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Abstract— MIG (Metal Inert Gas) welding, also known as 

MAG ( Metal Active Gas ) and in the USA as GMAW ( Gas 

Metal Arc Welding), is a welding process that is now widely 

used for welding a variety of materials, ferrous and non 

ferrous. The essential feature of the process is the small 

diameter electrode wire, which is fed continuously into the 

arc from a coil. As a result this process can produce quick 

and neat welds over a wide range of joints. HSLA Steel 

(high strength low alloy steel) is a type of steel alloy that 

provides many benefits over regular steel alloys. In general, 

HSLA alloys are much stronger and tougher than ordinary 

plain carbon steels. They are used in cars, trucks, cranes, 

bridges and other structures that are designed to handle a lot 

of stress, often at very low temperatures. The various 

welding parameters such as current, voltage and arc length 

are varied on RCS 450 steel (alloy steel) and the effect of 

these parameters are studied on leg length and strength of a 

single transverse fillet weld using MIG welding. 

Mathematical model has been developed for relating leg 

length, current, and voltage and arc length. The Leg length 

is measured using a vernier scale and then it is compared 

with the calculated value of leg length that is obtained from 

the mathematical model. The Mathematical Model is 

developed using excel software and minimum value of R2is 

considered to be the fittest model. RCS 450 is used as 

material owing to its application in fabrication industry. The 

material dimension is 70mmx50mmx8mm , and 30 such 

samples are cut using a plasma machine. MIG A convenient 

way to evaluate the performance of mathematical equation 

in presenting the system under investigation is through the 

concept of response surface methodology. It is assumed that 

there exit some functional relationship such as:- Y = f ( 

X1,X2,X3). 

Where Y is the leg Length. 

X1 is the welding current. 

X2 is the welding voltage. 

X3 is the arc length. 

Y is the leg length. 

Keywords: MIG, Arc Length, Leg Length, Single 

Transverse Fillet Weld, Process Parameters, Mathematical 

Model, Throat, Lorch welding Machine 

I. INTRODUCTION 

Welding is a fabrication process that joins materials, usually 

metals or thermoplastics, by causing coalescence. This is 

often done by melting the work pieces and adding a filler 

material to form a pool of molten material (the weld pool) 

that cools to become a strong joint, with pressure sometimes 

used in conjunction with heat, or by itself, to produce the 

weld. 

MIG -Gas metal arc welding (GMAW), sometimes 

referred to by its sub types 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 piece metal(s), which heats the work 

piece metal(s), causing them to melt and join. 

Fillet Joint-Fillet welding refers to the process of 

joining two pieces of metal together whether they be 

perpendicular or at an angle. These welds are commonly 

referred to as Tee joints which are two pieces of metal 

perpendicular to each other or Lap joints which are two 

pieces of metal that overlap and are welded at the edges. 

Weld Geometry (Output Parameters) 

Leg Length(S),Throat (t),Throat Area(A),Penetration(P) 

Process Parameters (Input Parameters) 

Current, Voltage, Arc Length 

 
Fig. 1: Single Transverse Fillet Weld 

F= allowable shear stress *Throat Area(A) 

Throat Area(A)=SL/1.414 

Allowable shear=79.5 MPa(bare electrode) 

Allowable Shear=98.5MPa(Covered Electrode 

A. Advantage of Fillet Weld (MIG) 

 Requires no edge preparation, 

 Takes less time than butt weld,  

 Requires less skill and it is mostly used joint in 

fabrication industry. 

 
Fig. 2: Welding Setup 

1) Welding torch, (2) Work piece, (3) Power source, (4) 

Wire feed unit, (5) Electrode source, (6) Shielding gas 

supply. 

B. SOME IMPORTANT TERMS ASSOCIATED WITH 

WELDING 

1) PENETRATION- It is the distance that the fusion zone 

extends below the original surface of the parts being 

A 

http://en.wikipedia.org/wiki/Fabrication_%28metal%29
http://en.wikipedia.org/wiki/Process_%28science%29
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http://en.wikipedia.org/wiki/Heat
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welded. It is generally recognized that, increase in 

penetration is influenced by welding current, arc 

voltage, and welding speed.  In MIG welding of steel, it 

is observed that penetration increases with the increase 

of wire feed rate, arc voltage, welding speed and nozzle 

to plate distance and decreases with increase in 

electrode to work angle, whereas gas flow rate has no 

effect on penetration. 

2) HEIGHT- It is defined as the maximum perpendicular 

height of the crown above the surface of the base plate. 

It gives the idea regarding the number of passes 

required for filling up a groove weld and its convexity 

has a direct correlation with the strength of the weld 

joint. Reinforcement is influenced by welding wire feed 

rate, welding speed, arc voltage, nozzle to plate 

distance, torch angle and electrode diameter. The weld 

bead height is most effectively controlled by travel 

speed because of the relatively straight line relationship 

between them. 

3) WIDTH -Bead width is the width of the metal deposit 

area on plate over which the arc force is discharged. It 

attributes to the strength of the welded joints. Arc 

voltage has a major influence on bead width. Increase in 

arc voltage results in a longer arc, which in turn, causes 

a wider bead). 

4) LEG LENGTH-The legs are opposite and adjacent 

sides to the triangular fillet weld. The leg length is 

usually designated as the size of the weld.The throat of 

the weld is the distance from the center of the face to 

the root of the weld. 

5) ARC LENGTH-It is defined as the distance from the tip 

of the electrode or wire to the work piece. In lorch 

welding machine  arc length can be varied from 2 to 7 

mm.It is a very important parameter like current, 

voltage and gas flow rate.It is measured in terms of mm. 

Leg length varies when Arc length is  varied. 

II. MATERIAL SELECTION 

HIGH STRENGTH ALLOY STEEL AS BASE METAL. 

High-strength low-alloy steel (HSLA) is a type of alloy 

steelthat provides better mechanical properties or greater 

resistance to corrosion than carbon steel. HSLA steels vary 

from other steels in that they are not made to met a specific 

chemical composition but rather to specific mechanical 

properties. 

RCS 450 –The material used. 

RCS 450 (HSLA), Thickness-8mm, Dimensions-

70mm*50mm. 

Elements C Cr Cu Fe Mn Mo ni P Si S 

Composition(%) .05 14-16 1.75 balance 1 .5-1 5-7 .01 1 .03 

Table 1: Composition of RCS 450 

A. APPLICATIONS 

 Used in making railway bogies. 

 Used in making various mechanical structures 

B. ELECTRODE WIRE 

 The wire used is ER 70S6 

III. TYPES OF WELDING JOINTS 

A. LAP OR FILLET JOINT:  

Obtained by overlapping the plates and welding their edges. 

The fillet joints may be single transverse fillet, double 

transverse fillet or parallel fillet joints. We have used single 

transverse fillet weld for our experiment, so we have 

discussed only about this type fillet joint. 

 
Fig. 3: Single Transverse Fillet Joint. 

B. BUTT JOINTS:  

Formed by placing the plates edge to edge and welding 

them. Grooves are sometimes cut (for thick plates) on the 

edges before welding. According to the shape of the 

grooves, the butt joints may be of different types- 

 ¾ Square butt joint 

 ¾ Single V-butt joint 

 Double V-butt joint 

 ¾ Single U-butt joint, 

 Double U-butt joint 

 
Fig. 4: Types of Butt Joint. 

There are other types of welded joints, for example, ¾ 

Corner joint , ¾ Edge or seal joint , ¾ T-joint. 
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Fig. 5: Other Types of Butt Joint. 
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Developed Mathematical Model To Predict Penetration 

Depth,Height And Width Of A Weld Using Factorial 

Technique. 
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Of The Bead In The Automatic Surfacing Of Stainless Steel’ 

Was Studied By The Authors. Journal Of Materials 

Processing Technology, 41: Pp 381-398. 

Kim I.S, Son K.J, Yang Y.S, Yaragada P.K.D.V 

[19]:. In The Year 2003 ”Sensitivity Analysis For Process 

Parameters In Gma Welding Processes Using A Factorial 

Design Method” Was Done By The Authors. International 
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A. SUMMARY 

Literature review suggests that mathematical models have 

been developed by various authors for BUTT Weld by 

varying Current, Voltage and Gas flow rate and to obtain a 

relationship with 

Penetration 

Bead Width 

Bead Height 

Strength (Butt Weld) 

B. SCOPE OF WORK 

 Mathematical Model could be generated for throat area 

and strength of a fillet weld. 

 Variation of throat, strength with process parameters. 

 Comparison of estimated and observed values of throat 

and strength of a fillet weld. 

 Analysis of HAZ . 

 Developing mathematical model for  shear strength and 

hardness of the fillet weld. 

 Variation of leg length with arc length. 

 Study of Heat Treatment of welded joint(to relieve 

stress). 

 Efficiency of a fillet welded joint and its dependence on 

the various process parameters. 

 Max. load carrying capacity of a fillet welded joint ,its 

variation with process parameters. 

 Max. load carrying capacity of a fillet welded joint ,its 

variation with process parameters. 

 The basis target of this thesis is to develop a 

mathematical model that would relate current, voltage, 

arc length and strength of a filet weld. The experiment 

is conducted on RCS 450 using MIG welding and the 

experimental data so obtained is used to generate 

mathematical model using excel software keeping in 

mind that the minimum value of R2 is to be selected 

V. EXPERIMENTATION AND RESULT ANALYSIS 

A. PROCEDURE 

 30 sample pieces of RCS 450 (50x70x8) were cut using 

CNC plasma. 

 Lorch Welding machine was selected for the 

experiment (MIG Welding). 

 1.2 mm dia electrode wire (ER70S6) was used as the 

filler wire. 

 15  sample pieces were welded using single transverse 

fillet weld. 

 Arc length, Current and and voltage were varied  and 

leg length was measured. 

 The leg length was measured using vernier scale. 

 Mathematical model has been developed with the help 

of Excel software. 

 Mathematical model relates current, voltage, arc length 

and leg length of the fillet weld. 

 The strength of the fillet weld can be calculated from 

the leg length using the formula. 

B. WELDING MACHINE USED  

 
Fig. 6: Lorch Welding Machine 

C. SPECIFICATIONS 

Phase- 3 

Welding Range-5-300(in amperes) 

Main Voltage-400(in V) 

Dimension-483x185x325 

D. PICTURES OF WELDED SAMPLES 

 Fig. 7: Welded Samples 

 Fig. 8: Welded Samples 

E. EXPERIMENTAL DATA 

S

l 
 

Arc Length 

(X3) in mm 

Current(

X1) in A 

Voltage(

X2) in V 

Leg Length 

(Y) in mm 

1  6 180 21.6 7.2 

2  6 190 21.6 7.6 
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3  6 200 21.6 7.7 

4  6 210 21.6 7.1 

5  6 220 21.6 7.4 

6  5 200 21 9 

7  5 200 21 9.3 

8  5 200 22.9 10 

9  5 200 25.2 9.4 

1

0 
 5 200 26 10 

1

1 
 2 220 21.6 7.1 

1

2 
 3 220 21.6 7.5 

1

3 
 4 220 21.6 8 

1

4 
 5 220 21.6 7.4 

1

5 
 6 220 21.6 7.4 

Table 2: Observation Table 

F. GRAPHICAL REPRESENTATIONS BASED ON 

EXPERIMENTAL DATA 

Graph 1: Current vs leg length graph is shown above when 

arc length and voltage are fixed 

Result from the graph: 

Current vs leg length graph is shown above when arc length 

and voltage are fixed.The relation obtained from the graph is 

 Leg Length (Y) = -0.001(Current) + 7.6  

R² = 0.0038 

Equation type-Linear 

Graph 2: Current vs leg length graph is shown above when 

arc length and voltage are fixed. 

Result from the graph: 

Current vs leg length graph is shown abov\e when arc length 

and voltage are fixed.The relation obtained from the graph is 

Leg Length (Y) =7.5952e-1E-04(Current) 

R² = 0.0037 

Equation type-Exponential 

Graph 3: Current vs leg length graph is shown above when 

arc length and voltage are fixed. 

Result from the graph: 

Current vs leg length graph is shown above when arc length 

and voltage are fixed.The relation obtained from the graph is 

Leg Length (Y) = -0.152ln(Current) + 8.2047 

R² = 0.0022 

Equation type-Logrithmic 

Graph 4: Current vs leg length graph is shown above when 

arc length and voltage are fixed. 

Result from the graph: 

Current vs leg length graph is shown above when arc length 

and voltage are fixed.The relation obtained from the graph is 

Leg Length (Y)  = -0.0006(Current)2 + 0.2561(Current) - 

17.986 

R² = 0.2264 

Equation type-2nd order Polynomial 

 
Graph 5: Current vs leg length graph is shown above when 

arc length and voltage are fixed. 

Result from the graph: 

Current vs leg length graph is shown above when arc length 

and voltage are fixed.The relation obtained from the graph is 

Leg Length (Y) = 8.2281(Current)-0.02 
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R² = 0.0021 

Equation type-Power 

Graph 6: Voltage vs leg length graph is shown above when 

arc length and current  are fixed. 

Result from the graph: 

Voltage vs leg length graph is shown above when arc length 

and current  are fixed.The relation obtained from the graph 

is Leg Length (Y) =0.1164(voltage) + 6.8597 

R² = 0.4596 

Equation type-linear 

 
Graph 7: Voltage vs leg length graph is shown above when 

arc length and current  are fixed. 

Result from the graph: 

Voltage vs leg length graph is shown above when arc length 

and current  are fixed.The relation obtained from the graph 

is Leg Length(Y)  =2.7176ln(voltage) + 1.0306 

R² = 0.4766 

Equation type-logrithmic 

 
Graph 8:  Voltage vs leg length graph is shown above when 

arc length and current  are fixed. 

Result from the graph: 

Voltage vs leg length graph is shown above when arc length 

and current  are fixed.The relation obtained from the graph 

is Leg Length (Y) = -0.0455(voltage)2 + 2.2144(voltage) - 

17.064 

R² = 0.609 

Equation type-Polynomial 

 
Graph 9:  Voltage vs leg length graph is shown above when 

arc length and current  are fixed. 

G. Result: 

Voltage vs leg length graph is shown above when arc length 

and current  are fixed.The relation obtained from the graph 

is Leg Length (Y) = 3.8826(voltage)0.2868 

R² = 0.483 

Equation type-Power 

Graph 10:  Voltage vs leg length graph is shown above 

when arc length and current  are fixed. 

Result from the graph: 

Voltage vs leg length graph is shown above when arc length 

and current  are fixed.The relation obtained from the graph 

is Leg Length  (Y) = 3.8826(voltage)0.2868 
R² = 0.4662 

Equation type-Exponential 

Graph 11:  Arc Length vs leg length graph is shown above 

when voltage and current  are fixed. 
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Result from the graph: 

Arc Length vs leg length graph is shown above when 

voltage and current are fixed.The relation obtained from the 

graph is Leg Length (Y)  = 0.05(Arc Length) + 7.28 
R² = 0.058 

Equation type-Linear 

Graph 12:  Arc Length vs leg length graph is shown above 

when voltage and current are fixed. 

Result from the graph: 

Arc Length vs leg length graph is shown above when 

voltage and current are fixed.The relation obtained from the 

graph is Leg Length (Y)  =7.2699e0.0069(Arc Length) 

R² = 0.0644 

Equation type-Exponential 

Graph 13: Arc Length vs leg length graph is shown above 

when voltage and current are fixed. 

Result from the graph: 

Arc Length vs leg length graph is shown above when 

voltage and current are fixed.The relation obtained from the 

graph is Leg Length (Y)  =0.2755ln(Arc Length) + 7.1175 

R² = 0.1335 

Equation type-Logrithmic 

Graph 14:  Arc Length vs leg length graph is shown above 

when voltage and current are fixed. 

Result from the graph: 

Arc Length vs leg length graph is shown above when 

voltage and current are fixed.The relation obtained from the 

graph is Leg Length (Y)  = -0.1357(Arc Length)2 + 

1.1357(Arc Length) + 5.38 

R² = 0.6609 

Equation type-Polynomial 

Graph 15:  Arc Length vs leg length graph is shown above 

when voltage and current are fixed 

Result from the graph: 

Arc Length vs leg length graph is shown above when 

voltage and current are fixed.The relation obtained from the 

graph is Leg Length (Y)  =7.113(Arc Length)0.0377 

R² = 0.1429 

Equation type-Power 

VI. SELECTED MODELS BASED ON MIN R2 VALUES 

Graph 16:  Selected model for variation of current and leg 

length when voltage and arc length remains fixed. 

Graph 17:  Selected model for variation of voltage and leg 

length when current and arc length remains fixed. 
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Graph 18:  Selected model for variation of arc length and leg 

length when current and voltage remains fixed. 

VII. DEVELOPMENT OF MATHEMATICAL MODEL 

 Leg Length(Y) = -0.152ln(Current) + 8.2047,when 

voltage and arc length remains fixed.------ (1) 

 Leg Length(Y) = 0.1164(voltage) + 6.8597,when 

current and arc length remains fixed.-------- (2) 

 Leg Length(Y)  = 0.05(arc length) + 7.28,when voltage 

and current remains fixed.------------ (3) 

 Adding equations 1,2 and 3 we get- 

Leg length= (-0.152ln(Current) + 8.2047+0.1164(voltage) + 

6.8597+0.05(arc length) + 7.28)/3 

Leg length={-0.152ln(Current) + 0.1164(voltage) + 0.05(arc 

length) + 22.3444}/3 

Leg length (Y) =-.05066 

ln(current)+.0388(voltage)+.01666(arc length)+7.4481 

The mathematical model obtained for relating current, 

voltage, arc length and leg length is shown below. 

Leg length (Y) 

=-.05066ln(current)+.0388(voltage)+.01666(arc 

length)+7.4481-----------(4) 

This mathematical model (equation 4) is used to 

calculate the value of leg length for a single transverse fillet 

weld if the values of current, voltage and arc length are 

known. 

The calculated value of leg length is compared with 

the observed value and the error is found for the same. The 

experimental data  is used to calculate the value of leg 

length and then it is compared with the observed value. 

VIII. RESULT OF THE EXPERIMENT 

The result of the experiment shows that the calculated value 

of leg length using the mathematical model is giving an 

error of about 10% and it validates the mathematical model 

that is obtained from the experimental data. The current is 

varied from 180 A to 220 A, the voltage is varied from 21 V 

to 25 V and the arc length is varied from 2 mm to 6 mm. 

Based on the above data mathematical model is 

developed using excel software considering minimum R2 

value.The mathematical model used for the calculation is - 

Leg length (Y) =-.05066 

ln(current)+.0388(voltage)+.01666(arc length)+7.4481. 

IX. FUTURE SCOPE 

The thesis deals with only leg length as an output parameter 

where MIG welding is used for a single transverse fillet 

weld using RCS 450 but a lot of work can be done in future 

based on  

 Strength of fillet joint from leg length. 

 Hardness of welded joint and its relation with strength. 

 Stress analysis of fillet welded joint. 

 Mathematical Modelling of weld geometry. 

 Optimization of hardness and strength. 

 Analysis of Heat Affected Zone. 

 Effect of TIG welding. 

 Effect of welding on various other grades of MS. 

 Micro structure test before and after welding and 

analysis of the same. 

 Development of mathematical model for Robot MIG 

welding and its comparison with manual MIG welding. 

 A better mathematical model could be developed by 

using software like MAT LAB, MINITAB, etc. 

 The amount of error obtained could be minimized by 

using more advanced software. 

X. CONCLUSION 

The experiment was conducted using Lorch welding 

machine and RCS 50 was used as the base metal. welding 

was done using MIG setup with 1.2 mm dia filler wire 

(Er70s6)  .The leg length was measured using a vernier scale 

and then the mathematical model was developed using 

Microsoft excel software. The model with least value of R2 

was selected. The leg length obtained from the mathematical 

model (equation 4) was compared with the observed or 

measured value and the error was found to be around 13%. 
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