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Abstract - Dissimilar metals joined or welded together have
been widely used in all the fields such as automobile industries,
nuclear reactors, boilers, petrochemical and chemical
industries. The use of two dissimilar metals has increased
widely due to light weight and increased mechanical and
chemical properties as compared to using the materials
separately.

During welding of dissimilar metals various types of defects
can be produced like stress corrosion cracking, residual
stresses, and unbalanced stress concentration on either side of
the weld due to migration of the atoms, thermal stresses and
thermal expansion of materials during welding.

In this work Stainless steel 304 is welded to Mild steel 1020
using Gas metal arc welding (MIG).The samples were welded
using stainless steel welding electrode: (AWS: E3081-16) under
different process parameters. The shielding gas used for this
experiment is CO:.Using the tensile test the mechanical
properties of the welded joint were known. The yield strength
and the tensile strength of the welded joint, done using
stainless steel electrode at the best parameter were noted.
Taguchi method is used for getting the optimized value. The
results were compared for different joints made by MIG
welding processes During the tensile testing the failure of the
weld at mild steel base metal gives the correct indication of
stronger regions of stainless steel base metal zone.

Further the results shows that increasing the current and
voltage increases the strength of welds.
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1. INTRODUCTION

The stainless steel is one of the most popular materials for
structural applications, due to its excellent physical and
mechanical properties but it increases the structural cost.
The dissimilar metal welds of different steels have very vast
requirement for industrial use for conventional structural
engineering applications such as civil construction, nuclear
reactors, thermal power plants, vessels and heat exchangers
for several industrial applications [1-3].Nowadays the
requirement for production of many engineering and
structural components is good joint efficiency, simple
process, low fabrication cost, welding reliability and efficient
metal joining processes [4]. The various metallurgical
changes such as, precipitation of secondary phases, micro-

segregation, presence of porosities, solidification cracking,
grain growth in the HAZ and materials loss due to
vaporization are the major problems for poor mechanical
properties in stainless steel welds [5]. Thus, for structural
applications, stainless steels are efficiently utilized by
dissimilar welds between carbon steels and stainless steels
with economical use of the special properties of steels
dependent on the same structure. The various metallurgical
changes such as, porosities, solidification cracking, grain
growth in HAZ and materials loss by vaporization are the
major problems which produces poor mechanical properties
in stainless steel welds. Therefore, for structural
applications, the stainless steels are utilized efficiently by
dissimilar steel welds between stainless and carbon steels
with effective and economical utilization of the special
properties of each steel dependent in the same structure [6].

2. MIG welding

Metal inert gas arc welding (MIG) also called as gas metal arc
welding (GMAW) utilizes a consumable electrode thus the
term metal appears in the title. There are other gas shielded
arc welding processes utilizing the consumable electrodes,
such as flux cored arc welding (FCAW) all these type of
welding can be termed under MIG [6].

Though gas metal arc welding (GMAW) can be used to weld
all types of metals, it is more suitable for thin sheets. But for
welding thicker sheets of metal, the filler metal requirement
makes GMAW difficult to use. Consumable electrode is in the
form of a wire reel which is fed at a constant rate, through
the feed rollers. The welding torch is connected to the gas
supply cylinder which provides the necessary inert gas. The
electrode and the work-pieces are connected to the welding
power supply. The power supplies are of constant voltage
type only. The current is changed by the rate of feeding of
the electrode wire. Generally DC arc welding machines are
used for GMAW with positive electrode (DCRP). The DCRP
increases the metal deposition rate and also provides for a
stable arc and smooth electrode metal transfer.

With Direct current reverse polarity, the arc becomes highly
unstable and it also results in a large spatter which is a kind
of defect which damages the physical property of the weld.
But special electrodes having calcium and titanium oxide
mixtures as coatings are found to be good for welding steel
with DCSP. In the Gas Metal Arc Welding process, the filler
material is transferred from the electrode to the joint.
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Depending on the current and voltage used for a given
electrode, the metal transfer is done in different ways [7-10].

3. Materials and Sample preparation

The materials used and the procedure of specimen
preparation is given below.

3.1 Chemical Composition

The chemical compositions of the1020 mild steel and 304
stainless steels are shown in Tables.

Table-1: Chemical Composition of SS 304 [11]

Fe C Si Mn S P Cr Ni
71. 0.05 0.35 1.32 0.0 0.03 18. 8.28
43 8 7 2 52

Table-2: Chemical Composition of Mild Steel 1020 [11]

Fe C Si Mn N P Cr Ni
99.3 0.2 0.35 0.4 0.0 0.0 18. 8.06
1 5 4 21

3.2 Sample Preparation

Specimen of AISI 304 stainless steel and 1020 Mild Steel
cylindrical rod with the dimensions given below is prepared
[5-6].

Table-3: Specimen dimension

Overall length 150 mm
Distance between shoulders 44 mm
Diameter or width 12 mm
Grip section diameter 15 mm
Grip section length 53 mm
Fillet radius- 5 mm

The specimens were turned to above dimensions in a lathe
machine and faced to prepare the weld surfaces. The
surfaces to be welded were cleaned thoroughly prior to
welding. MIG welding process was used for welding steel
with mild steel. The AWS: E3081-16 rod of 2 mm diameter
filler material was used for all welding process. The
specimen prepared is shown in the figure 1 [5] and the
specimen geometry is shown in figure 2 [6].
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Fig-1: Specimen prepared [5]
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Fig-2: Specimen geometry [6]
4. Experimental work

An experiment work is carried out for MIG welding
process on dissimilar materials 304Stainless steel and 1020
Mild steel. Good strength can be achieved at high welding
rate by proper control on the welding parameter. The
experimental work shows the study conducted on tensile
strength as output parameter with reference to variable
input parameters such as gas pressure, current and voltage
[9-10].MIG 300 GN welding Machine is used. The Gas flow
rate is 10 L/min.

Table-4: Parameters considered for experiment

S.no INPUT PARAMETERS
1 Gas pressure (Psi)
2 Current (Amp)
Voltage (V)
S.no CONSTANT PARAMETER
1 Electrode size
2 Shielding Gas
S.no OUTPUT PARAMETER
1 Tensile Strength (KN)

These are the required process parameters which are used
with their different values for the welding of mild steel and
stainless steel test samples.
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Table-5: Parametric values The UTM testing machine used for tensile testing of specimens

Parameter Gas Current Voltage
level pressure
(Psi) (Amp) (volt)
A B C
1 12 150 15
2 15 170 20
3 18 190 25

The above table shows the values of the different parameters
taken for carrying out the experiment.

The Rilon welding machine of MIG Welding is used for this experiment.

Fig-4: Universal testing machine
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Fig-3: MIG Welding Machine

Figure shows the Rilon MIG welding machine having power
voltage of 3phase 380V (15%). It has efficiency of 85% and
the type of wire feed is internal feeding. The power factor is
0.85 and the output voltage for MIG is 16.5-29 and for MMA
22.4-32. The rated input current in Ampere is 18.5 for MIG
and 20.5 for MMA and the output current adjustment is 50-
300 for MIG Welding and 70-300 for Manual Metal Arc
welding. The overall weight of the entire unit is 60 kg. The
welding thickness is generally more than 0.8 mm.
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Fig-5: SSand MS weld
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Fig-6: Tested Welds in UTM

5. Results and Discussions

Table 5 shows the parameters used during welding and
results obtained from the tensile test. From the Table 5, it is
shown that the maximum value of tensile strength 125 KN is
obtained at experiment no 4. While the minimum value of
tensile strength 100 KN is obtained at experiment no 1.
Figure 7 and figure 8 shows the main effect plots of mean of
means and signal to noise ratio graphs of the tensile strength
test which are obtained by using Taguchi’s analysis with
proper design of experiment.

The result shows that on increasing the current and voltage
the tensile strength increasing and more force is required to
break the weld. But simultaneously on increasing the gas
pressure, current and the voltage the tensile strength
decreases as can be seen from the main effect graphs and the
result values. The mean of means curve shows the average
value of the tensile strength for all the three parameters
taken and also the maximum and the minimum values are
obtained.
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S.NO GAS CURRENT VOLTAGE TENSILE
PRESSURE (Amp) (Volt) STRENGTH
(Psi) (KN)

1 12 150 15 100

2 15 170 20 110

3 18 190 25 105

4 12 170 20 125

5 15 190 25 100

6 18 150 15 120

7 12 190 25 105

8 15 150 15 115

9 18 170 20 105

Table-5: Results of tensile strength obtained from
experiment

Greater the signal to noise ratio more optimized will be the
value of the experiment. From the main effect plot for the
signal to noise ratio it can be seen that the maximum value of
the SN ratio is obtained at maximum current and voltage and
the at the average gas pressure. Thus for better value of the
response, the optimal values of the parameters should be
taken.

Main Effects Plot for Means
Data Means

Gas Pressure (Psi) Current (Amp) Voltage (volt)

122.5

1200

.5

1.0

.5

Mean of Means

10.0

107.5

105.0

Fig-7: Main effect plot for means

IS0 9001:2008 Certified Journal | Page 1747



’,/ International Research Journal of Engineering and Technology (IRJET)

JET Volume: 04 Issue: 05 | May -2017

www.irjet.net

e-ISSN: 2395 -0056
p-ISSN: 2395-0072

Main Effects Plot for SN ratios

Data Means
Gas Pressure (Psi) Current (Amp) Voltage (volt)

41.75

41.50
n
.S
e
= 4.5
=
wv
S 400
=
o
L]
=

40.75

40.50

12 L] 18 150 170 190 15 20 25

Signal-to-noise: Larger is better

Fig-8: Main effect plot for SN Ratio

7. Conclusions

The experimental result shows that the ultimate tensile
strength is same for 12 and 18 psi gas pressure and
maximum for 15 psi gas pressure. This suggests that on
increasing the gas pressure than the required value the
strength of weld decreases and is best for average gas
pressure. It is shown that the ultimate tensile strength
increases with increase of current value from 150 Amp to
190 Amp. From the results we can see the following
conclusions:

Firstly as we can see that on keeping gas pressure constant
to 12 psi, current to 150 ampere and increasing the voltage
to 20 volts the ultimate tensile strength increases. Then on
keeping the gas pressure constant and increasing the
current and voltage to 170 ampere and 15 -20 volts the
ultimate tensile strength increases slightly. But when we
increase the gas pressure to 15 psi and kept the current and
voltage constant to 150 ampere and 20 volts respectively the
ultimate tensile strength decreases.
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