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Abstract — The dissimilar metal joints of have been emerged as a
structural material for various industrial applications which
provides good combination of mechanical properties like strength,
corrosion resistance with lower cost. Selections of joining process
for such a material are difficult because of their physical and
chemical properties. The stainless steel and mild steel dissimilar
material joints are very common structural applications joining
of stainless steel and mild steel is very critical because of carbon
precipitation and loss of chromium leads to increase in porosity
affects the quality of joint leads deteriorate strength.. In the
present investigation, stainless steel of grades 410 and EN 24 were
welded GMAW processes. Quality of the weld bead is always
governed by its geometry and configuration which, in turn are
controlled by various welding process input parameters such as
welding speeds, current, and voltage as well as the type of the
welding process. The planned experiments were conducted in the
semi auto MIG welding machine.. Image J software were used to
find out the depth of penetration depending upon the temperature
variation. Experimentally found the input parameter value
Ampere rating 140 ,Volatge -18 and Gas pressure 4 Kg/cm2was
the best value and it did not create any major changes and failures
in the testing process and it was comparatively higher tensile
value than other values. Finally optimized through Taguchi
design optimum parameter value for 6 mm dissimilar stainless
steel was Ampere rating 180 ,Volatge -18 and Gas pressure5
Kg/cmz2.

Index Terms - GMAW,Depth of penetration,
optimization, orthogonal array, S/N ratio.

1. INTRODUCTION

Hardness,

Metal inert gas/ metal active gas (MIG/MAG) welding is an arc
welding process, the melting takes place by Joule effect and a
continuous electric arc, where the additional metal is supplied
by a roll of wire. The weld is made by falling successive drops
on the weld puddle. Argon gas (MIG welding) or active gas,
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CO2 (MAG welding) are used as plasma for providing
protective atmosphere for the weld metal lied from the
generator is controlled to reach a point chosen by the welder
the short-circuit mode, where current flows at pre-defined law,
in gas metal arc welding the molten metal drop detachment
form an electrode have complex interactions between different
physical phenomena. Some of the researchers have studied the
electromagnetic effects and some studied the thermal effects
and the fluid dynamics. It is an arc welding process where heat
is generated for arc between the work piece and a consumable
electrode. A bare solid wire called electrode is continuously fed
to the weld zone, it becomes filler metal as it is consumed. Gas
metal-arc welding overcomes the restrictions of using electrode
of limited length and overcomes the inability to weld in various
positions, which is a limitation of submerged-arc welding.

In gas metal arc welding, the variations of power supplies,
shielding gases and electrodes have significant effects,
resulting in different process variations. All important metals
used in different commercial applications such as aluminum,
copper, stainless steel and carbon steel can be joined by this
MIG welding process by choosing appropriate electrode,
shielding gas and different welding conditions. It has been very
important to know the performance of a welding process over
a wide range of input process parameters.

MIG welding is such a welding process which is extensively
used in the industries for its high precision and accuracy
capability. But performance of the welding depends largely
upon the parameters like voltage, current and also on type of
work-piece materials, electrode material combinations. A large
amount of research works have been noticed to find out the
most suitable combination of input process parameters for a
desired output. In our present study work piece of mild steel
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material of grade High Carbon High Chromium steel has been
used tolerances.

2. WELDING PROBLEM ON DISSIMILAR STEEL
2.1 Problem Identification

In many cases the welder needs only to know the techniques of
actual welding and does not need to be concerned about the
type or grade of steel being welded. This is because a large
amount of steel used in fabricating a metal structure is low
Carbon or plain carbon steel (also called mild steel). When
welding these steels with any of the common arc welding
processes like Stick Mig or Tig there are generally few
precautions necessary to prevent changing the properties of the
steel. Steels that have higher amounts of Carbon or other alloys
added may require special procedures such as preheating and
slow cooling, to prevent cracking or changing the strength
characteristics of the steel. The welder may be involved in
following a specific welding procedure to ensure weld metal
and base metal has the desired strength characteristics.

3. MATERIAL DETAILS
3.1 Work Material Details
Work material — EN24 steel
Work material size-100*100mm 6 mm thickness

EN24 is usually supplied in the finally heat treated condition
(quenched and tempered to “T” properties) up to a limiting
ruling section of 250mm, which is superior to grades 605M36,
708M40 or 709M40 — see properties below. Please refer to our
selection guide for comparisons.EN24 is a very popular grade
of through-hardening alloy steel, which is readily machinable
in the “T” condition. (Refer to our machinability guide).
EN24T is most suitable for the manufacture of parts such as
heavy-duty axles and shafts, gears, bolts and studs.EN24T can
be further surface-hardened typically to 58-60 HRC by
induction or nitride processes, producing components with
enhanced wear resistance.In addition to the above, EN24T is
capable of retaining good impact values at low temperatures,
hence it is frequently specified for harsh offshore applications
such as hydraulic bolt tensioners and shipborne mechanical
handling equipment.

3.1.1 Chemical Properties

Composition In

Sl.no Element Weight %
Min Max
1 Carbon, C 0.35 0.45
2 Manganese, Mn 0.45 0.70
3 Silicon, Si 0.1 0.35
4 Molybdenum, Mo 0.20 0.35
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5 Chromium,Cr .90 1.40
6 Sulphur&phosphorous - 0.05

Table 3.1 Chemical properties
3.1.2 Application

EN 24 steel is a high tensile alloy steel and wear resistance
properties and also where high strength properties are required.
EN24 is used in components subject to high stress and with a
large cross section. This can include aircraft, automotive and
general engineering applications for example propeller or gear
shafts, connecting rods, aircraft landing gear components.

SS 410

Grade 410 is the basic martensitic stainless steel; like most non-
stainless steels it can be hardened by a "quench-and-temper"
heat treatment. It contains a minimum of 11.5 per cent
chromium, just sufficient to give corrosion resistance
properties. It achieves maximum corrosion resistance when it
has been hardened and tempered and then polished. Grade 410
is a general purpose grade often supplied in the hardened, but
still machinable condition, for applications where high strength
and moderate heat and corrosion resistance are required.
Martensitic stainless steels are optimized for high hardness,
and other properties are to some degree compromised.
Fabrication must be by methods that allow for poor weld ability
and usually the need for a final heat treatment. Corrosion
resistance of the martensitic grades is lower than that of the
common austenitic grades, and their useful operating
temperature range is limited by their loss of ductility at sub-
zero temperatures and loss of strength by over-tempering at
elevated temperatures.

3.1.3 Composition

410

Grade Min

c -0.15

Mn -1.00

Si -1.00

-0.040

S -0.030

115

cr 135
Mo -

Ni 0.75
N -

Table 3.2 Composition ranges for 410 grade stainless steel
3.1.4 Applications
Typical applications include:

e Bolts
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Nuts

Screws

Bushings

Pump and valve parts and shafts
Steam and gas turbine parts
Petroleum fractionating towers

Work material size—100 X 100 X6mm

4. EXPERIMRNTAL DESIGN
4.1 Taguchi Introduction

Basically, experimental design methods were developed
original fisher. However experimental design methods are too
complex and not easy to use. Furthermore, a large number of
experiments have to be carried out when the number of the
process parameters increases, to solve this problem, the
Taguchi method uses a special design of orthogonal arrays to
study the entire parameter space with a small number of
experiments only. The experimental results are then
transformed into a signal— to — noise (S/N) ratio to measure the
quality characteristics deviating from the desired values
Usually, there are three categories of quality characteristics in
the analysis of the S/N ratio, i.e., the—lower—better, the—higher—
better, and the—nominal-better.

The S/N ratio for each level of process parameter is compared
based on the S/N analysis. Regardless of the category of the
quality characteristic, a greater S/N ratio corresponds to better
quality characteristics. Therefore, the optimal level of the
process parameters is the level with the greatest S/N ratio
Furthermore, a statistically significant with the S/N and
ANOVA analyses, the optimal combination of the process
parameters can be predicted. Finally, a confirmation
experiment is conducted to verify the optimal process
parameters obtained from the parameter design. There are
3Signal-to-Noise ratios of common interest for optimization of
Static Problems. The formulae for signal to noise ratio are
designed so that an experimenter can always select the largest
factor level setting to optimize the quality characteristic of an
experiment. Therefore a method of calculating the Signal-To-
Noise ratio we had gone for quality characteristic. They are

1.Smaller-The-Better,
2. Larger-The-Better,
3. Nominal is Best.

4.2 Design Of Experiment

Process parameters and their levels
Process Parameters

Welding
Levels | current | A\'C Gas
AMPS Voltage | pressure
| \Y Bar
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1 140 18 4
2 160 20 5
3 180 22 6

Table 4.1 Process parameters and their levels

4.3 An Orthogonal Array L9 Formation (Interaction)

Gas
AMPS(I) | VOLT(V) Pressure(BAR)
140 18 4
140 20 5
140 22 6
160 18 5
160 20 6
160 22 4
180 18 6
180 20 4
180 22 5

Table 4.2 L9 Array formation
5. ROCKWELL HARDNESS TEST

1. Rockwell Hardness systems use a direct readout machine
determining the hardness number based upon the depth of
penetration of either a diamond point or a steel ball. Deep
penetration indicated a material having a low Rockwell
Hardness number.

2. However, a low penetration indicates a material having a
high Rockwell Hardness number. The Rockwell Hardness
number is based upon the difference in the depth to which a
penetrator is driven by a definite light or “minor” load and a
definite heavy or “Major” load.

3. The ball penetrators are chucks that are made to hold 1/16”
or 1/8” diameter hardened steel balls. Also available are /4” and
%" ball penetrators for the testing of softer materials.

4. There are two types of anvils that are used on the Rockwell
hardness testers. The flat faceplate models are used for flat
specimens. The “V” type anvils hold round specimens firmly.

5. Test blocks or calibration blocks are flat steel or brass blocks,
which have been tested and marked with the scale and
Rockwell number. They should be used to check the accuracy
and calibration of the tester frequently.

Using the “B” Scale;

a. Use a 1/16 indenter

b. Major load: 100 Kg, Minor load: 10 Kg

¢. Use for Case hardened steel titanium, tool steel.

d. Do not use on hardened steel
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Materia AMPS Volt Gas Hardness 160 20 6 40.36 32.1190
Is Pressure | SS410 | EN24 160 22 4 45.26 33.1143
140 18 Z 82 90 180 18 6 45.71 33.2002
140 20 5 90 05 180 20 4 43.69 32.8076
140 22 6 86 87 180 . .22 _5 | 44.?I6 35.9202
5410 160 18 5 82 90 Table:5.3 SN ratio value for tensile strengt
& 160 20 6 87 94 Taguchi Analysis: TENSILE versus VOLT, AMPS, GAS
EN24 160 22 4 90 92 PRESSURE
180 18 6 84 9 Level AMPS VOLT | GAS PRESSURE
180 20 4 89 87
TABLE 5.1: (After Welding)-Mig 2 32.61 32.49 32.68
5.1 TENSILE TEST&ELONGATION 3 32.08 32.80 3256
Friction processed joints are evaluated for their mechanical Delta 0.37 058 0.55
characteristics through tensile testing. A tensile test helps Rank 3 1 2
determining tensile properties such as tensile strength, yield Table: 5.4 Response Table for Signal to Noise Ratios Larger
strength, percentage of elongation, and percentage of reduction T is better
in area and modulus of elasticity. The welding parameters were
randomly chosen within the range available in the machine. Adi % Of
The joints were made with random parameters and evaluate | Source | DF | SeqSS J F P Contri
tensile strength and burn off. Then the joints were made and MS Bution
evaluate the mechanical and metallurgical characteristics.The ["Amps | 2 4978 | 2.489 | 0.96 | 0,510 14
friction welded specimens were prepared as per the ASTM VOLT | 2 12697 | 6349 | 2.45 | 0.289 37
standards. The test was carried out in a universal testing : : : .
machine (UTM) 40 tones FIE make. GasPr | 2 | 12454 | 6.227 | 2.41 | 0.293 35
Error 2 5.173 2.587 14
5.2 Tensile Strength Result Total 8 35.303 100

Sl.no Tensile load kn
T1 46.82
T2 42.34
T3 41.56
T4 42.58
T5 40.36
T6 45.26
T7 45.71
T8 43.69
T9 44.26

TABLE 5.2: Result of Tensile load
5.3 Taghuchi Analysis For Tensile Strength-Sn Ratio

Tensil
AMPS Volt PreGsszre Stfer?gteh SNRAL
140 18 4 46.82 33.4086
140 20 5 42.34 32.5350
140 22 6 41.56 32.3735
160 18 5 42.58 32.5841
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Table: 5.5 Aanalysis of Variance for TENSILE, using
Adjusted SS for Tests

TS =

43.620 - 0.047 AMPS_140 - 0.887 AMPS_160

+ 0.933 AMPS_180 + 1.417 VOLT 18- 1.490 VOLT 20
+0.073 VOLT 22 + 1.637 GP_4 - 0.560 GP_5 - 1.077 GP_6

Mean of SN ratios

326

325

Main Effects Plot for SN ratios

AMPS

140 160 180

Signal-to-noise: Larger is better

Data Means
VOLT

18 20

GP

2 4

Figure 5.1 :Main Effects Plot for SN Ratios
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Main Effects Plot for Means
Data Means

AMPS VoLt GP

Mean of Means

430
425

420
140 160 180 18 20 2 4 5 6

Figures 5.2 :main effects plot for means
6. DEPTH OF PNETRATION

Inadequate weld bead dimensions such as shallow depth of
penetration may contribute to failure of a welded structure
since penetration determines the stress carrying capacity of a
welded joint .To avoid such occurrences the input or welding
process variables which influence the weld bead penetration
must therefore be properly selected and optimized to obtain an
acceptable weld bead penetration and hence a high quality joint
. To predict the effect of welding process variables on weld
bead geometry and hence quality researchers have employed
different techniques .

6.1 Various Sizes Of Bead Width, Depth Of Penetration -Ss410
And En24-Gmaw
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7. RESULT AND CONCLUSION

MIG welding can be used successfully to join SS410 &EN24.
The processed joints exhibited better mechanical and
metallurgical characteristics. The specimen failures were
associated depending upon the improper changes of heat value
. According to Taguchi optimum value of in our experiment
we found out the input parameter value AMPS140, VOLT-18
&Gas pressure 4 Kg/cm2 was the best value and it does not
create any major changes and failures in the testing process.
The tensile strength value of the MIG welded Bimetallic joints
was comparatively higher value (AMPS140, VOLT-18 &Gas
pressure 4 Kg/cm2 ) than other value.

Optimal Control Factor

According to the Taguchi design and optimized parameter is
value for Tensile strength was 6 mm plate of dissimilar
structure steel were AMPS 180 VOLT-18 GAS PRESSURE-
5 Kg/lcm2

Percentage Of Contribution
Tensile strength was most influenced with Voltage- 37%
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