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Abstract 

AISI 202 SS (Stainless Steel) has similar mechanical property as compare to AISI 304 SS grade, but its ability to resist corrosion 

is somewhat less as compare to AISI 304 SS grade in chloride environment. But it is very inexpensive so we can use it in indoor 

applications like indoor fabrication, automobile trim and application where atmosphere is not a considerable factor. But there is 

very less research reported on welding of AISI 202 SS grade. In order to find out the weakest locations of the joints and determine 

the optimum MIG welding parameters, this present work aims to demonstrate its MIG weldability and the emphasis is placed on 

the relations of the tensile properties and hardness to the welding parameters. To improve welding quality of Stainless Steel 202 

(SS-202) is welded with MIG welding system by changing different welding parameters. Effect of welding current, gas flow rate 

(CO2) and welding speed on the tensile strength and hardness of the weld joint has been investigated. Optical microscopic analysis 

has been done on the weld zone to evaluate the effect of welding parameters on welding quality. Micro-hardness value of the 

welded zone has been measured at the cross section to understand the change in mechanical property of the welded zone. 

Keywords: MIG Welding Machine, Stainless Steel Alloy 202, Hardness, Tensile Strength 

________________________________________________________________________________________________________ 

I. MIG WELDING SYSTEM 

For proper welding and control on welding parameters welding setup was established. The welding setup consists mainly following 

parts: 

 DC Output Power Source 

 Wire Feed Unit 

 Torch 

 Work Return Welding 

 Shielding Gas Supply, (Normally from Cylinder) 

 
Fig. 3.1: Image of MIG Welding System Welding Setup 
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II. EXPERIMENTAL PROCEDURE AND TESTING 

For the present work, butt welding of Stainless Steel (SS 202) plate (8 mm thickness) done at different current setting, welding 

speed and flow rate of carbon dioxide (CO2) gas keeping voltage constant. Filler material is Super Mig SS-304L. Commercial 

Stainless Steel 202 (SS-202) plate of thickness 8 mm was selected as work piece material for the present experiment. SS-202 plate 

was cut with dimension of 50 mm x 100 x 8mm with the help of band-saw and grinding done at the edge to smooth the surface to 

be joined. [1] After that surfaces are polished with emery paper to remove any kind of external material or dust. After sample 

preparation, SS-202 plates are fixed in the working table with flexible clamp side by side and welding done so that a butt join can 

be formed. 
Table - 3.1 

Welding Parameters of Experiment 

Parameters Range 

Welding Current 100-300 Amperes 

Welding Speed 3-5 mm/minute 

Voltage 250 Volts 

Gas Flow Rate 1-2 litres/minute 

Distance of Tip from Weld Centre 3 mm 

Current Type DC 

Polarity Reverse Polarity (DCEP) 

Table - 3.2 

Chemical Composition of work piece SS-202. 

Grade Chemical Composition (wt %) 

AISI Cr Ni Mn N 

202 17.0 – 19.0 4.0 – 6.0 7.5 – 10.0 0.25 max 

Table - 3.3 

Experimental Planning. 

Sample No. Numbering on Plates Current (Amperes) Gas Flow Rate (Litres/minute) Speed (mm/min) 

1 1-2 100 2 4 

2 3-4 100 1 3 

3 5-6 100 1.5 5 

4 7-8 200 2 4 

5 9-10 200 1 3 

6 11-12 200 1.5 5 

7 13-14 300 2 4 

8 15-16 300 1 3 

9 17-18 300 1.5 5 

Sample 1 consists of two plates which has been numbered 1 and 2 on it which are welded together and so on as shown in figure 

3.2.  

 
Fig. 3.2: Image of Welded Specimens (Samples 1-9) 

 

MIG welding with Direct Current Electrode Positive (DCEP) was used in experiments as it concentrates the more heat on melting 

the filler material in the welding area. The filler material was fed at different speeds from a spool of electrode as welding speed 

varies. Moreover, gas flow rate was also varied and combination for each sample is given in Table 3.3. Before performing the 

actual experiment a number of trial experiments have been performed to get the appropriate parameter range where welding could 

be possible and no observable defects like undercutting and porosity occurred. Super MIG SS-304L electrodes of diameter 4 mm 

was taken as filler material for this experiment. Average tensile strength of wire is 250 MPa due to high nickel content and 

Composition of SS-304L is given in table 3.4. 
Table - 3.4 

Chemical composition filler material SS-304L. 

Grade Chemical Composition (wt %) 

AISI Cr Ni Mn N 

304 18.0 – 20.0 8.0 – 10.5 2.0 max 0.10 max 
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III. TESTING PROCEDURES 

 Tensile Strength Test 

Tensile tests was performed on universal testing machine (FIE make) with maximum load capacity 600 kN at CSIO lab, 

Chandigarh. Maximum tensile strength and toughness was calculated from the stress strains graph plotted during tensile test. 

 Microstructural Study 

After performing the welding tensile test further specimens were cut at the cross section at the weld and microstructure of weld 

pool and heat affected zone was captured at 100X magnification by optical microscope.[2] 

 Vickers Hardness Test 

Micro-hardness measurement was done on weld pool and on heat affected zone (HAZ) for each sample. Before micro-hardness 

measurement cross section of the welded specimen mounted and polished with 220, 600 and 1200 grit size polishing paper 

sequentially. Micro-hardness was measured with Vickers micro-hardness tester (LECO micro hardness tester LM 248 AT). 

IV. RESULTS AND DISCUSSION 

 Effect of Welding Current on Tensile Strength of Specimens 

Tensile test of all the samples are done on Universal testing machine using IS1608 standard. Stress-strain graphs of all the samples 

are compared below at same current values and at different gas flow rate. Figure 4.1 shows the variation of ultimate tensile strength 

of welded specimens with welding current at different gas flow rates and welding speeds. It can be deduced from the comparing 

these graphs that in all the cases highest tensile strength is achieved at highest welding current and tensile strength is increasing 

with increase in welding current.  

 
Fig. 4.1: Variation of Tensile Strength of Specimens with Welding Current at, (a) 2 litres/min Gas Flow Rate, 4 mm/min Welding Speed (b) 1 

litres/min Gas Flow Rate, 3 mm/min Welding Speed (c) 1.5 litres/min Gas Flow Rate, 5 mm/min Welding Speed. 

 

This can be due to generation of more heat in case of high current value affecting the microstructure of weld pool and heat 

affected zone (HAZ) of specimen causing homogeneous and proper fusion of filler metal with base metal [5]. However, the from 

all the cases the highest tensile strength is achieved with combination of welding current 300 Amperes, 1 litres/min gas flow rate 

which is lowest  and 3 mm/min welding speed. At high gas flow rate there is higher concentration of gas around weld pool which 

in turn decreases oxidation of weld pool as discussed by Lakshman et. al. [6]. As we know, generally aluminium oxide is brittle 

and has high tensile strength than the metal itself [8]. This can be the reason that the specimens welded at low gas flow rate show 

high tensile strength and specimens welded at high gas flow rate show low tensile strength. 

 Effect of Gas Flow Rate on Tensile Strength of Specimens 

Figure 4.2 shows the variation of ultimate tensile strength of welded specimens with gas flow rate at different welding current and 

welding speeds. After that surfaces are polished with emery paper to remove any kind of external material or dust.  

After sample preparation, SS-202 plates are fixed in the working table with flexible clamp side by side and welding done so that 

a butt join can be formed. After that surfaces are polished with emery paper to remove any kind of external material or dust. After 

sample preparation, SS-202 plates are fixed in the working table with flexible clamp side by side and welding done so that a butt 

join can be formed. 
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Fig. 4.2: Variation of Tensile Strength of Specimens with Gas Flow Rate at Welding Current  (a) 100 Ampere  (b) 200 Ampere (c) 300 Ampere 

 

 Effect of Welding Speed on Tensile Strength of Specimens 

The welding speed is the rate at which the arc travels along the work- piece. It is controlled by the welder in semiautomatic welding 

and by the machine in automatic welding. The effects of the travel speed are just about similar to the effects of the arc voltage. 

Figure 4.3 shows the variation of ultimate tensile strength of welded specimens with welding speed.  

 
Fig. 4.3: Variation of Tensile Strength of Specimens with Welding Speed at Welding Current  (a) 100 Ampere  (b) 200 Ampere (c) 300 

Ampere 

 

It can be seen that with increase in welding speed ultimate tensile strength is decreasing in all cases. For a constant given current, 

slower travel speeds proportionally provide larger bead and higher heat input to the base metal because of the longer heating time. 

The high heat input increases the weld penetration and the weld metal deposit per unit length and consequently results in a wider 

bead contour and less thermal gradient near weld pool and heat affected zone (HAZ). 

If the travel speed is too slow, unusual weld build-up occurs, which causes poor fusion, lower penetration, porosity, slag 

inclusions and a rough uneven bead. However, in this study we did not go to very low welding speeds but can be seen in literature. 

The lowest tensile strength is achieved in sample 3 at welding speed of 5 mm/min at 100 ampere current and 1.5 litre/min gas flow 

rate due to high porosity which may have occurred due to improper penetration of weld metal at high welding speed. Table 4.1 

shows ultimate tensile strength and percentage elongation of all welded specimens. 
Table - 4.1 

Ultimate tensile strength and toughness per unit volume of all welded specimens 

Sample 

no. 

Welding Current 

(Amperes) 

Gas Flow Rate 

(litres/min) 

Welding Speed 

(mm/min) 

Ultimate Tensile 

Strength (MPa) 

Elongation up to 

Fracture (%) 

1. 100 2 4 366 5.1 

2. 100 1 3 377 3.3 

3. 100 1.5 5 323 2.7 

4. 200 2 4 350 3.3 

5. 200 1 3 402 4.3 



To Study The Effects of Welding Parameters on MIG Welding of Stainless Steel Alloy-202  
(IJSTE/ Volume 4 / Issue 1 / 021) 

 

 All rights reserved by www.ijste.org 
 

135 

6. 200 1.5 5 404 4.2 

7. 300 2 4 412 3.5 

8. 300 1 3 522 5 

9. 300 1.5 5 414 5.2 

 A effect of Welding Current on Hardness of Specimens 

Figure 4.4 shows variation of Hardness of specimens with welding current at gas flow rate 2 litres/min and welding speed 4 

mm/min on heat affected zone (HAZ) and on weld pool. It can be seen that the hardness of weld pool is lower than that of base 

metal or HAZ which is due to the filler metal used has lower yield strength than the base metal and may be because of some 

welding defects. At weld pool the maximum hardness is achieved at 300 ampere current value which can be due to proper fusion 

at high heat input and combination of respective gas flow rate and welding speed.[4] 

 
Fig. 4.4: Variation of Hardness of Specimens with welding Current at Gas Flow Rate 2 litres/min and Welding Speed 4 mm/min on (a) Weld 

Pool (b) HAZ 

 
Fig. 4.5: Variation of Hardness of Specimens with Welding Current at Gas Flow Rate 1 litres/min and welding Speed 3 mm/min on (a) Weld 

Pool (b) HAZ 

 

Moreover, at heat affected zone maximum hardness is achieved at 100 ampere welding current which can be due to fast cooling 

rate and formation of small grains at low heat input. Figure 4.5 shows variation of hardness of specimens with welding current at 

gas flow rate 1 litres/min and welding speed 3 mm/min on weld pool and HAZ. The hardness in this case is somehow lower than 

that of previous case because at lower welding speed there is proper penetration and the weld pool is tougher and ductile which is 

why the hardness is low. However, same as above case the hardness of weld pool is lower than that of base metal or HAZ and 

maximum hardness at weld pool is achieved at 100 ampere current and at HAZ the maximum hardness is achieved at 300 amperes. 

At 200 ampere the hardness is lowest and thus it can be concluded that to achieve welded specimen with low hardness with these 

combination of welding speed and gas flow rate, welding of this alloy should be done at 200 ampere welding current. Figure 4.6 

shows variation of hardness of specimens with welding current at gas flow rate 1.5 litres/min and welding speed 5 mm/min on 

weld pool and HAZ. In this case the average  
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Fig. 4.6: Variation of Hardness of Specimens with Welding Current at Gas Flow Rate 1.5 litres/min and welding Speed 5 mm/min on (a) Weld 

Pool (b) HAZ 

value of hardness is lowest than previous cases which is due to welding of samples at high welding speed which leads to improper 

penetration, improper fusion and porosity which can be seen and discussed in microstructure analysis of samples. 

 Effect of Gas Flow Rate on Hardness of Specimens 

The primary function of shielding gas is to protect the arc and molten weld, pool from atmosphere oxygen and nitrogen. If not 

properly protected it forms oxides and nitrites and result in weld deficiencies such as porosity, slag inclusion and weld 

embrittlement. Thus the shielding gas and its flow rate have a substantial effect on the following: Arc characteristics, Mode of 

metal transfer, penetration and weld bead profile, speed of welding, cleaning of action, weld metal mechanical properties. Fig 4.7 

shows variation of hardness of specimens with gas flow rate at 100 Amperes on weld pool and HAZ. On the weld pool the hardness 

is decreasing with increase in gas flow rate which was expected because at high gas flow rate the tendency of formation of oxides 

and nitrites is very less and generally oxides and nitrites are harder and brittle as compared to their parent metals. However, on 

HAZ surprisingly the maximum hardness is achieved at maximum gas flow rate. Increase in gas flow rate may lead to better 

protection against atmospheric contamination, yielding better quality weld. However, much increase in gas flow rate may cause 

turbulance causing enhanced chance of gas absorption from the surroundings and un-controlled protection of the arc and weld pool 

[6].  

 
Fig. 4.7 Variation of Hardness of Specimens with Gas Flow Rate at 100 Amperes on (a) Weld Pool (b) HAZ 
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Fig. 4.8 Variation of Hardness of Specimens with Gas Flow Rate at 200 Amperes on (a) Weld Pool (b) HAZ 

 

 
Fig. 4.9: Variation of Hardness of Specimens with Gas Flow Rate at 300 Amperes on (a) Weld pool (b) HAZ 

 

Figure 4.8 shows variation of hardness of specimens with gas flow rate at 200 Amperes on weld pool and HAZ. Here on the 

weld pool and HAZ, the hardness is decreasing with increase in gas flow rate and average hardness is less in this case as compared 

to the previous case. Figure 4.9 shows the variation of hardness of specimens with gas flow rate at 300 Amperes on Weld pool and 

HAZ. In this case the hardness is decreasing from 1 to 1.5 litres/min of gas flow rate but maximum hardness is achieved at 

maximum gas flow rate. 

 Effect of Welding Speed on Hardness of Specimens 

It is also suggested by literature that the weld penetration into a base material is increased when the travel speed of a weld is 

increased, and vice versa.  At slower travel speeds, the arc is directly above the centre of the molten weld pool. Consequently, the 

metal that is transferred from the melting filler metal to the weld pool is deposited into the centre of the weld pool.   

When the metal transfer happens in this centered fashion, the weld pool acts as a large cushion to the incoming metal droplets 

and reduces the degree to which the droplets penetrate into the base material. Conversely, at faster travel speeds, the arc is typically 

at the leading edge of the weld pool resulting in the metal transfer droplets directly impacting some of the base material instead of 

just the weld pool [3].   
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Fig. 4.10: Variation of Hardness of Specimens with Welding Speed at 100 Amperes on (a) Weld Pool (b) HAZ 

 
Fig. 4.11: Variation of Hardness of Specimens with Welding Speed at 200 Amperes on (a) Weld Pool (b) HAZ 

 
Fig. 4.12: Variation of Hardness of Specimens with Welding Speed at 300 Amperes on (a) Weld Pool (b) HAZ 
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Table - 4.2 

Hardness of all Welded Specimens. 

Sample 

No. 

Welding Current 

(Amperes) 

Gas Flow Rate 

(litres/min) 

Welding Speed 

(mm/min) 

Sample 

No. 

Hardness 

(HV) 

On Weld 

Pool 

On Weld 

Pool 

1. 100 2 4 208 263 1. 

2. 100 1 3 221 233 2. 

3. 100 1.5 5 213 230 3. 

4. 200 2 4 191 218 4. 

5. 200 1 3 205 233 5. 

6. 200 1.5 5 201 232 6. 

7. 300 2 4 227 245 7. 

8. 300 1 3 210 240 8. 

9. 300 1.5 5 203 227 9. 

This more direct impacting into the base material results in deeper weld penetration as it limits the cushioning effects of the 

weld pool. Figure 4.10 shows variation of hardness of specimens with welding speed at 100 Amperes on weld pool and HAZ. It 

can be seen that at 100 ampere welding current the hardness at weld pool is not changing much with welding speed but at hardness 

at HAZ is varying a lot at 4 mm/min welding speed which is due to cooling rate difference created at different welding speeds. 

Figure 4.11 and Figure 4.12 shows variation of hardness of specimens with welding speed at 200 amperes and 300 amperes welding 

current respectively on weld pool and HAZ. Average hardness in case of 200 ampere welding current is less than that of other 

cases of specimens welded at 100 ampere and 200 ampere welding current. And lowest hardness is achieved at 4 mm/min welding 

speed in case of 200 ampere welding current. However, maximum hardness is achieved at 4 mm/min welding speed in case of 300 

ampere welding current. Table 4.2 shows hardness value at weld pool and HAZ for all the samples. 

V. MICROSTRUCTURE ANALYSIS OF WELDED SECTION 

Microstructure of base metal and at the cross section of the weld was taken by using an optical microscope after proper polishing. 

Microstructures of base metal (SS-202) and welded metal are shown in figure 4.13. Microstructure of base metal contains the 

brighter part which is grain and darker part is grain boundary of SS-202 alloy. The results for the microstructure of weld metal 

stainless steel 202 represents a delta ferrite structure in matrix of austenite in weld metal [Sahil Bharwal and Charit Vyas]. From 

these microstructures it can be clearly observed that base metal near weld pool or HAZ has smaller grains than that of grains at 

weld pool and proper fusion has taken place between weld pool and parent material during welding and there is clear distinction 

of fusion zone and parent material. 

 
Fig. 4.13: Microstructure of SS-202 Alloy (a) Base Metal and (b) Welded Metal. 

 

Moreover, at fusion line it can be clearly seen that grains are in dendrite form. These dendrites action caused micro iron particles 

to melt and migrate, and to become distributed throughout the filler metal zone [f varol]. Low hardness of weld pool can be 

explained by the coarse grains present at weld pool. When subjected to external force, dislocation in any grain can move easily 

within a grain but grain boundaries act as a obstacle in movement of dislocations. Plastic deformation in any material is caused 

due to movement of dislocations and it is easy in coarse grains due to less grain boundaries and as indentation during hardness test 

is a plastic deformation mechanism thus less hardness at weld pool than hardness at HAZ. 

VI. CONCLUSION 

From the experiment of MIG welding of Stainless Steel alloy SS-202 plate following conclusion can be made. Welding strength 

or tensile strength of the weld joints of SS-202 depends on the welding parameters like welding current, gas flow rate, welding 

speed and filler material. At low gas flow rate welded specimens of SS-202 show high tensile strength and low ductility. Welding 

defects like Porosity can drastically affect the properties of welded specimens of SS-202 alloy.  At high welding speed, there is 

high tendency of welding defects and improper penetration of weld metal take place. Hardness value of the weld zone change with 

the distance from weld centre due to change of micro structure especially grain size. Hardness can increase due to two reasons, 

one is due to formation of metal oxides at low gas flow rates and another is due to proper fusion of filler metal with base metal. 
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Lowest hardness is achieved at 4 mm/min welding speed in case of 200 ampere welding current and maximum hardness is achieved 

at 4 mm/min welding speed in case of 300 ampere welding current. Lowest tensile strength is achieved in sample 3 at welding 

speed of 5 mm/min at 100 ampere current and 1.5 litre/min gas flow rate due to high porosity and maximum tensile strength is 

achieved in sample 8 at welding speed 3 mm/min at 300 ampere current and 1 litre/min gas flow rate with 5 % elongation. 
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