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ABSTRACT:  

Mechanical properties of weld joint is strongly influenced by process parameters during welding process. The 

present experimental study highlighted the effect of various electric arc welding parameters on the weld bead 

hardness (BH) of weld metal and depth of weld bead penetration (BP). The purpose of this paper is to determine 

the optimum welding parameters for achieving the highest weld bead hardness and depth of penetration in range 

of parameters. Taguchi‟s L9 standard orthogonal array is selected for experimental planning. The experimental 

result analysis showed that the combination of higher levels of included angle, lower level of bevel height and 

lower level of groove opening is essential to achieve maximum weld bead hardness of weld joint.  

Keywords: Welding parameters, shielded metal arc welding (SMAW), weld bead hardness, weld depth of 

penetration Taguchi L9 OA, Regression modelling 

 

I. Introduction 
Electric arc welding is performed with the 

heat of an electric arc that is maintained between 

the end of a coated metal electrode and the work 

piece. Now a day, welding is extensively used in 

fabrications of automobiles, aircrafts, ships, 

electronic equipment, machinery, and home 

applications etc. as an alternative of casting or as a 

replacement of riveted or bolted joints. The main 

advantages of shielded metal arc welding are that 

high-quality welds are made rapidly at a low cost. 

In shielded Metal Arc Welding process a covered 

metal electrode is used and shielding is achieved 

from the gas that the result of decomposition of 

electrode covering. Globules of molten metal 

should not be allowed to come in contact with 

oxygen and nitrogen, other wise harmful oxide and 

nitride will form in the weld. Length of arc is the 

distance between the tip of the electrode and the 

work surface upon which the molten globules are 

deposited. 

 

II.   Material and method 
Due to widely use in industrial and domestic 

Application, welding specimens were prepared from 

low carbon mild steel plates Containing 0.06% 

carbon, 0.09% silicon, 0.37 % manganese, 0.063 % 

phosphorus, 0.065 % sulphur. Having 100*50*6 mm 

size was used as base metal to provide a single butt 

joint configuration. The mild steel electrode also was 

selected as filler metal. In this study three welding 

parameters were taken at three ranges which is 

included angle (A): (40, 50, 60 deg.), bevel height 

(B): (1, 2, 3 mm) and groove opening(C): (1, 1.5, 2 

mm).The some welding parameters such as current 

type input voltage, output voltage, supply phase, 

electrode diameter, electrode angle to work piece, 

electrode to work piece distance etc.were constant 

during experiments. The welding has been done 

according to Taguchi L9 orthogonal array. After the 

welding process the hardness of the weld bead and 

weld bead penetration were measured in order to find 

out the effect of welding parameters on weld bead 

hardness and penetration. All tests were performed on 

Rockwell Hardness Testing Machine for measured 

weld bead hardness. Taguchi uses the S/N ratio to 

measure the quality characteristics deriving from 

desired value. The S/N ratio is defined as given 

equation. 

 

For larger the better  

S/N Ratio = -10 Log10 1/n (  1/ Yi
2
 +…1/ Yn

2
  )  

For smaller the better 

S/N Ratio = – 10 Log10 1/n (   Yi
2
 +…. Yn

2
 )  

All the three level of every factor are equally 

represented in the nine experiments. 

 

III.    Experiment & Data Analysis 

Totally 9 experiments with different 

included butt angle, bevel height and groove 

opening combination were performed and weld 

bead hardness, weld reinforcement and weld depth 

penetration was measured for all cases. The result 

is shown in Table1.  
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TABLE.I. L9 Standard orthogonal Array 

Exp./ 

Parameter 

Para.1 Para.2 Para.3 Para.4 

1 1 1 1 1 

2 1 2 2 2 

3 1 3 3 3 

4 2 1 2 3 

5 2 2 3 1 

6 2 3 1 2 

7 3 1 3 2 

8 3 2 1 3 

9 3 3 2 1 

 

TABLE.II.Parameter combination & Response 
Exp 

.No 

A B C BH BP 

1 1 1 1 40 5.5 

2 1 2 2 36 5.5 

3 1 3 3 33 5.4 

4 2 1 2 30 5.6 

5 2 2 3 32 5.7 

6 2 3 1 29 5.3 

7 3 1 3 27 5.9 

8 3 2 1 25 5.7 

9 3 3 2 22 5.6 

Mean(M) - - - 30.444 5.577 

 

TABLE.III.S/N Ratio for BH, BP 

Exp. No. BH BP 

1 32.041 14.807 

2 31.126 14.807 

3 30.370 14.647 

4 29.542 14.963 

5 30.102 15.117 

6 29.247 14.485 

7 28.627 15.417 

8 27.958 15.117 

9 26.848 14.963 

Mean(m) 29.540 14.924 

 

TABLE.IV. Mean response for BH 

Parameter/Leve

l 

Level1 Level 2 Level 

3 

A 36.333 30.333 24.666 

B 32.333 31.000 28.000 

C 31.333 29.333 30.666 

 

 

 

TABLE V. Mean response for BP 

Parameter/Level Level1 Level 2 Level 

3 

A 5.466 5.533 5.733 

B 5.666 5.633 5.433 

C 5.500 5.566 5.666 

 

TABLE.VI. S/N response for BH 

Parameter/Lev

el 

Level1 Level 2 Level 3 

A 31.179 29.630 27.811 

B 30.070 29.728 28.821 

C 29.748 29.172 29.699 

        

TABLE.VII. S/N response for BP 

Parameter/Level Level1 Level 2 Level 

3 

A 14.753 14.855 15.165 

B 15.062 15.013 14.698 

C 14.803 14.911 15.060 

 

IV.   Result comparison & Discussion 
Totally 9 experiments with different 

included, bevel height and groove opening 

combination was performed and optimization 

situation and their value were measured for weld 

hardness and weld depth penetration. The optimum 

level for a factor is the level that gives the highest 

value of parameter in each level in the experimental 

region denoted by bold letter.  

 

Experimental result for BH: 

Optimum situation for weld bead hardness 

is obtained on Level-A1B1C1.and maximum 

hardness is obtained on this level is 40 HRC. And 

experimental S/N Ratio for Hardness is 32.041 DB. 

 

Taguchi Prediction Result for BH: 

Optimum situation is obtained on A1B1C1 

level and maximum hardness on this level is 

A1+B1+C1-2M = 39.111 HRC. And predicted S/N 

Ratio for hardness is 31.917 DB. 

 

Regression Modeling Result for BH: 

  To generalize the results the modeling of 

input parameter and output parameters is done 

using RESSION MODELLING and MATLAB 

software R2011B. 

 

C0 = 7.1786, C1 = - 0.9488, C2 = - 0.1226, C3 = - 

0.0183 

 

 BH = Antilog (C0) * (Included angle) 
C1

* (Bevel 

height)
 C2

* (Groove opening)
 C3 
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 BH = Antilog (7.1786) *(Included angle) 
– 
0.9488 

* (Bevel height)
 – 

0.1226 * (Groove opening)
 – 0.0183 

                      

BH = 39.59 HRC.  

Experimental Result for BP:  

Optimum situation for weld bead 

penetration is obtained on Level A3B1C3.and 

maximum penetration is obtained on this level is 

5.9 mm and experimental S/N Ratio for BP is 

15.417 DB. 

 

Taguchi Prediction Result for BP:                        

Optimum situation is obtained on Level 

A3B1C3 and maximum weld penetration on this 

level is A3+B1+C3-2M = 5.9 mm. And predicted 

S/N Ratio for BP is 15.437 DB. 

 

Regression Modeling Result for BP:                                
C0 = 1.2780, C1 = 0.1142, C2 = - 0.0347, C3 = 

0.0420  

BP= Antilog (C0) * (Included angle) 
C1

* (Bevel 

height)
 C2

* (Groove opening)
 C3 

 

BP = Antilog (1.2780) *(Included angle) 
0.1142

 * 

(Bevel height)
 – 

0.0347 * (Groove opening)
 0.0420 

                         

BP = 5.89 mm. 

Effect of included angle on the weld bead hardness 

shown by graph below 
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Effect of bevel height on weld bead hardness 

shown by graph below 
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Effect of groove opening on weld bead hardness 

shown by graph below 
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V.      Analysis of variance 

  The main effect of analysis of variance 

(ANOVA) is to investigate the design parameters 

and to indicate which parameters are significantly 

affecting the output parameters. In the analysis the 

sum of square and variance are calculated. F-test 

value at 95 % confidence level is used to decide the 

significant factors affecting the process and 

percentage contribution is calculated.                                                                   

 

TABLE.VIII. ANOVA for BP 

Sy

mb

ol 

Param

eter 

D

O

F 

SS MS F-

value 

%  C. 

A Includ

ed 

angle 

2 0.27

3 

0.13

6 

21.0 44.53

5 

B Bevel 

height 

2 0.23

1 

0.11

5 

17.76

9 

37.68

3 

C Groov

e 

openin

g 

2 0.09

6 

0.04

8 

7.384 15.66

0 

Err

or 

 2 0.01

3 

0.00

6 

 2.120 

Tot

al 

 8 0.61

3 

0.30

5 

 100 
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TABLE.IX. ANOVA for BH 

Sy

m

bo

l 

Param

eter 

D

O

F 

SS MS F-

value 

%  C. 

A Includ

ed 

angle 

2 17.0

49 

8.52

4 

59.19

7 

83.41

4 

B Bevel 

height 

2 2.49

3 

1.24

6 

8.656 12.19

7 

C Groov

e 

openin

g 

2 0.60

9 

0.30

4 

2.114 2.979 

Er

ro

r 

 2 0.28

8 

0.14

4 

 1.409 

To

tal 

 8 20.4

39 

10.2

18 

 100 

 

VI. Conclusion 
This paper has presented an investigation 

on the optimization and the effect of welding 

parameters on the weld bead hardness and depth of 

weld bead penetration of electric arc welding mild 

steel sheet. The level of importance of welding 

parameters on the depth of weld bead penetration 

and weld bead hardness is determined by using the 

ANOVA. Based on ANOVA method, the highly 

effective parameters to depth of penetration in 

decreasing order is included angle, Bevel height 

and groove opening. And highly effecting 

parameters to weld bead hardness in decreasing 

order is included angle, Bevel height and groove 

opening. An optimum parameters combination for 

the maximum depth of penetration and hardness 

was obtained by using analysis of S/N ratio. 

 

VII.    Summary 
In the present work the relation between 

weld bead hardness and weld bead penetration and 

various process parameters namely included angle, 

bevel height, groove 

opening has been developed. 
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