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Abstract: 

Joining of different steels by welding has become a common process nowadays with wide applications in industries because it 

provides a good combination of mechanical properties like strength and corrosion resistance at a lower cost. The stainless steel 

and mild steel dissimilar steel jo ints are very common structural applications under this category. Gas metal arc welding is a 

fusion welding process having wide applications in industry which is widely used in the joining of stainless steel and mild steel. 

In this process, proper selection of input welding parameters is necessary in order to control weld distortion and subsequent ly 

increase the productivity of the process. In order to obtain a good quality weld and control weld distortion, it is therefore, 

necessary to control the input welding parameters. In this research work, experiments are carried out on SS 304L stainless steel 

and EN8 mild steel plate using gas metal arc welding (GMAW) process to optimize the parameters of welding.  The research will 

be applied by Taguchi Method on an stainless steel and mild steel specimen, by considering arc current, arc voltage and gas 

pressure as the various parameters. 
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I. INTRODUCTION 

 

Gas metal arc welding (GMAW), sometimes referred to by its 

subtypes metal inert gas (MIG) welding or metal active gas 

(MAG) welding, is a welding process in which an electric arc 

forms between a consumable wire electrode and the work p iece 

metal(s), which heats the work p iece metal, causing them to melt 

and join. A long with the wire electrode, a shielding gas feeds 

through the welding gun, which shields the process from 
contaminants in the   air.    

 

Originally developed for weld ing aluminium and other non-

ferrous materials, GMAW was soon applied to steels because it 

provided faster welding time compared to other welding 

processes.  

 

The cost of inert gas limited its use in steels until several years 

later, when the use of semi-inert gases such as carbon dioxide 

became common. Further developments gave the process more 

versatility and as a result, it became a highly used industrial 

process.  

 

Today, GMAW is the most common industrial weld ing process, 

preferred for its versatility, speed and the relative ease of 

adapting the process to robotic automation. Unlike welding 

processes that do not employ a shielding gas, such as shielded 

metal arc welding, it is rarely used outdoors or in other areas of 

air volat ility. 

 

II. WELDING PARAMETERS  

 

To have a good quality weld, selection of proper welding 

parameters is required. In this experiment, welding current, 

voltage and gas pressure were taken as the input parameters of 

the MIG weld ing. Three set of values for each parameter were 

taken to find the best optimised values for welding. 

 

Ta ble  1 : In put  p a ra m et ers  

Par a m et er  Value1 Value2  V alu e 3  

Cu rr ent  14 0  16 0   18 0  

(amps)     

V ol ta g e  22  24   26  

(volts)     

G as  4  5   6  

pr ess ur e      

(psi )      

  

After selecting the input parameters, the different 

parameters were arranged by using Taguchi design. It was 

arranged based on Taguchi method of orthogonal array to  

explore d ifferent parameters. 

 

Table.2. L9 orthogonal array of input parameters  

Sa m pl e  Cu rr ent  V ol ta g e  Gas 

 (a m p)  (vol t )  pr ess ur e  

   (psi )  

1  14 0  22  4  

2  14 0  24  5  

3  14 0  26  6  

4  16 0  22  5  

5  16 0  24  6  

6  16 0  26  4  

7  18 0  22  6  

8  18 0  24  4  

9  18 0  26  5  

 

III. EXPERIMENTAL PROCEDURE 

 

For the process of MIG weld ing of dissimilar steels, 304L 

stainless steel and EN8 mild steel were selected. The metal 
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plates were cut in the dimensions of 100x100x10mm and were 

then cleaned and dried to remove all foreign particles sticking on 

to it. 

 

Table 3: Mechanical properties of 304L stainless steel 

Proof stress 17 0  

0.2 % ( M P a )   

T e nsi le st r e ngt h  48 5  

0.2 % ( M P a )   

Elongation% min  40  

  

H a rd n ess( H R B )  92  

A AC constant current Sun power (DC Inverter machine MIG 

500) was used in the welding process. The process required 

clamping jo int in fixtures, setting welding parameters (voltage, 

weld ing current, arc travel speed, wire feed rate, electrode 

position, gas pressure and orientation of gun). The setting of 

weld ing parameters is very important so that the correct 

relationship must be obtained between current, voltages, stick-

out, gas flow, weld ing speed and gun angles. There should be 

proper selection of filler wires, and shielding gases. Here copper 

coated 1.6mm thick mild steel was used as electrode and 100% 

CO2 was used as shielding gas. The process did not require very 

skilled welders. During the weld ing, special attention was given 

to the arc glare, smokes, fumes, electrode changing, and nozzle 

clean. 

 

Table.4. Mechanical properties of EN8 mild steel 

Tensile strength 850 

N/mm
2 

 

Yield stress 680 

N/mm
2 

 

Elongation 13% 

Hardness(HB) 248 

After the weld ing process, the pieces were once again cleaned 

and tested for determin ing their mechanical properties like 

hardness, tensile strength, etc. Also NDT was done to fine the 

depth of penetration of the weld. From the obtained results, the 

quality of weld for each parameter was determined. 

 

HARDNESS TES T 

Hardness is a characteristic of a material, not a fundamental 

physical property. It is defined as the resistance to indentation, 

and it is determined by measuring the permanent depth of the 

indentation. The Hardness test report generated by Rockwell 

hardness testing machine for the welded jo ints of stainless steel 

and carbon steel are shown in table 5. It was carried out with a 

major load of 107.5Kgf and a 1/16 Ball Indentor. 

 

Ta ble .5.  H a rdn ess  t est  

Sa m pl e   HRB 

1   86  

2   90  

3   86  

4   86  

5   90  

6   91  

7   89  

8   88  

9   88  

  

From the results of the Rockwell hardness test, it is found 

that sample 6 has the highest hardness in welded area 

followed by sample 2. It is also found that sample 9 and 

sample 6 has the least variation in terms of hardness 

measured at both end of the plates. From the test, it is seen 

that the sample 6 which has the highest hardness is welded  

with 26 volt and gas pressure of 4 psi. From this it is found 

that, the welding with highest hardness is obtained when the 

voltage is at its maximum and the gas pressure is minimum. 

Also, the corresponding sample 2 and sample 9 are welded  

with a gas pressure of 5 psi and and a voltage of 26 volt.  

From this, it is inferred that voltage at maximum value will 

yield better welding results. Also it can be inferred that 

increasing gas pressure is not helping with the quality of 

weld. The current was set at 160 amp which is the median of 

the selected parameters for current.  

 

TENS ILE TES T 

A Universal testing machine (UTM), also known as a 

universal tester, materials testing machine is used to test the 

tensile strength. Tensile testing is a fundamental material 

science test in which a sample is subjected to a controlled 

tension until failure. The results from the test are commonly  

used to select a material for an applicat ion, for quality  

control. 

 

Table. 6. Tensile test 

Sample Ult imate Tensile 

Strength 

Elongation % 

In 25mm GL 

1 302 2.9 

2 380 3.5 

3 354 5.0 

4 328 4.2 

5 408 6.5 

6 468 9.5 

7 327 4.5 

8 313 4.0 

9 377 6.0 

 

 
Figure.1. Tensile test specimen 

 

From the tensile test it is found that sample 6 with the 

parameters of 160amp, 26V and 4 psi gas pressure has  the 

highest tensile strength and the most elongation when 

compared to other samples. Higher tensile strength 

indicates the resistance, the welded joint offers under 

tension. It is a important factor in deciding the quality of 

the joint as it has to be decided if the welding joint can 

withstand high loads acting on it. Also elongation is 

another important factor because it has to b found out, how 

long the welded joint can expand under stress and during 
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application of heat. These parameters help in deciding if the 

joint can withstand stress action under loads while used in 

machineries. As sample 6 has the highest tensile strength and 

elongation, it is considered the best welded joint in comparison 

to other joints.  

 

NON-DES TRUCTIVE TES TING 

Non-destructive Test and Evaluation is aimed at extract ing 

informat ion on the physical, chemical, mechanical or 

metallurg ical state of materials or structures. This test is done 

without causing any physical damage to the testing specimen. 

Here, the testing of the specimen was done on MICROSCAN-

PX 20 which uses ultrasonic signals to find the defects in the 

welded joint. The probe make was modsonic and the waves 

were sent at a angle of 45
0
 and with a frequency of 4MHz which  

had a range of 100mm. The results of the NDT test are displayed 

in table 7. 

 

Figure.7. NDT test 

Sa m pl e  In dic at io ns  

1  Mi n or  

2  In co m pl ete  p e n et rat io n  

3  E xtr a p e n et r at ion  

4  In co m pl ete  p e n et rat io n a nd  

 po rosi ty  

5  Por osi ty  

6  N o in dic at ion  

7  In co m pl ete  p e n et rat io n  

8  Mi n or  

9  E xtr a p e n et r at ion  

  

From the results of NDT test, it is found that sample 6 has no 

indication of any weld ing defects. All the other welded jo ints 

have some form of defects in them. Some samples have 

problems like incomplete penetration and porosity in them 

which are some predominant defects found in many welded 

joints. This porosity is main ly because of the gases pressure. 

Incomplete penetration is one of the main reasons of weak 

weld ing joints. Both sample 3 and sample 9 has extra 

penetration in them. Though it many help at some cases, but 

still it is considered as a defect as the strength is reduced a bit. 

Once sample 1 has occurred minor defects becaus e it was 

welded with min imal value o f all parameters. Thus sample 6 

with parameters of 160 amp, 26V and 4 psi gas pressure is 

considered as the best welded joint because of the lack of any 

weld ing defects. 

 

IV. CONCLUS ION 

 

From the experimental study done on MIG weld ing parameters, 

it is found that sample 6 with the parameters of 160 amp welding 

current, 26V welding voltage and 4psi gas pressure has the best 

welded joint in terms of mechanical properties. From the study, 

it is inferred that to obtain good welds of stainless steel and mild 

steel using MIG welding, the voltage has to be set at higher 

voltage and gas pressure has to be min imum. The welding 

current is to be set at median. Thus, these are the optimized 

parameters that are to be set during the process of MIG welding 

of dissimilar steels. 
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