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Abstract— Optimization is the discipline of adjusting a 

process so as to optimize some specified set of parameters 

without violating some constraint. The most common goals 

are minimizing cost and maximizing efficiency. This is one 

of the major quantitative tools in industrial decision making. 

When optimizing a process, the goal is to maximize one or 

more of the process specifications, while keeping all others 

within their constraints. AHP is a well-established decision 

making process. Therefore, AHP can help in the decision 

making process for the identification of the EAW parameters. 

The AHP method has the ability to structure complex, multi-

person, multi-attribute, and multi-period problem 

hierarchically. Pair wise comparisons of the element (usually, 

alternatives and attributes) can be established using a scale 

indicating the strength with which one element dominates 

another with respect to a higher-level element. The main 

objective of this of this paper is to develop the relationships 

among the identified EAW parameters using AHP and pair 

wise comparisons of the element (usually, alternatives and 

attributes) can be established then can be translated into 

priority weights (scores). 
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I. INTRODUCTION 

Welding is a process in which two or more parts are joined 

permanently at their touching surfaces by a suitable 

application of heat and/or pressure. Often a filler material is 

added to facilitate coalescence. The assembled parts that are 

joined by welding are called a weldment. Welding is a 

dependable, efficient and economic method for permanently 

joining similar metals. In other words, you can weld steel to 

steel or aluminum to aluminum, but you cannot weld steel to 

aluminum using traditional welding processes. Welding is 

used extensively in all sectors or manufacturing, from earth 

moving equipment to the aerospace industry. In Electric Arc 

Welding, various process parameters interact in a 

complicated manner and their interactions influence the bead 

geometry, bead quality, metallurgical characteristics and 

mechanical properties of the weldment. Classification of 

welding as shown in fig.1.  

 
Fig.1 Classification of welding 

II. ELECTRIC ARC WELDING 

Electric arc welding is one of the fusion welding processes in 

which coalescence of the metal is achieved by the heat from 

an electric arc between an electrode and work-piece. Electric 

arc is generated when electrode is brought into contact with 

the work and is then quickly separated by a short distance 

approximately 2 mm. The circuit operates at low voltage and 

high current so arc is established in the gap due to thermo-

ionic emission from electrode (Cathode) to work-piece 

(Anode). The arc is sustained due to continuous presence of 

a thermally ionized column of gas. This arc produces at 

temperature of the order of 5500oC or higher. In this way a 

pool of molten metal consisting of work-piece metal and filler 

metal is formed in the welding zone. The electrode is moved 

along the joint with perpendicular zig-zag motion. The 

solidified molten weld pool makes the strong welded joint. 

Movement of the electrode relative to work-piece is 

accomplished by either manually or by mechanical means in 

case of automatic welding machines. Better uniformity and 

good quality weldments are possible in case of automatic 

welding process.  

 
Fig. 2: Electric Arc Welding 

A. Arc Welding Equipments: 

Arc welding equipment is listed below. The equipment are 

categorized as facilitator, consumable and protecting 

equipment Some of the equipment of arc welding are same as 

that are used in gas welding like flux, protecting devices and 

cleaning devices, etc.  

 Facilitator Equipment’s are: 

(a) Power source (welding machine) (b) Electrode 

holder (c) Work table (d) Cables (for connection) (e) 

Finishing devices like chipping, hammer, wire brush, etc. 

 Consumable Equipment’s are: 

(a) Electrode (b) Flux (c) Work-piece (d) Filler metal 

 Protecting Equipment’s are: 

(a) Welding shields (b) Goggles (c) Screens (d) Gloves (e) 

Apron 

Some of the components are described below: 

(a) Power Source 
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Both AC (Alternative Current) and DC (Direct 

Current) can be used for welding. AC machines are 

recommended for ferrous metal and DC machines are 

recommended for other metals for better result. Main 

constituent of welding machine is transformer which converts 

the supply to low voltage and high current. For AC welding 

power is required at 80 to 110 volt and 50 to 80 ampere. For 

sustaining the established are power factor is kept low. In case 

of DC welding power is required at 8 to 25 volts and 50 

ampere. Polarity is also are significant factor. Two types of 

polarities are possible in case of DC welding. 

 Straight Polarity 

 Reversed Polarity 

 (b) Welding Electrode 

These are also called welding rods. Two types of welding 

electrodes are generally used. Consumable electrodes and 

non-consumable electrodes. Consumable electrodes are the 

source of filler metal in case of is welding. Consumable 

electrodes can further be classified into two categories coated 

and bare electrodes. Bare electrodes are simple rods mode of 

filler metal with no coating over them. In case of bare 

electrode flux is required additionally. These electrodes are 

rarely used. Bare non-consumable electrodes are used in case 

of gas shielded welding processes.  

 
Fig. 3: Non-consumable Electrode 

 (c) Filler Metal: 

In case of use of non-consumable electrode separate filler 

metal is used to improve properties of weldment. Selection of 

a filler metal depends on the metal to be welded. 

(d) Flux Material: 

Like gas welding flux is also used in arc welding to prevent 

oxidation of hot element. As oxidation of hot metal imparts 

poor mechanical properties of joint. Some flux material as 

discussed in gas welding are used in arc welding. Flux can be 

supplied through coating of electrode or coating on filler 

metal or separately. Sometimes spray of inert gas is used to 

prevent oxidation and no flux is required in such cases. 

(e) Welding Shield: Like gas welding arc welding 

also requires welding shield for the protection of eyes of the 

welder (operator). Additionally, electric arc welding 

generates ultraviolet radiations which may cause permanent 

damage to eyes. Welding shield to be used in case of arch 

welding should be opaque to ultravioletradiation.  

B. Parameters of Electric Arc Welding: 

There are various electric arc welding parameters such as 

electric current, voltage, electrode, work base material, 

nozzle to plate distance, welding speed and notch angles. But 

we are selecting some specific parameters of EAW process 

which are most efficient. In the study of EAW parameters we 

select the welding current, voltage, electrode, notch angle and 

base material.    

 
Fig. 4: Types of Notch 

C.  Advantages of Welding: 

 Welding can be done anywhere 

Different material can also welded  

D. Disadvantages of Welding: 

 Initial investment cost is more 

 Highly skilled operator is required 

 In HAZ zone properties of base material is also affected 

 Some defects are also occurring in welding  

E.  Defects in Welding: 

Some defects are also occurring in welding. These are 

occurring due to improper selection of design, lack of current, 

formation of different oxides and speed. Some of the defects 

are described below. 

 Cold cracking: This is occurring due to the hydrogen 

entrapment and variation of weld composition. 

 Hot cracking: This is due to hydrogen embrittlements 

and high temperature. 

 Weld Spatter: This is due to the high welding current and 

low arc blow. 

 Slug Inclusion: this is formed due to the tapping of 

oxides, fluxes and electrode coating materials in welding 

zone. 

 Weld Porosity: This is due to the atmospheric gases 

inside the molten weld pool. 

 Incomplete Fusion: It is caused by heat and too fast travel 

of torch or electrode.  

III. TESTING 

A.  Rockwell Hardness Testing: 

The Rockwell hardness test method consists of indenting the 

test material with a diamond cone or hardened steel ball 

indenter. The indenter is forced into the test material under a 

preliminary minor load F0 usually 10 kgf. When equilibrium 

has been reached, an indicating device, which follows the 

movements of the indenter and so responds to changes in 

depth of penetration of the indenter, is set to a datum position. 

While the preliminary minor load is still applied an additional 

major load is applied with resulting increase in penetration 

.When equilibrium has again been reach, the additional major 

load is removed but the preliminary minor load is still 

maintained. Removal of the additional major load allows a 

partial recovery, so reducing the depth of penetration .The 

permanent increase in depth of penetration, resulting from the 

application and removal of the additional major load is used 

to calculate the Rockwell hardness number Like the Brinell, 

Vickers, Knoop, Scleroscope and Leeb tests - all of which fall 

in the general  Category of indentation hardness tests - the 

Rockwell test is a measure of the resistance of material, 

specifically metals, to permanent indentation. 
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Fig. 5: Rockwell testing machine 

B. Universal Testing Machine: 

This machine is developed by Keith Cooper and Professor 

Steven Brown at the University of Nottingham. The use of a 

high precision ervo-pneumatic valve in conjunction with a 

low-friction actuator and sophisticated data acquisition and 

control, results in a performance that is equal to many servo-

hydraulic systems. Accurate, digitally generated waveforms 

are applied by the actuator producing repeatable stress 

variations in test specimens that are simulative of those in a 

road pavement due to moving traffic. The actuator is double-

acting allowing both   Compressive and tensile forces to be 

applied. A tri-axial cell system is available for the 

measurement of the resilient modulus of unbound materials. 

 
Fig. 6: UTM Machine 

C. Properties of Material, Chemical Composition: 

There are different compositions of base material. The main 

component is iron within 98%. 

Element Content 

Carbon , C 0.25 – 0.290 % 

Iron , Fe 98.0 % 

Phosphorous , P 0.040 % 

Sulphur , S 0.050 % 

Table 1: Chemical composition 

 
Fig. 7: Work piece 

The table shows the dimension of the work piece which is 

taking place for welding. 

Length 75mm 

Width 50mm 

Thickness 6mm 

Cross sectional area 300 mm2 

Table 2: Dimension OF work piece 

D. Observations:    

The hardness and tensile strength is obtained from the testing 

of components in Rockwell hardening machine and universal 

testing machine. The results of different components are 

listed in table 3 and table 4.  The observation taking place on 

the basis of current value. For calculation purpose we take the 

current value as 125, 150 and 175 ampere.   
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Table 3: shows the UTM Tensile Strength 
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8 6013 60 150 63.3 

9 6013 60 175 66.6 

10 7016 30 325 74.3 

11 7016 45 325 62.8 

12 7016 60 325 72.1 

13 6013 45 325 70 

14 6013 60 325 74 

Table 4: shows the Rockwell Hardness Number 

IV. OPTIMIZATION OF EAW PARAMETERS USING AHP 

A. Introduction:  

AHP is a well-established decision making process (Kreng 

and Wu, 2007). Therefore, AHP can help in the decision 

making process for the identification of the EAW parameters.  

Analytic Hierarchy Process (AHP) Method is one of 

Multi Criteria decision making method, which was originally 

developed by Prof. Thomas L. Saaty.  It is a method to derive 

ratio scales from paired comparisons. The input can be 

obtained from actual measurement such as price, weight etc. 

And, from subjective opinion such as satisfaction feelings and 

preference. AHP allow some small inconsistency in judgment 

because human is not always consistent. The ratio scales are 

derived from the principal Eigen vectors and the consistency 

index is derived from the principal Eigen value.  

B. The Process of AHP:  

The AHP process consists of three stages, with an optional 

concurrent fourth stage as follows:  

Step1: Determining the relative importance of the attributes 

based on various literatures and survey.  

Step 2: Matrix of paired comparison is prepared for attributes 

based on the suggested numbers to express degrees of 

preference between two attributes.  

Step3: Normalized matrix is prepared which shows the paired 

comparisons and calculation of priority weights.  

Step 4: Summary of all paired comparisons and resulting 

priority weight for possible outcomes with respect to each 

attribute is prepared for evaluation of the predicting weight. 

C. Methodology: 

This model is developed using initiation/ institutional, 

acceptance, reutilization and infusion (Rajagopal, 2002). 

Adoption and adaptation modules were regarded as a part of 

the initiation phase where innovation has become legitimized 

and all necessary resources have been directed (Yusuff et al. 

2001). Each module has its determinants or factors that are 

necessary for the particular implementation phase to be 

successful. The AHP method used in this study is adopted 

from Sullivan and Canada (1989-24) and Yusuff et al. (2001). 

This model assumes that each module is independent of each 

other. Once the determinants of each module were identified 

from the literature, pair wise comparisons of the EAW 

parameters can be established using a scale indicating the 

strength with which one EAW parameters dominates another 

with respect to a higher-level element. The degree of 

preference in the choice of each pair wise comparison used in 

this model is quantified on a scale of 1–9. This scaling 

procedure can then be translated into priority weights for 

alternatives evaluation. The express degrees of preference 

between the two parameters a and b used in this model are 

shown in Table 5. 

If a is......as (than b), 
Preference number to be 

assigned is: 

Equally important 1 

Weakly more important 3 

Strongly more important 5 

Very strongly more 

important 
7 

Absolutely more 

important 
9 

Table 5: Preference degree between two parameters 

D. AHP and Model Development: 

The Analytic Hierarchy Process (AHP) is a decision aiding 

method developed by Saaty in 1970. AHP helps for selecting 

the most suitable alternative, which fulfils the entire set of 

objectives in multi-attribute decision-making problem (Wasil 

and Golden, 2003). The AHP process quantify relative 

priorities for a given set of alternatives on a ratio scale, based 

on the judgment of the decision-maker, and the stresses the 

importance of the intuitive judgments of a decision-maker as 

well as the consistency of the comparison of alterative in the 

decision-making process (Saaty, 1994). The strength of this 

approach is its ability to structure complex, multi-person, 

multi-attribute, and multi-period problem hierarchically. 

Many researchers have used AHP methodology in numerous 

fields which have been published in the literature Table 6.The 

AHP provides remarkable versatility and power in structuring 

and analyzing complex multi attribute decision problems. 

Author Details 

Yurdakul 

(2004) 

AHP as a strategic decision-making 

tool to justify machine tool selection 

Ngai and 

Chan (2005) 

Evaluation of knowledge management 

tools using AHP 

Kreng and 

Wu ( 2007) 

Using a fuzzy AHP approach in Taiwan 

stone industry 

Chen et al. 

(2007) 

Using AHP-QFD for semiconductor 

industry in Taiwan 

Sarhan 

(2011) 

Application of AHP in the evaluation 

and selection of an information system 

reengineering projects 

Table 6: AHP as reported in literature 

C1 CURRENT 

C2 BASE MATERIAL 

C3 VOLTAGE 

A1 ANGLE OF NOTCH   30 DEGREE 

A2 ANGLE OF NOTCH   45 DEGREE 

A3 ANGLE OF NOTCH   60 DEGREE 

E1 ELECTRODE   6013 

E2 ELECTRODE  7016 

Z1 ROCKWELL HARDNESS NUMBER 

Z2 TENSILE STRENGTH 

Table 7: Abbreviations 

 
Fig. 8: Hierarchy diagram 
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Fig. 9: Flowchart of AHP Method 

E. Ahp Method Calculations: 

STEP 1:      Comparison of different parameters of EAW 

which are shown in table 8; 

 C1 C2 C3 A1 A2 A3 E1 E2 

C1 1 7 3 3 5 5 5 3 

C2 1/7 1 1/5 1 3 3 3 5 

C3 1/3 5 1 3 5 7 5 9 

A1 1/3 1 1/3 1 1/3 5 3 5 

A2 1/5 1/3 1/5 3 1 7 5 7 

A3 1/5 1/3 1/7 1/5 1/7 1 7 9 

E1 1/5 1/3 1/5 1/3 1/5 1/7 1 1/3 

E2 1/3 1/5 1/9 1/5 1/7 1/9 3 1 

Table 8: Relative comparison of different parameters of 

EAW. 

STEP 2: Finding the Eigen values of the relative 

comparison of different parameters. By using the software we 

find the maximum eigen value. 

λ max = 8.932 

STEP 3:  Find the value of CI: 

                                                   ,    CI = 0.133  

 
STEP 4: find the value of RI. 

n 3 4 5 6 7 8 9 10 

R

I 

0.5

8 

0.9

0 

1.1

2 

1.3

2 

1.4

1 

1.4

5 

1.4

9 

1.5

1 

Table 9: value of RI 

Here matrix is obtained 8x8 order, so that  RI value 

is taken as 1.45. 

STEP 5:  FIND CR 

  CR = CI / RI, CR = 0.133 / 1.45 

  CR = 0.0917    (<0.1), hence comparison of 

parameters are acceptable.  

STEP 6:  (a) Sum of all the column elements of table 

8. 

 C1 
C

2 
C3 A1 A2 A3 

E

1 
E2 

C

1 
1 7 3 3 5 5 5 3 
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1/3 1 1/3 1 1/3 5 3 5 
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2.74

2857 

1

5.

2 

5.18

7302 

11.7

3333 

14.8

1905 

28.2

5397 

3

2 

39.3

3333 

        Table 10: Sum of all the column elements. 

(b) After sum of column elements, divide of all the 

elements by sum of individual column.   

  (c) Then sum of individual row elements and 

divided by order of matrix we get the priority weights of the 

parameters. 

(d) Then ordering of the priority weights. 

After 6(b), 6(c), 6(d) step, we obtained the relative 

weights of parameters which are shown in table 11. 

C1 C2 C3 A1 A2 A3 E1 E2 

0.30

0 

0.10

7 

0.23

3 

0.09

4 

0.12

9 

0.07

8 

0.02

7 

0.03

5 

Table 11: priority weights of parameters of EAW. 

The above table shows the priority weights. C1 

which is the current having the priority weights 0.300 and 

order of rank is one, second is voltage, and third is notch 

angle. These priority weights are calculated on the basis of 

subjective.  

V. RESULTS AND DISCUSSION 

Result and discussion taking place on the basis of different 

notches angle like that 30 degree, 45 degree and 60 degree for 

a particular current, voltage and electrode.   

 
Fig. 10: Strength Vs Current 

 
Fig. 11: Strength Vs Current 
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Fig. 12: Strength Vs Current 

1) Notch Angle = 30: 
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Table 12: Strength Vs Current 

2) Notch Angle = 45: 
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Table 13: STRENGTH VS CURRENT 

3) Notch Angle = 60: 
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Table 14: STRENGTH VS CURRENT 

4) CURRENT = 125A: 
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1. 6013 30 125 400 

2. 6013 45 125 415 

3. 6013 60 125 350 

Table 15: Strength Vs Notch Angle 

 
Fig. 13: Strength Vs. Notch Angle 

5) Current = 150 A: 
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Table 16: Strength Vs Notch Angle 

 
Fig. 14: Strength Vs Notch Angle 

6) Current = 175 A: 
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Table 17: Strength Vs Notch Angle 

 
Fig. 15: Strength Vs Notch Angle 

7) Voltage = 325 V: 
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Table 18: Strength Vs Notch Angle 

 
Fig. 16: Strength Vs Notch Angle 
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VI. DISCUSSION OF RESULTS 

1) At an angle of notch being 30 the strength of welding 

increases with increase in current up to a certain limit and 

then starts decreasing. The fig. 10 shows that the 

optimum welding current is 125A. 

2) At an angle of notch being 45 the strength of welding 

decreases with increase in current from 125  

3) A, thus the optimum current is 125A. 

4) When the notch angle increases the strength first 

decreases with increase in current but after certain limit 

it starts increase again. 

5) At the change in angle of notch keeping all other 

parameters constant the value of strength first increases 

and then decreases. The optimum angle of notch is 45 at 

current being 125A.as shown in fig. 13. 

6) At the change in angle of notch keeping all other 

parameters constant the value of strength first increases 

and then decreases. The optimum angle of notch is 45 at 

current being 150A.as shown in fig. 14 

7) As the current increases with increasing notch angle the 

strength of welding decreases as shown in fig. 15 the 

optimum value of notch angle being 30. 

VII. CONCLUSION 

In this study we use the AHP method to optimize the process 

parameters of EAW.  There are various process parameters 

affecting the bead geometry and the quality of the weld such 

that current, voltage, base material, nozzle to plate distance, 

feed rate, electrode and weld speed etc. these parameters are 

taken for a general developing mathematical models for 

predicting weld bead geometry within the workable region of 

process parameters for EAW.  The welding process variable 

current is the most important parameters of EAW process 

followed by voltage and other parameters but electrode has 

the least valuable parameters of an EAW process.  

VIII. LIMITATION 

The limitations of this model are that the priority weightings 

and evaluation ratings are subjective but use of AHP has the 

great potential for optimum selection of EAW process 

parameters. The AHP can help not only in identifying the 

relative important parameters of EAW, but also enable the 

organizations to focus on these parameters of EAW. It helps 

in determine the potency and priority that should be given to 

each EAW process parameters. By predicting the outcome of 

EAW process parameters, organizations can further improve 

their decision-making process and take appropriate actions to 

avoid any drawback. 
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