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Characterization Of Butt-Welded Aluminum Alloy
with Magnesium Alloy by Tig Welding

Monil Kachhadiya

Abstract— The arc is produced between a pointed tungsten electrode and the workpiece in an inert environment of argon or helium during
the TIG welding process. Multiple variety alloying approach is used to combine dissimilar metal alloys. Based on an investigation of the
characteristics of the Aluminium alloy and Magnesium alloy, a Zinc-based filler wire is used in TIG welding of the Magnesium (AZ31B) -
Aluminium (6061) joint to decrease the formation of intermetallics, which is the weakest part of the joint. By changing welding parameters
such as Welding Current and Welding Speed while maintaining one of them constant at a time. Various tests, including as the Tensile
Strength Test, Face Bend Test, Root Bend Test, Micro Examination, Macro Examination, and Vickers Hardness Test, were used to
determine the best welding parameters. The impact of changing welding parameters on ultimate tensile strength, ultimate bending load,
macrostructure, microstructure, and hardness is investigated. The formation of brittle intermetallic compound of Aluminium and Magnesium
is reduced and a good quality weld is obtained with the aid of zinc filler wire.

Keywords— TIG Welding; Aluminium Alloy (6061); Magnesium Alloy (AZ31B); Ultimate Tensile Strength; Ultimate Bending Load; Welding
Current; Welding Speed; Intermetallic; Vickers Hardness; Macro Examination; Micro Examination.

1 INTRODUCTION

Use of energy-saving and environmental-protective potential,
lightweight materials have piqued the curiosity of scientists in
the automotive and aviation production sectors. Aluminium
and Magnesium are common lightweight metals used in these
applications, and welding these different elements together is
advantageous. The use of Magnesium alloys in combination
with Aluminium alloys increases flexibility of design along
with decreasing weight of structural components. Joining
Magnesium alloy with Aluminium alloy is challenging using
today's joining techniques. Because the area where intermetal-
lics are generated is the weakest part of the joint, Aluminium-
Magnesium intermetallics is most important and sensitive
criteria for joining Aluminium alloy and Magnesium alloy. In
other welding techniques utilized in the Aluminium and
Magnesium joining process to regulate the thickness of inter-
metallics include magnetic pulse welding, friction stir welding
and diffusion bonding. In the Aluminium and Magnesium
welding process, the formation of Aluminium-Magnesium
intermetallics is nearly inevitable. Formation of intermetallics
can be controlled by varying welding parameters in TIG weld-
ing process and can be reduced significantly by welding at
optimum parameters. In an Aluminium alloy, some amount of
zinc is already present. Magnesium interacts with Zinc quicker
than Magnesium interacts with Aluminium to create Magne-
sium- Zinc intermetallics. As a result, the Zinc filler wire is
viable for joining Magnesium and Aluminium together. Mul-
tiple variety alloying approach is used in this work to combine
dissimilar metal alloys.

2 EXPERIMENTAL SETUP

Selection of appropriate Aluminium alloy and Magnesium
alloy which is best suitable for TIG welding. Al 6061 and Mg
AZ31B are selected and are cut in dimension of 75mm x 45mm
x 2mm. Chemical composition and mechanical properties of

Al 6061 and Mg AZ31B are shown in table 2.1 and table 2.2.
Plates are cleaned as shown in figure 2.1 since there is deposi-
tion of oxide layer on its surface which is not suitable for
welding and V Groove is made to make a butt joint by TIG
welding process.

Table 2.1: -Chemical Composition and Mechanical Properties
of Al Alloy (6061 T6)

Weight% | Mn | Si | Cr | Cu | Fe | Zn | Mg | Ti Other Al
Each/Total
Aluminium | 0.15 | 0.4- | 0.15- | 0.15- | 0.7 | 0.25 | 0.8- | 0.15 | 0.005/0.15 | Balance
6061 T6 08 | 035 04 1.2
Mechanical Properties Value
Tensile Strength 310 MPa
Yield Strength 276 MPa
Shear Strength 207 MPa
Vickers Hardness 105 HV/10
Density 2.7 glen’
Elongation 12-17%

Table 2.2: -Chemical Composition and Mechanical Properties
of Mg Alloy (AZ31B)

Weight% | Al | Zn | Mn | Si | Cu | Ca | Fe | Ni |Others| Mg
Magnesium | 2.5- | 0.7- | 0.2 | 0.05 | 0.05 | 0.04 | 0.005 [ 0.005| 030 |Balance
AZ3IB | 35 | 13 | min | max | max | max | max | max | max

total
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Mechanical Properties Value
Tensile Strength 260 Mpa
Yield Strength 200 MPa
Shear Strength 130MPa
Vickers Hardness 83 HV/10
Density 177 glem’

Elongation 15%

i
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Figure 2.1: - A1 6061 and Mg AZ31B

Selection of appropriate zinc-based filler wire for butt welding
of Al 6061/Mg AZ31B by TIG welding process. Zinc based
filler wire AL822 (Zn78Al22) i.e.,, wire composition having
78% zinc and 22% aluminium of 3 mm diameter is selected.
TIG welding is done using “AC/DC Rajlaxmi TIG 300 Inverter
Welding Machine” and its specifications are shown in table
2.3. TIG Welding Machine and TIG Welding Setup are shown
in the figure 2.2. Aragon is use as inert gas to prevent oxida-
tion during welding with 15 L/min flow rate.
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SHIELDING GAS
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Figure 2.2: - TIG Welding Machine and TIG Welding Setup

Table 2.3: -Tig Welding Machine Specifications

Welding Type TIG Welding
Output Current Range 5-300A
No-Load Voltage Mw
Frequency 50/60 Hz
Input Voltage 3 Ph AC 380V +/-15%
Efficiency 85%
Rated Input Current MMA 12.1A, TIG 12.6A
Duty Cyele 60%
No Load Loss 60 W
Power Factor 0.93

TIG welding is done with Zn based filler wire by varying the
welding parameter like welding current and welding speed
keeping one of the welding parameter constant at a time. Var-
ious butt-welded Mg/ Al alloy samples of dimensions 90mm x
75mm x 2mm are obtained by varying welding parameters.
Tensile Strength Testing Machine, Digital Vernier Caliper,
Bend Testing Machine and Compound Microscope are re-
quired for various testing purpose. These welded samples are
now tested by visual testing method like bead width, depth of
penetration and microstructure. Then these welded samples
are cut into strips of dimensions 90mm x 25mm x 2mm and
are tested in lab by destructive testing method like hardness
test, root bend test, face bend test and tensile strength test.

3 RESULTS AND DISCUSSION

3.1 Varying Parameter: Welding Current

Various butt-welded samples of Al-Mg are made by varying
welding current (AC) keeping welding speed and voltage con-
stant as shown in figure 3.1. Visual observations were taken
and destructive tests were conducted.

Figure 3.1: - Sample 1-5 In Increasing Order of Welding Cur-
rent Keeping Welding Speed and Voltage Constant
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Table 3.1: -Butt Welded Samples of Mg-Al by Varying Weld-
ing Current Keeping Welding Speed and Voltage Constant

Sample Welding Current | Welding Speed | Welding Voltage | Heat Input
(A) (mm/min) (v) (J/mm})
1 110 440 15 225
2 120 440 15 24545
3 130 440 15 2659
4 140 440 15 286.36
5 150 440 15 306.81

Welding current is influencing parameter in joining process
which affects depth of fusion and depth of penetration with
respect to base metal. Amount of heat developed during weld-
ing depends upon the current used for given size filler wire. It
is therefore essential that a correct current is used to produce
good quality of weld and reduce the distortion problems on
the job. The value of welding current used in TIG welding has
the greatest effect on the deposition rate, the weld bead size,
shape and penetration. Keeping all the other welding parame-
ters constant, increasing the welding current will increase the
depth of weld penetration and the size of the weld bead. Bead
size increases from sample 1-5 (1<2<3<4<5).

With increase in welding current the heat input increases,
hence results in better weld penetration but too much high
current can also cause convex bead shape, resulting in rough
bead, slag inclusions and burn through of the weld plate.
While on decreasing weld current heat input decreases which
results in improper or less weld penetration which may result
in various welding defects. Depth of penetration increases
from sample 1-5 (1<2<3<4<5).

Table 3.2: -Tensile Test: Test Method: IS 3600-1997

Sample | Width | Thickness | C/S Area | Ultimate Load | Ult. Tensile Strength
(mm) | (mm) | (mmd) (kN) (N/mm?)
1 25 2 50 4.8 96
2 25 2 50 5.7 114
3 25 2 50 6.15 123
4 25 2 50 5.6 112
5 25 2 50 49 98

Graph of Welding Current (A) VS Ultimate Tensile Stength (N/mm2)

Ultimate Tensile Stength (N/mm?)

110 15 120 125 130 135 140 145
Welding Current (A}

Figure 3.2: -Effect of Welding Current on Ultimate Tensile
Strength

Tensile strength test in which tensile (pulling) force is applied
to specimen and measures the specimen’s response to the
stress. It was conducted at room temperature with elongation
speed of 2 mm/min of all five samples which are welded by
changing welding current keeping welding speed constant.
According, data from table 3.2 and figure 3.2, It is observed
that on increasing value of welding current from 110A to
130A, value of ultimate tensile strength increases till a point
where ultimate tensile strength is maximum i.e., 123 N/mm?
at 130A welding current.

Then on further increasing the value of welding current above
130A value of ultimate tensile strength decreases.

Table 3.3: -Root Bend Test: Test Method: IS 3600-1997

Sample | Width | Thickness | C/S Area | Ultimate Bending Load | Bend Angle
(mm) (mm) (mm?) (kN) (Degree)
1 25 2 50 3.9 20
2 25 2 50 4.1 31
3 25 2 50 5.2 43
4 25 2 50 4.6 33
5 25 2 50 3.7 24
Graph of Welding Current (A) VS Ultimate Bending Load (kN) ROOT
g
]
o 46
]
38
ST 18 5 5 "
Welding Current (A} ROOT BEND

Figure 3.3: -Effect of Welding Current on Ultimate Bending
Load for Root Bend Test

Root bend test in which weld root is in tension and weld face
is in compression. It was conducted by slowly increasing
bending load till weld specimen cracks or breaks. Different
bend angles and ultimate bending load were observed for all
five samples which were welded by varying welding current
keeping welding speed constant.

According, data from table 3.3 and figure 3.3, It is observed
that on increasing value of welding current from 110A to 130A
value of ultimate bending load increases and angle at which
specimen cracks or breaks also increases till a point where it
becomes maximum i.e., 5.2 kN and 43 degrees at 130A weld-
ing current.

Then on further increasing value of welding current above
130A value of ultimate bending load and angle at which spec-
imen cracks decreases.
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Table 3.4: -Face Bend Test: Test Method: IS 3600-1997

Sample | Width | Thickness | C/S Area | Ultimate Bending Load | Bend Angle
(mm) (mm) (mm?) (kN) (Degree)
1 25 2 50 4.3 15
2 25 2 50 4.5 25
3 25 2 50 5.8 37
4 25 2 50 4.7 26
5 25 2 50 4.1 16
Graph of Welding Current (A) VS Ultimate Bending Load (kN) FACE
Welding Current (A) FACE BEND

Figure 3.4: -Effect of Welding Current on Ultimate Bending
Load For Face Bend Test

Face bend test in which weld face is in tension and weld root
is in compression. It was conducted by slowly increasing
bending load till weld specimen cracks or breaks. Different
bend angles and ultimate bending load were observed for all
five samples which were welded by varying welding current
keeping welding speed constant.

According, data from table 3.4 and figure 3.4, It is observed
that on increasing value of welding current from 110A to 130A
value of ultimate bending load increases and angle at which
specimen cracks or breaks also increases till a point where it
becomes maximum i.e., 5.8 kN and 37 degrees at 130A weld-
ing current.

Then on further increasing value of welding current above
130A value of ultimate bending load and angle at which spec-
imen cracks decreases.

Table 3.5: -Macro Examination: Test Method: IS 3600-1997

Macro Examination was done of all five samples welded by
varying welding current. In this examination all samples were
categorised based on defects like cracks, undercut, discontinu-
ity, burning and lack of fusion.

At low welding current i.e.,, below 130A defects like lack of
fusion, discontinuity and cracks were observed and at high
welding current i.e., above 130A defects like undercut, burn-
ing and cracks were observed.

‘Welding Current (A) VS Weld Penetration w.r.t. Base Metal (mm)

Weld Penetration w.r.t. Base Metal (mm)

Welding Current (A)

Figure 3.5: -Effect of Welding Current on Weld Penetration
w.r.t. Base Metal

Graph of Welding Current (A) VS Weld Bead Size (mm)

Bead Size (mm)

10 11s 120 125 130 135 140 145 150

Welding Current (A)

Figure 3.6: -Effect of Welding Current on Bead Size

From, above figure 3.5 and figure 3.6, It is observed that weld
penetration increases as value of welding current increases,
since base metal is of 2mm thickness so after a point on further
increasing the value of welding current above 130A weld pen-

Parameter Observed | Sample: 1 | Sample: 2 | Sample: 3 | Sample: 4 | Sample: 5 etration will remain constant. Weld bead size increases on in-
Cracks Observed Not Not Observed | Observed Creasing the value of weldlng current.
Observed | Observed
Undercut Not Not Not Observed | Observed Table 3.6: -Micro Examination: Test Method: IS 3600-1997
Observed | Observed | Observed Observed Sample: 1 Sample: 2 Sample: 3 | Sample: 4 | Sample: §
Discontinuity Observed Not Not Not Not AL 100X Lack of Fusion, | Lack of Fusion, No Cracks, Cracks,
Observed | Observed | Observed | Observed Magnification | Porosity and Porosity and Defects Porosity Porosity
Burning Not Not Not Not Observed Cracks Cracks Observed | Not Visible | Not visible
Observed | Observed | Observed | Observed
Lack of Fusion Observed | Observed |  Not Not Not Microscopic examination was also done at 100x magnification
Observed | Observed | Observed of all five samples welded by varying welding current.
Weld Penciration wri [ Lmm 1 6mm 2mm 2mm mm In sample 1 and 2 which were welded at low welding current
Base Metal i.e., at 110A and 120A lack of fusion, porosity and cracks were
: observed in microstructure of weld. In sample 2 which is
Bead Size Smm 5.5mm 6.7mm 7.2mm 8mm .. .
welded at 120A current cracks were not visible in macro exam-
IJSER © 2021

http://www.ijser.org


http://www.ijser.org/

160

International Journal of Scientific & Engineering Research, Volume 12, Issue 7, July-2021

ISSN 2229-5518

ination test but in microscopic examination cracks were visi-
ble.

In sample 4 and 5 which were welded at high welding current
i.e., at 140A and 150A cracks were found but porosity was not
visible.

In sample 3 which was welded at 130A current no defects
were observed at 100x magnification.

Table 3.7: -Vickers Hardness Test: Test Method: IS 1501-2002

Sample Side | Sample: 1 Sample: 2 Sample: 3 Sample: 4 Sample: 5
Vickers Vickers Vickers Vickers Vickers
Hardness Hardness Hardness Hardness Hardness
(HV-10) (HV-10) (HV-10) (HV-10) (HV-10)
Base Metals 105/83 105/83 105/83 105/83 105/83
(Al/Mg)
Weld 131 137 141 148 152
Heat Affected 106 108 114 119 122
Zone
Heat Input (J/mm) VS Vickers Hardness (HV-10)
150 : ::,‘:‘ﬂéu[éd Zone
// —

Vickers Hardness (HV-10)

Heat Input (Vum)

Figure 3.7: -Effect of Heat Input on Vickers Hardness at Base
Metal, Weld and Heat Affected Zone

Vickers hardness test was performed on all five samples weld-
ed by varying welding current. Since the base metal were un-
affected by heat its hardness remained same for all five sam-
ples i.e., for Alits 105 HV and for Mg its 83 HV.

According to the data from table 3.7 and figure 3.7, It is ob-
served that on increasing the value of welding current, heat
input increases so hardness of weld and heat affected zone
increases. High hardness value in sample 5 causes brittle frac-
ture and cracks at weld.

For any particular welded sample, it is observed that hardness
value at heat affected zone is less then hardness value at weld.

3.2 Varying Parameter: Welding Speed

Various butt-welded samples of Al-Mg are made by varying
welding speed keeping welding current (AC) and voltage con-
stant as shown in figure 3.8. Visual observations were taken
and destructive tests were conducted.

Figure 3.8: - Sample 1-5 In Decreasing Order of Welding Speed

Keeping Welding Current and Voltage Constant

Table 3.8: -Butt Welded Samples of Mg-Al by Varying Weld-
ing Speed Keeping Welding Current and Voltage Constant

Sample Welding Speed | Welding Current | Welding Voltage | Heat Input
(mm/min) (A) V) (J/mm)
1 540 130 15 216.67
2 440 130 15 265.9
3 360 130 15 325
4 300 130 15 390
5 270 130 15 43333

Welding speed is defined as the rate of travel of the electrode
along the seam or the rate of the travel of the work under the
electrode along the seam. Some general statements can be
made regarding speed of travel. Increasing the speed of travel
while keeping the arc voltage and current constant will de-
crease the width of the bead and increase penetration until an
ideal speed is obtained at which penetration is highest. In-
creasing the speed beyond this optimum will result in de-
creased weld penetration with respect to base metal. With a
decrease in welding speed, the amount of heat input rises. It
was discovered that connections welded at a high welding
speed had smaller weld beads than junctions welded at medi-
um and low welding rates. Bead size increases from sample 1-
5 (1<2<3<4<5).

How fast the electrode travels down the joint affects how
much time the arc energy has to transfer into the base plate at
any particular point along the joint. As travel speed increases,
the amount of time that the arc is over a particular point along
the joint is less and the resulting level of penetration decreas-
es. As travel speed decreases, the amount of time that the arc
is over a particular point along the joint is greater and the re-
sulting level of penetration increase. Depth of penetration in-
creases from sample 1-5 (1<2<3<4<5).

IJSER © 2021
http://www.ijser.org


http://www.ijser.org/

161

International Journal of Scientific & Engineering Research, Volume 12, Issue 7, July-2021

ISSN 2229-5518

Table 3.9: -Tensile Test: Test Method: IS 3600-1997

Sample | Width | Thickness | C/S Area | Ultimate Load | Ult. Tensile Strength
(mm) (mm) (mm?) (kN) (N/mm?)
1 25 2 50 58 116
2 25 2 50 6.0 120
3 25 2 50 5.85 117
4 25 2 50 5.65 113
5 25 2 50 52 104
Welding Speed (mm/min) VS Ultimate Tensile Strength (N/mm?)

100 450 500

Welding Speed (mm/min)

Figure 3.9: -Effect of Welding Speed on Ultimate Tensile
Strength

Tensile strength test in which tensile (pulling) force is applied
to specimen and measures the specimen’s response to the
stress. It was conducted at room temperature with elongation
speed of 2 mm/min of all five samples which are welded by
varying welding speed keeping welding current constant.

According to data from table 3.9 and figure 3.9, It is observed
that on increasing value of welding speed from 270 mm/min
to 440 mm/min, value of ultimate tensile strength increases till

Welding Speed (mm/min) VS Ultimate Bending Load (kN)

L]

ROOT BEND

L

Welding Speed (mm/min)

Figure 3.10: -Effect of Welding Speed on Ultimate Bending
Load for Root Bend Test

Root bend test in which weld root is in tension and weld face
is in compression. It was conducted by slowly increasing
bending load till weld specimen cracks or breaks. Different
bend angles and ultimate bending load were observed for all
five samples which were welded by varying welding speed
keeping welding current constant.

According to data from table 3.10 and figure 3.10, It is ob-
served that on increasing value of welding speed from 270
mm/min to 440 mm/min value of ultimate bending load in-
creases and angle at which specimen cracks or breaks also in-
creases till a point where it becomes maximum i.e., 5.2 kN and
42 degrees at 440 mm/min welding speed.

Then on further increasing value of welding current above 440
mm/min value of ultimate bending load and angle at which
specimen cracks decreases.

Table 3.11: -Face Bend Test: Test Method: IS 3600-1997

a point where ultimate tensile strength is maximum ie., 120 Sample | Width | Thickness | C/S A:ea Ultimate Bending Load | Bend Angle
N/mm? at 440 mm/min welding speed. (mm) | (mm) | (mm) (kN) (Degree)
Then on further increasing the value of welding speed above ! 25 2 50 3.4 3l
440 mm/min value of ultimate tensile strength decreases. 2 25 2 50 5.6 35
3 25 2 50 55 32
Table 3.10: -Root Bend Test: Test Method: IS 3600-1997 7 75 7 30 5] 7%
Sample | Width | Thickness | C/S Area | Ultimate Bending Load | Bend Angle 5 25 2 50 49 2
(l]]l]]) (mm) (mmz) (kN) (DEgree) Welding Speed (mm/min) VS Ultimate Bending Load (kN) FACE
1 25 2 50 49 37
2 25 2 50 5.1 42
3 25 2 50 50 38 g
4 25 2 50 47 31
5 25 2 50 45 23
Welding Speed (mm mia) FACE BEND
Figure 3.11: -Effect of Welding Speed on Ultimate Bending
Load for Face Bend Test
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Face bend test in which weld face is in tension and weld root
is in compression. It was conducted by slowly increasing
bending load till weld specimen cracks or breaks. Different
bend angles and ultimate bending load were observed for all
five samples which were welded by varying welding speed
keeping welding current constant.

According to data from table 3.11 and figure 3.11, It is ob-
served that on increasing value of welding speed from 270
mm/min to 440 mm/min value of ultimate bending load in-
creases and angle at which specimen cracks or breaks also in-
creases till a point where it becomes maximum i.e., 5.6 kN and
35 degrees at 440 mm/min welding speed.

Then on further increasing value of welding speed above 440
mm/min value of ultimate bending load and angle at which
specimen cracks decreases.

Table 3.12: -Macro Examination: Test Method: IS 3600-1997

Parameter Observed Sample: 1 | Sample: 2 | Sample: 3 | Sample: 4 | Sample: §
Cracks Observed Not Observed | Observed | Observed
Observed
Undereut Observed Not Not Observed | Observed
Observed | Observed
Discontinuity Not Not Not Not Not
Observed | Observed | Observed | Observed | Observed
Burning Not Not Not Observed | Observed
Observed | Observed | Observed
Lack of Fusion Observed Not Not Not Not
Observed | Observed | Observed | Observed
Weld Penetration w.r.t. 1.6mm 2mm 2mm 2mm 2mm
Base Metal
Bead Size 5.9mm 6.6mm 7.2mm 7.8mm 8.2mm

Macro Examination was done of all five samples welded by
varying welding speed. In this examination all samples were
categorised based on defects like cracks, undercut, discontinu-
ity, burning and lack of fusion.

At low welding speed i.e., below 440 mm/min defects like
undercut, burning and cracks were observed and at high

Welding Speed (mm/min) VS Weld Bead Size (mm)

Bead Size (mm)

350 400 150 500 550

Welding Speed (mm/min)

Figure 3.13: -Effect of Welding Speed on Bead Size

From, above figure 3.12 and figure 3.13, It is observed that
weld penetration increases as value of welding speed decreas-
es, since base metal is of 2mm thickness so after a point on
further decreasing the value of welding speed below 440
mm/min weld penetration will remain constant. Weld bead
size increases on decreasing the value of welding speed.

Table 3.13: -Micro Examination: Test Method.: IS 3600-1997

Observed Sample: 1 | Sample:2 |  Sample: 3 Sample:4 | Sample: 5
Lack of Fusion, No Cracks, Cracks, Cracks,
At 100 X
Magnification Porosity and Defects | Porosity Not | Porosity Not | Porosity Not
Cracks Observed Visible Visible Visible

Microscopic examination was also done at 100x magnification
of all five samples welded by varying welding speed.

In sample 1 which was welded at high welding speed i.e., at
540 mm/min lack of fusion, porosity and cracks were ob-
served in microstructure of weld.

In sample 3, 4 and 5 which were welded at low welding speed
i.e., at 360 mm/min, 300 mm/min and 270 mm/min cracks
were found but porosity was not visible.

In sample 2 which was welded at 440 mm/min welding speed
no defects were observed at 100x magnification.

Table 3.14: -Vickers Hardness Test: Test Method: IS 1501-2002

welding speed i.e., above 440 mm/min defects like undercut, Sample Side | Sample: | | Sample:2 | Sample:3 | Sample:4 | Sample: 5
lack of fusion and cracks were observed. Vickers Vickers Vickers Vickers Vickers

Welding Speed (mm/min) VS Weld Penetration w.r:t. Base Metal (mm) Hardness Hardness Hardness Hardness Hardness

(HV-10) (HV-10) (HV-10) (HV-10) (HV-10)
3 Basc Metals 105/83 105/83 105/83 105/83 105/83
(AlMg)
f Weld 129 140 157 165 174
* 18 Heat Affected 106 115 126 129 133
; Zone
z I
Welding Speed (mun/min)
Figure 3.12: -Effect of Welding Speed on Weld Penetration
w.r.t. Base Metal
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Heat Input (J/mm) VS Vickers Hardness (HV-10)

tHH

s (HV-10)

Heat Input (Yimm)

Vickers Hardne:

Figure 3.14: -Effect of Heat Input on Vickers Hardness at Base
Metal, Weld and Heat Affected Zone

Vickers hardness test was performed on all five samples weld-
ed by varying welding speed. Since the base metal were unaf-
fected by heat its hardness remained same for all five samples
i.e, for Al its 105 HV and for Mg its 83 HV.

According to the data from table 3.14 and figure 3.14, It is ob-
served that on decreasing the value of welding speed the
amount of time that the arc is over a particular point along the
joint increases because of that heat input increases so hardness
of weld and heat affected zone increases. High hardness value
in sample 4 and 5 causes brittle fracture and cracks at weld.
For any particular welded sample, it is observed that hardness
value at heat affected zone is less then hardness value at weld.

4 CONCLUSIONS

Magnesium and Aluminium metals were butt joined success-
fully using AL822 (Zn78Al22) i.e., zinc-based filler wire by
Tungsten Inert Gas welding process. Conclusions of this study
are as follows:

1) Optimum parameters for TIG welding of Al/Mg metals
are 130A welding current at 440 mm/min travel speed. It
is found out that neither low welding speed and welding
current nor high welding speed and welding current is
optimum for weld. At optimum parameters maximum
depth of penetration and fusion with uniform bead size is
obtained. Based on test results it is found out that welding
at non optimum parameter causes weld defects like poros-
ity, lack of penetration, lack of fusion, undercut, cracks,
burning and spatter.

2) The maximum value of ultimate tensile strength of the
joint is found out to be 123 Mpa when welded at optimum
welding parameters. When compared to the Magnesi-
um/Aluminium junction created by other fusion welding,
this is a huge improvement. Welding at non optimum pa-
rameters causes decrease in ultimate tensile strength.

3) Maximum ultimate bending load for face bend test and
root bend test is found out to be 5.8 kN at 37° bend angle
and 5.2 kN at 43 bend angle. These maximum values of
ultimate bending load were obtained at optimum welding
parameters. Welding at non optimum parameters causes

decrease in value of ultimate bending load. Ultimate
bending load for face bend test is greater than root bend
test.

4) Hardness increases as heat input increases i.e., by increas-
ing welding current or decreasing welding speed. High
hardness value causes failure in weld like brittle fracture
and cracks. Low hardness value is also not good for weld.
Optimum hardness of 141 HV and 115 HV is observed at
optimum welding parameters. In comparison to base
metals, there is an increase in hardness at the weld and
heat affected zone as heat input increases. Because of
higher heat input at the weld than at the heat affected
zone during the welding process, the hardness at the heat
affected zone is lower than the hardness at the weld.
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