructure and the
mechanical properties.
The HAZ range was distributed to 20 mm
from the fusion line with 5 mm plate
thickness.
W Xu [4] An extensive mechanical testing
programmed has been carried out on
aluminium-silicon dialuminium-magnesium
welds in 6005A-T6 extruded components,
employing a range of strain rates. The
analyses of the test results have concluded
that aluminium-silicon weld metal in the
extruded plates was poorer than the weld
metal made using aluminium-magnesium
filler metal in terms of strength, ductility and
fracture resistance.
Harmeet Singh [5] The experimental
results obtained on FSW and MIG welded
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joints of AA6066 found were: Fine and
equiaxed grains were formed, precipitates of
fine strength with uniform distributions in
the weld region were responsible for tensile
properties of FSW joints to be superior than
that of MIG joints.
Tomasz Kik [6] The observation drawn on
the ground of numerical analysis performed
for aluminium alloys in case of welding butt
joints was that the distribution of post weld
stresses and manner of element deformation
gets affected by degree of stiffening an
element during welding and post weld
cooling. One more inference that was drawn
was that distribution of stresses in a weld
joints in aluminium alloy sheets case, cause
deformations and not significant differences
in stress value.
METHODOLOGY
In this experiment of MIG, the welding
process is suggested to be performed using
GMAW Trans Pulse Synergic machine. For
facilitating welding process and to measure
welding parameter was prepared the process
objective or target values to be optimized
are
defined for the welding process. On the
basis various research papers, different
problem faced during welding of two
aluminum sheets are determined and
aluminum AA6063 is selected as parent
metal to be welded.
SPECIMENS MADE THROUGH MIG
WELDING
Electrode thickness is especially critical
with aluminum and there is an extremely
narrowrange to consider. Thinner wire is
more difficult to feed, while thicker wire

requires greater current to melt. The
electrodes forwelding aluminum should be
.035 of an inch in diameter (less than 1 mm).
One of the best choices is 4043 aluminum.
A harder alloy like 6063 aluminum is easier
to feed, but will require more current.
MACRO EXAMINATION TESTING
According to this it was found that the complete
fusion of weld to base metal without any
inclusion, porosity, discontinuity and cracks.
The depth of penetration is found to be 0.18
mm.(refer Fig 10)

ANALYSIS
ANALYSIS OF MIG WELDED JOINT
Analysis of MiG welded joint in solid works
software with the using of the Fine element
mehod. Simulations of the welding process
for butt and tee joints using finite element
analyses are presented. The base metal is
aluminum alloy 6063-T6 and the filler
material is alloy ER 4047. The simulations
are performed with the commercial software
Solid works.
ANALYSIS OF BUTT JOINT
The butt joint simulation models the joining
of two identical plates with rectangular
platform and uniform thickness. The
dimensions of one of the two plates of the
butt joint model dimension is, l=150, b=25,
t= 6 . Since the two plates to be joined are
identical, only one plate is modeled in the
finite element analysis. Welded joint
analysis is referred to as a step-by-step
computation in solid works.

32

ELK ASIA PACIFIC JOURNAL OF MECHANICAL ENGINEERING AND RESEARCH- SPECIAL ISSUE
ISSN 2349-9368(Online);EAPJMER/ISSN.2454-2962/2016;
National Conference on Futuristics in Mechanical Engineering
Madan Mohan Malaviya University of Technology

THEORITICAL ANALYSIS RESULT
Solid Work software is used to produce 3D
model of our butt and fillet joint. Analysis is
done by applying certain number of loads
i.e. 2280, 4800,8080 N on our butt and fillet
joints.
CONCLUSIONS
1. A three-dimensional, finite element
analysis was conducted to simulate the
welding induces stresses, with the help of
experiments and theoretical analysis using
CATIA V5 and SOLID WORKS on weld
joints of aluminium stiffened plates.
2. The welding of the butt joints using
metal inert gas welding as well as welding
of the fillet joint were simulated.
3. Aluminiumstiffened plates with various
temperature change in weld bed were
considered in this study.
4. The ultimate purpose of the project has
been achieved with developing techniques
of the finite element analysis of fillet
welded
joints.
The
experimental
investigation validates the performance of
the FEA Analysis results were found 1.2%
error on tensile test. The experiment
tenilestresss on butt joint with load 2280N
was found 15.03MPa and simulation tensile
stress at the same locations appears 17MPa.
5. The experimental tensile stress on butt
joint with load 4880N was found 31.95MPa
and simulation tensile stress at the same
location appears 34.72 MPa. The
experimental tensile stress on butt joint
with load 8080N was found 53.95MPa and

simulation tensile stress at the same
location appears 50.74MPa.
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Fig. 3:: Butt Wedded Joint Aluminum Plate.
Figure 1: Shows Welding gun and wire feed
unit GMAW torch nozzle cutaway image
representing (1) Torch handle, (2) Molded
phenolic dielectric (shown inn white) and
threaded metal nut insert (yellow), (3)
Shielding gas diffuser, (4) Contact tip, (5)
Nozzle output face.

PARAMETER FOR BUTT JOINT
ID

Voltage

Current

Thickness

Arc length
correction

Wire
feed
rate

1

21.5 V

145 A

6

-2.1

6

2

23.0 V

154 A

6

-2.1

6.5

5

23.6 V

193 A

6

-2.1

8

FIILLET JOINT THROUGH MIG

Fig. 2: Experimental Set-up
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Fig. 4: FillateWeded Joint Aluminum Plate
Table 2: Parameter for Fillet Joint
ID

Voltage

Current

Thickness

Ar
Arc
correction
length

Wire
feed
rate

3

21.5 V

145 A

6

-2.1
2.1

6

4

23.0 V

154 A

6

-2.1
2.1

6.5

Fig 8: Fracture Testing Machine

SAMPLES FOR HARDNESS TEST

Fig 9: Sample (id 3) after fracture test

MACRO EXAMINATION TESTING
Fig. 5:: Sample (Id1,2,5) Hardness Test

According to this it was found that the complete
fusion of weld to base metal without any
inclusion, porosity, discontinuity and cracks.
The depth of penetration is found to be 0.18
mm.(refer Fig 10)

Fig 6: Sample (id 1,2,5) AfterTensil Test
SAMPLES AFTER IMPACT TEST

Fig 10: micro examination testing
ANALYSIS
ANALYSIS OF MIG WELDED JOINT

FRACTURE TEST

Analysis of MiG welded joint in solid works
software with the using of the Fine element
mehod. Simulations of the welding process
for butt and tee joints using finite element
analyses are presented. The base metal is
aluminum alloy 6063-T6
T6 and the filler
material is alloy ER 4047. The simulations

35

ELK ASIA PACIFIC JOURNAL OF MECH
MECHANICAL ENGINEERING AND RESEARCH- SPECIAL ISSUE
ISSN 2349--9368(Online);EAPJMER/ISSN.2454-2962/2016;
National Conference on Futuristics in Mechanical Engineering
Madan Mohan Malaviya University of Technology

are performed with the commercial software
Solid works.
Analysis of butt joint at max. load 2280 N
Analysis type – Static
Dimension, length=150mm,
breadth=25mm, thickness= 6mm

Analysis of butt joint at max. load 8080 N
Analysis type – Static
Dimension, length=150mm, breadth=25mm,
thickness= 6mm
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Analysis of butt joint at max. load 4880 N
Analysis type – Static
Dimension, length=150mm,
breadth=25mm, thickness= 6mm
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Table 3:: Hardness test result of aluminum
welded joint
ID
1
2
5

Description of
Test
Brinell
Hardness Test
Brinell
Hardness Test
Brinell
Hardness Test

Load

Observation

100 Kgf

66

100 Kgf

62

100 Kgf

64

ID

Description of
Test

Charpy/Izod

Observation

1

Impact Test

Charpy

2J

2

Impact Test

Charpy

2J

5

Impact Test

Charpy

2J

ANALYSIS OF BUTT JOINT AT MAX.
LOAD 2280 N

Table 4:: Tensile Test Result aluminum
welded joint
I
D

Max
Load(Newton
)

Dimension
s (mm)

UTS

Locatio
n of
Fractur
e

1

4800

25.04 x 6

31.9
5

Weld
Metal

2

2280

25.62 x
5.92

15.0
3

Weld
Metal

5

8080

24.94 x
6.02

53.8
2

Weld
Metal

FRACTURE TEST RESULT
Table 5: Fracture Test Result
ID

Sample
ID

FT1

3

Observation/ Result

Complete Fusion of weld to
base metal without any
inclusion, porosity.

Fracture Load – 19.720 KN

IMPACT TEST RESULT
Table 6:: Impact Test Result Aluminum
Welded Joint

ANALYSIS OF BUTT JOINT AT MAX.
LOAD 4800 N
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ANALYSIS OF BUTT JOINT AT MAX. LOAD 8080 N
Model Reference

Properties

Components

Name:
Model type:
Default failure
criterion:
Yield strength:
Tensile strength:
Elastic modulus:
Poisson's ratio:
Mass density:
Shear modulus:
Thermal expansion
coefficient:

6063-T6
Linear Elastic
Isotropic
Max von Mises
Stress
51183.1 psi
54809.1 psi
1.00076e+007 psi
0.33
0.0975437 lb/in^3
3.74197e+006 psi
1.3e-005
/Fahrenheit

SolidBody 1(BossExtrude1) (butt joint),
SolidBody 2(BossExtrude2) (butt joint)

Curve Data: N/A

Fixture name

Fixture Image

Fixture Details

Entities:
Type:

Fixed-1

Resultant Forces
Components
Reaction force(lbf)
Reaction
Moment(lbf.in)

Load name

1 edge(s), 2 face(s)
Fixed Geometry

X
0.0269417

Y
3632.93

Z
0.00540274

Resultant
3632.93

0

0

0

0

Load Image

Load Details
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Load name

Force-1

Load Image

Load Details
Entities:

2 face(s)

Type:

Apply normal force

Value:

8080 N

41

