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Abstract— Welding is the process of joining two metals 

together so that bonding takes place at their original boundary 

surface when two parts are to be joined they are melted 

together, temperature, pressure or both are applied with or 

without filler metal to form a metallic bond. This paper 

presents detailed analysis of welding processes practices 

under manufacturing ANF and RVPD pressure vessel. It 

includes section wise analysis plus analysis of welding 

defects occur in various types.  
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I. INTRODUCTION 

Gas Metal arc welding (GMAW) is a welding process in 

which electric arc is form between a consumable wire 

electrode and workpiece metal which heats workpiece metal 

causing them to melt and joint. A shielding gas is also feeded 

through welding gun along with wire electrode which shield 

process from contamination in air. 

 
Fig. 1: (GMAW) 

Gas tungsten arc welding is also known as tungsten 

inert gas welding is a process to produce an electrical arc 

maintain between a non-consumable tungsten electrode and 

the part to be welded. It is an arc welding process that uses a 

non-consumable tungsten electrode to produce the weld. The 

weld area as well as electrode is protected from atmospheric 

contamination as well as oxidation by an inert shielding gas 

that is argon or helium. Filler metal is normally used but, in 

some cases, it is an autogenous weld. 

GTAW is most commonly used to weld thin sections 

of stainless steel and nonferrous metal such as aluminum 

magnesium and copper alloys. It provides stronger and high-

quality weld. 

 
Fig. 2: (GTAW) 

Shielded metal arc welding (SMAW) is a process 

which melt and joint metals by heating them and with an art 

between a coated metal electrode and workpiece. The 

electrode outer coating, known as flux assist in creating the 

arc and provides the shielding gas and slug covering to 

protect weld from contamination. The electrode core provides 

most of the weld filler metal. 

 
Fig. 3: (SMAW) 

A. Surface finish 

Surface roughness is a component of surface texture. 

Roughness can be measured by manual comparison against a 

“Surface roughness comparator” (Sample of known 

roughness) 

Total rejection occurring due to surface finish is 

20.928%. So, it needs to be reduced as it would ultimately 

reduce the rework to be done on it. Surface finish is measured 

in terms of roughness value and improper appearance. The 

roughness value is measured by using RA meter and surface 

comparator. On using surface comparator, accuracy mostly 

depends on the experience of engineers. Improper Aesthetic 

appearance can be observed by unevenness, pitting, shading 

and it is depending on property of material and quality of 

buffing wheel. The most important reason of rework in 

surface finish is not using proper grit size wheel in the 

prescribed manner. 

ex; If the internal surface requirement is of 

0.42micron then the stepwise usage of the grit should be 36 

grit size, 80 grit size, 120 grit size followed by 180 grit size 

and then 240 grit size. 
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After completing analysis based on surface finish it 

was found that surface finish is a subjective matter, and it 

totally depends on the experience of engineers as well as the 

knowledge of using various instrument used for measuring 

surface finish. 

 
Fig. 4: 

Priorly, when analysis was done inspection test wise 

and characteristic wise it was observed that visual inspection 

test when includes weld visual inspection test which includes 

weld visual, surface finish and operational test has the 

maximum percentage of reoffering in decreasing order so 

weld visual become our main topic to be focused. 

II. DATA ANALYSIS 

Figure (5) & (6) shows analysis done on bases of sections in 

the industry. Table number (5) & (6) represents the operations 

and the details of the various section of the firm. 

After performing analysis inspection test wise and 

characteristic wise, weld visual was the main cause of 

reoffering so analysis on the various section of the firm is 

done. According to it section F has maximum percentage of 

acceptance and section K1, Section L and section K2 have a 

highest rate of reoffering in decreasing order. Thus, this 

analysis shows the acceptance and reoffering of the various 

section and more emphasis should be laid on which section. 

 

 
Table 5: 

 
Fig. 5: 

 
Table 6: 

 
Fig. 6: 

As discussed above mainly three types of welding 

i.e. GMAW (Gas Metal Arc Welding), GTAW (Gas Tungsten 

Arc Welding), SMAW (Shielded Metal Arc Welding) were 

practiced more in the firm. So further to find out the various 

causes of reoffering analysis was done typically on each 

welding type. 
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III. GMAW 

 
Fig. 7: 

 
Table 7: 

Figure (7) shows percentage of observed defect in 

Gas Metal Arc Welding, according to it spatter is the highest 

observed with 27.27%, secondly Arc strike with 24.24% 

followed by undercut with 19.69% and the rest other defects 

such as porosity, undercut, reinforcement, heating, pinhole 

etc. 

IV. GTAW 

 
Fig. 8: 

 
Table 8: 

Figure (8) shows percentage of observed defects in 

Gas Tungsten Arc Welding, according to it arc strike is the 

highest observed defect with 26.31%, followed by undercut 

with 23.68%, spatter with 22.36% with rest other defects. 

V. SMAW 

 
Fig. 9: 

 
Table 9: 

Similarly, figure (9) shows percentage of observed 

defects in Shielded Metal Arc Welding, according to it arc 

strike and spatter are two highest observed defects with same 

28.57% followed by undercut, reinforcement and heating 

with 14.28% have defect like porosity, underfill, pinholes and 

the rest other defects are not observed. 
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VI. GTAW + SMAW 

 
Fig. 10: 

 
Table 10: 

As per the requirement clients in certain special 

cases welding types GTAW and SMAW are combining 

practice on one job to get weld joint with high strength and to 

get better weld quality. Figure (10) shows percentage of 

defects observed in this special welding type, in which 

defects like under cut, Arc strike, Spatter and pin holes are 

observed. 

A. Defect analysis of all over weld visual 

 
Fig. 11: 

To get general idea about defects combine graph of all above 

discussed defect is shown in figure (11) in which arc strike is 

the highest observed defect with 25.49% secondly spatter 

with 24.83% and undercut 21.56%. Followed by underfill 

with 9.8%, porosity with 6.5% reinforcement with 5.88% and 

heating, pinholes and various other defects with 1.9%, 1.3% 

and 2.61% respectively. 

VII. CAUSES, PREVENTIVE ACTION & CORRECTIVE ACTION 

OF DIFFERENT WELDING DEFECTS 

A. Undercut 

1) Definition: 

A groove like structure formed by melting of the base metal 

left unfilled by the weld metal. 

2) Causes 

 High arc voltage causes defect. 

 Using wrong electrode or by wrong electrode angle. 

 By usage of large electrode. 

 High electrode speed also results into this defect. 

 
Fig. 12: 

3) Preventive Action 

 Decreasing amperes or volts. 

 Decreasing electrode travel speed. 

 Maintaining proper arc length or wires stick out. 

 Maintaining proper torch/rod angle. 

 Feeding more wire into the puddle while performing 

manual TIG welding. 

 Increasing dwell time on weave beads. 

 Use undercut gauge to assure acceptability. 

4) Corrective action: 

 Grind the weld toe until the unwanted undercut defect 

smoothly mixes with the material at base. 

 In affected area, weld should be repaired if needed. 

B. Arc strike 

1) Definition: 

A discontinuity due to any melted metal, heat effected metal, 

or improper weld profile, surface formed due to an electrical 

arc. 

2) Causes: 

 When arc gets struck but the spot is still left unwelded. 

 Sudden up lifting of the nozzle during welding. 
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Fig. 13: 

3) Preventive Action 

 Before energizing the welding equipment, change the 

useless welding lines and other equipment. 

 Ensure if the ground cable installed properly. 

 Hang the cable lines J type hooks or on trees. 

 Clean gas cups spatter free on core of flux. 

 Don’t allow tips of sub arc to come in contact material 

on base. 

4) Corrective Action: 

 Grind the area of arc strike until it smoothly blends. 

 Repairing of the weld area should be done if needed. 

C. Porosity 

1) Definition: 

When gas gets trapped in the weld while performing the 

process on cooling forms open holes on the weld surface, 

such unwanted holes are known as “pinholes”. 

2) Causes of Porosity: 

 Improper electrode coating. 

 Usage of longer Arc. 

 When increased welding currents. 

 Contaminants present on the surface 

 
Fig. 14: 

Preventive Action 

Proper cleaning of the surface. 

Proper control on the filler metal requirements. 

Proper monitoring of arc length or wire stick out. 

Maintaining proper torch or rod angle. 

Using large size gas cup and keep it spatter free. 

Proper positioning of the wind screens so that air doesn’t 

enter in the weld. 

Corrective Action 

Remove porosity completely from weld areas. 

Complete removal of porosity from all weld areas. 

For the removal of porosity carbon arc should be done or by 

proper grinding 

Repairing of the weld should be done if needed. 

 

Spatter 

Definition 

The metal particles that are left out on the surface and are not 

the weld part are known as “spatter”. 

Causes of Spatter 

High welding current. 

Long Arc 

Improper polarity. 

Improper shielding of the gas. 

Improper gas shielded may also cause this defect. 

 
Fig. 15: 

3) Preventive Action 

 Clean the surface by using contaminants which is 

removed. 

 Control filler metal requirements. 

 Usage of reprisal should be encouraged so that the 

surrounding surface is protected from the secondary 

weld spatter. 

 Adjust amps/volts. 

 Proper Adjustment of Ampere and voltage. 

 Adjust torch/rod angle. 

 Proper adjustment of the torch or rod angle. 

 Appropriate length of arc/wire should be stick out. 

 Proper maintenance of the length of arc/stick out wire. 

 If base material gets magnetized consult welding 

engineer. 

4) Corrective Action: 

Removal of the spatter from all intermediate welds. 

Use needle gun to remove loose spatter. 

Grind all unwanted and unacceptable spatter. 

VIII. PREVENTING ACTION 

 Providing Proper Training Program for Workers and 

Engineers 
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 Training Program includes complete Knowledge about 

welding Position, Causes of Welding Defects, 

Preventing Action and Complete knowledge of WPS 

Standards. 

 Proper work load Distribution among the Workers and 

the Engineers so that work can be completed efficiently 

without causing major problem or errors occurring in 

Various manufacturing process. 

 Continues monitoring system should be implemented. 

IX. CONCLUSION 

 On the basis of the inspection test wise analysis and 

characteristic wise analysis it was observed that visual 

inspection test which includes weld visual, surface finish 

and operational test has the maximum percentage of 

reoffering. 

 Further on detailed analysis of weld visual, Section wise; 

section ‘L’ and section ‘K1’ stood out causing major 

rejection/rework of the product. 

 Analysis done on the basis of welding type i.e. SMAW, 

GMAW, GTAW and the defects occurring in it, Majority 

observed defects were Arc strike, Spatter and Undercut. 
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