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Abstract— With changing trends observed in various 

industrial zones, different types of assembly or structure are 

a major requirement. Consideration of material is also an 

important aspect for different shape and size for these 

structures. There are different kinds of joining processes and 

welding is one such method used in manufacturing process 

chains, either in terms of material or energy consumption. 

Each welding method has its own importance and different 

environmental impacts. Shielded Metal Arc Welding is one 

of the most traditional arc welding methods that makes use of 

a consumable electrode covered with a flux and is highly 

versatile in nature. Most welding methods are performed 

under high temperature conditions, therefore, HAZ a crucial 

part of welded region is most vulnerable to sensitization. 

Properties like brittleness in the HAZ of Low Carbon Steel 

and its relation with the microstructural changes caused due 

to heat input have been a focus of our work. 
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I. INTRODUCTION 

Manufacturing is an art of invent by transforming raw 

material into finished product. Welding, which is the most 

reliable, efficient and practical metal joining process is 

widely used in the manufacturing sector. In welding, melting 

of the parent metal occurs due to high heat generation and a 

filler material is used to join the metal forming a molten weld 

pool. On cooling, it forms a joint and the welded portion 

becomes stronger than the parent metal. 

The welding processes are mainly divided into four 

categories, such as, arc welding, solid state welding which 

consists of cold welding, explosive welding, diffusion 

welding, friction welding and ultrasonic welding, resistance 

welding and other welding processes such as electron beam 

welding. For our work, we went ahead with arc welding 

because it is most suitable process for metal alloys and 

requires less expensive process equipments. It is further 

classified into shielded metal arc welding (SMAW), tungsten 

inert gas (TIG) welding and metal inert gas (MIG) welding. 

We opted for SMAW because of its simplicity and its variety 

of applications readily applied to a wider choice of electrodes. 

The major factors for microstructural changes in the HAZ, 

considering the study of mechanical properties are: 

 Experimental Procedure 

 Welding Parameters 

Therefore, one of the purposes of this work is to investigate 

the effect of filler materials in SMAW process. For this 

reason, two different electrodes were used to join the low 

carbon steel specimen according to standard condition. The 

microstructures of these specimens were analyzed and 

compared for the two filler materials after welding procedure.  

II. EXPERIMENTAL PROCEDURE 

A. Welding Equipments 

 Welding machine 

 Arc welding rods (E-6013 & E-7018) 

 Low carbon steel pieces cut according to standards (IS 

2062) and a slag hammer  

B. Safety Equipments  

 A pair of Gauntlet gloves 

 Pair of pliers 

 Arc welding shield or a helmet with #10 shaded lens 

 A bucket of water 

 Safety goggles with shatter proof lenses 

 Appropriate clothing (Long sleeve shirt, full length 

pants, leather shoes, no frayed clothing) 

 
Fig. 1: Welding Equipments 

 
Fig. 2: Safety Equipment 
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C. SMAW Methodology 

The actual welding technique utilized for this process 

depends on the electrode, the composition of the work-piece 

and the position of the joint being welded. The choice of 

electrode and welding position also determine the welding 

speed.  

The operation set up consists of the following steps: 

1) Prepare a V-groove, taking 30degrees on each of the 

pieces to be welded 

2) Clean the work-piece 

3) Clamp the work close to the weld 

4) Insert the electrode into the insulated holder 

5) Strike an electric arc for starting the SMAW operation 

and check if the electrode was at a convenient distance 

from the base metal 

6) Melting of the work-piece and the consumable electrode 

occurs, causing droplets of the electrode to be passed into 

the weld pool 

7) The flux coating disintegrates, giving off vapors to 

protect the weld area from external atmospheric gases 

8) While solidification takes place, the slag floats to the 

surface and protects the weld from contamination 

D. Analysis of the Welded Joints 

 
Fig. 3: Specimen 1 

 
Fig. 4: Specimen 2 

 
Fig. 5: Specimen 3 

1) The first welded specimen had a current of 110 Amp and 

E-6013 with 3.15 mm diameter was used. As it can be 

seen in the figure, lack of fusion as well as lack of 

penetration was observed so we changed the parameters 

for the next specimen. 

2) The second welded specimen had a current of 110 Amp 

and E-6013 of 4 mm diameter was used. Again, lack of 

fusion was observed in it and therefore, some more 

changes in the controlling parameters had to be done. 

3) For the third specimen, 1st pass was prepared with a 

current of 75 Amp and E-6013 with 3.15 mm diameter 

was used; while the 2nd pass was carried out with a 

current of 110 Amp, E-7018 with 4 mm diameter. 

Therefore, this time the problem of lack of fusion or 

penetration was not observed.  

Hence, we moved ahead with our study on the 

mechanical characteristics and metallurgical analysis of 

the third welded specimen. 

III. WELDING PARAMETERS 

A. Welding Current 

It controls the deposition rate on the parent metal due to the 

melting of electrode. When the current is less, there is less 

penetration since the electrode wouldn’t have burnt 

completely, releasing more amounts of fume coming out. 

While, high current could cause excessive burning of 

electrodes, hence, increase in deposition rate can be seen. 

B. Welding Speed 

The rate of travel of electrode along the welding seam is 

known as welding speed. Increasing the speed beyond the 

optimum value decreases the penetration. Increase in welding 

speed also results to decrease to heat input per unit length as 

well as decrease in the weld reinforcement.  

C. Arc Voltage 

The potential difference between the electrode tip and the 

work-piece is created due to a set value of arc voltage. 

Increasing the arc voltage increases the arc length, thus, more 

heat is available to melt the metal and the flux. The voltage 

has no significant effect on penetration or reinforcement but, 

bead width increases with increase in voltage. 

 
Fig. 6: Welding Current 
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Fig.7: Welding Speed 

 
Fig. 8: Arc Voltage 

IV. LITERATURE REVIEW 

Farzeen Shahid et al. [7] have tested on different methods of 

welding such as explosive welding, cold welding, arc 

welding, etc. for two dissimilar metal welds. The study shows 

that it is important to check the tensile strength of the 

weldment and the factors affecting the strength of the weld. 

The major problem occurs when dissimilar metal welds form 

inter-metallic compounds at the interface, thus, affecting the 

properties and efficiency of the weld. From this study, they 

have suggested that in order to improve the strength of 

dissimilar metal welds, intermediate layers at the interface 

can be used. 

Rohan et al. [4] have used arc welding procedure to 

join a metal of industrial low carbon steel. Their work is based 

on the changes in the microstructure and properties due to 

heat generation and the heat affected zone during the welding 

process. The study explains that when the time taken is more, 

the transformation of heat will be more on the plate that 

affects the grain structure near the weld metal, prolonging the 

heat affected region. Hence, the heat involvement changes the 

strength of the weldment and a Widmanstatten pattern is 

observed in the heat affected zone. 

Vijayesh Rathi et al. [5] described about how the 

micro-hardness of the weld metal and HAZ increases when 

low heat input is employed. They have also stressed on the 

importance of multi-pass weld when the plate thickness 

exceeds the limitations of two-pass techniques. Each weld 

pass must be slightly convex so as to assist in slag removal 

and avoid weld cracking.  

Alireza Sadegahi et al. [2] have their main purpose 

in exploring the effect of filler materials in SMAW. They also 

speak about the microstructure of Martensitic phase at the 

interface of the welded area caused due to high alloying 

elements such as chromium.  

Zakaria Boumerzoug et al. [1] investigate on the 

effect of welding on industrial low carbon steel used for 

making gas storage cylinders. The variation in properties 

across the weld can be attributed to several factors, mainly to 

residual stresses just after welding. However, other factors 

that contribute to the hardening of weld metal and HAZ are 

grain size, phase composition and metallic inclusions. 

Om Prakash Satyam et al. [6] concentrate on 

multiple controlling parameters which lead to change in 

mechanical properties such as hardness, impact strength, 

tensile strength as well as microstructural changes. The 

conclusion derived from this study is that as current increases, 

there is increase in hardness and small decrement in impact 

strength of the welded specimen. 

Talabi et al. [3] explain how welding involves a wide 

range of variables such as time, temperature, electrode, pulse 

frequency, power input, and welding speed that influence the 

eventual properties of the weld metal. Increase in arc voltage 

and welding current result in increased hardness values and 

decreased yield strength, tensile strength and impact 

toughness. 

V. RESULT  

During this research the change in mechanical properties and 

microstructure at various process parameters have been 

investigated. The final specimen was prepared 

(300*300*6mm) having 1st pass with a current of 75 Amp and 

E-6013 with 3.15 mm diameter; while the 2nd pass was carried 

out with a current of 110 Amp, E-7018 with 4 mm diameter. 

Therefore, lack of fusion or lack of penetration was not 

observed. The controlling parameters have really affected the 

weld quality of our third specimen and the following results 

have been derived:  

1) As current increases, ferrite gets converted into 

cementite and martensite.  

2) Small increment in hardness, tensile strength and impact 

strength can be observed with minor increase in the 

welding speed. 

3) Increase in heat input has also lead to increase in 

hardness, tensile strength and impact strength. 

 
Fig. 9: Microstructure of Parent Material 
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Fig. 10: Microstructure of HAZ 

A. Parent Metal 

The original material of IS 2062 had pearlite and ferrite in its 

grain boundaries. The parent metal had depicted the pearlite 

rich area, also known as banding, with low magnification. 

This phenomenon of banding was due to the presence of 

alloying elements such as chromium and molybdenum 

segregated in these areas. 

B. Heat Affected Zone 

In order to clarify the effect of welding on the plates, the 

microstructures were observed using optical microscopy. The 

presence of very large grains along the fusion lines could be 

seen along the direction of heat flow. The HAZ contains 

Widmanstatten Ferrite and some colonies of pearlite. It can 

also be termed as a solid state phase transformation. 

Phenomena such as grain growth and recrystallization occur 

in the HAZ of steel welds with two phase transformations 

during cooling. 

VI. CONCLUSION 

The study represents the effect of shielded metal arc welding 

on IS 2062, having 0 .20% Carbon content. The 

microstructures for both, HAZ as well as parent metal have 

been analyzed. The HAZ contains Widmanstatten Ferrite and 

smaller colonies of pearlite. We have observed that banding 

occurs along a certain preferred crystallographic directions. 

Hence, the hardness and brittleness have been affected due to 

varying controlled parameters.  

VII. APPLICATIONS 

Application of welding are generally found in many fields 

and some of them are as follows: 

 
Fig. 11: Bridges 

 
Fig. 12: Aircraft Construction 

 
Fig. 13: Automobile Construction 

 
Fig. 14: Pressure Vessels 

VIII. FUTURE SCOPE 

During this research three welding parameters, viz. welding 

current, welding speed and arc voltage have been investigated 

for two different kinds of electrodes. Likewise, some other 

controlling parameters can also be studied for similar or 

different mechanical properties. In a similar pattern, some 

other kind of welding methods, like TIG or MIG, can be opted 

for understanding the variations in microstructure and 

mechanical properties. 
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