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Abstract— the welding of commercial steel or mild steel is a 

common manufacturing process in industry and private sector. 

However, the constant demand for quality welding is 

continuous. It prompt for investigations and assessment on the 

welding properties. The mechanical properties such as tensile 

strength, hardness and toughness are crucial in determining 

the welding condition. A welding technique such as gas meal 

arc welding (GMAW) is an emerging manufacturing process 

that is known in industry, for effective and quality products. 

The welding factors such as welding current, welding voltage, 

Gas flow rate, wire feed rate, wire size and welding speed are 

crucial in determining the target welding. In order to find 

optimum welding conditions for better performance and 

quality welding, Taguchi’s design or orthogonal array is an 

effective and reliable optimization tool that requires minimum 

runs. In this work, GMAW has welded mild steel under 

predetermined factors of groove-shape, welding voltage and 

wire feed speed (WFS). The analysis found that higher FZ 

hardness has higher welding transverse tensile strength 

welding. In addition, higher tensile strength shown at lower 

welding voltage, WFS and at V groove shaped base metal. The 

increased interpass heat input has shown higher FZ hardness 

and welding tensile strength. The welding voltage at 20 V 

followed by WFS at 5.9 m/min shown higher effect on the 

welding transverse tensile strength and higher means. While 

the groove shape V shown minimum effect on the responses 

and minimum means The optimum welding combination for 

higher welding transverse tensile strength are 20 V, 5.9 m/min 

and base metal groove shape V. 

Keywords—GMAW, Mild steel, Tensile strength, Hardness, 

Taguchi’s design 

I. INTRODUCTION 

Mild steel or commercial steel also referred as low 

carbon steel is intensely used in industry for a variety of 

applications and in welded conditions. The metal properties 

such as tensile strength, hardness and toughness are 

important aspects to sustain the welding of the metal. 

Especially in load bearing conditions [1]. 

Gas metal arc welding (GMAW) is a well-known 

manufacturing process that is inevitable in the industrial 

sectors used widely for welding ferrous and non-ferrous 

metals. The gas used to shield the molten weld pool can be 

inert like argon or helium or active like carbon dioxide and 

oxygen. GMAW is practical for carbon steel, stainless steel, 

alloy steel and aluminum alloys. The metal transfer across 

arc experience short circuit, globular, spray or pulsed 

transfer. The result weld depends on welding current, arc 

voltage, base metal and filler composition, size the of filler, 

nozzle travel speed, and gradient and flow rate of shielding 

gas. GMAW can perform on the butt joint, corner joint, 

edge joint, lap joint and T-joint [2], [3]. 

The Taguchi’s design is a technique suggests a design 

method called an orthogonal array that study more factors or 

factor space with a lesser number of experiments than 

Factorial Design of Experiments [4]. It measures the 

characteristics’s performance that is called signal-to-noise 

(S/N) ratio. The S/N ratio is a logarithmic function, also 

called inverse of variance. The process optimization 

involves minimizing the variability, because in maximizing 

the S/N ratio, the variability of the process is reduced 

against the undesirable changes in noise parameters. 

Therefore, the chosen parameters should demonstrate 

maximum S/N ratios in order to get minimum variability. Its 

determination falls under one of three categories. Nominal 

the best, larger the best and smaller the best [5], [6]. 

Taguchi’s design is considered simple; however, it is 

increasingly used in manufacturing industries [7]. 

Several researchers studied the optimization of GMAW 

process factors by Taguchi’s design for higher tensile 

strength and hardness of mild steel. For instance, studies 

found that welding current had a major influence on the 

tensile strength of the welded mild steel [8], [9]. While 

others reported similar influence on tensile strength of 

welding by the arc voltage [10], [11], welding speed [9] and 

WFS [12], [13]. 

It was reported that weld bead or fusion zone (FZ) that 

has higher tensile, has also higher hardness [8], [14], [15]. It 

was shown by other studies that the tensile strength of FZ 

has decreased with the increased welding current [1], [16], 

voltage [1] and base metal thickness [17]. Others concluded 

that higher hardness of welding shown at higher welding 

current, voltage [1] and welding speed [1], [16]. However, 

Yada et al. [17] and Khamari et al. [18] reported that 

hardness increased at lower welding current and voltage 

[17], [18]. Bhatt et al. [16] showed that shielding gas with a 

mixture of 80 % argon and 20 % carbon dioxide show 

higher welding tensile strength. In general, studies 

concluded that welding that has higher tensile has also had 

higher hardness [8], [11], [12], [13], [14], [15]. However, it 

was also shown that welding that has higher toughness and 

tensile strength has lower hardness [1], [19]. Numerous 

studies concluded that an increased welding current, voltage 

and WFS have increased the heat input of the welding, 
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which led to increase the internal stresses in welding FZ and 

the heat-affected zone (HAZ), that consequently 

deteriorated the mechanical properties of welding [15], [17], 

[20]. Multiple studies showed the base metal has lower 

hardness than FZ [17], [18], [21], [22], [23]. 

This study discusses the effect of groove shape, welding 

current, and speed on the transverse tensile strength and 

hardness of mild steel welding made by GMAW. The 

welding current and speed selected due to they were 

reported to effect on the welding properties. While the 

groove-shape to observe how the difference in groove shape 

of the base metal two-ends affect the transverse tensile 

strength and hardness of FZ. Taguchi’s design is made to 

optimize the welding factor to obtain for more effective 

combination for higher transverse tensile strength of 

welding. 

II. MATERIALS AND EXPERIMENTATION 

The mild steel or the base metal is non-alloy structural 
steel European standard EN 10025-2, grade S235JR (1.0038) 
brought from the local market was prepared by a CNC laser 
cutter router in the Tasamim workshop at Benghazi. The 
tensile strength samples prepared according to the American 
society of testing materials (ASTM) E8 / E8M [24]. Fig. 1 
present a graphic illustration of the tensile strength sample 
showing the transverse welding and the groove shape 
configurations V and X each open has an angle of 60°. The 
hardness test conduct on other similar samples on the cross-
sectioned weld bead. The welding of the samples was 
fabricated in Saad Elkarimi Institute of Technology in 
Benghazi. The welding was processed using welding power 
supply CEA MAXI 321 utilizing NEXUS copper-coated 
mild steel wire that has a thickness of 0.045 in (1.143 mm) as 
welding filler. The shielding gas used is composed of 82% 
argon and 18% carbon dioxide with a flow of 18 ml/min. The 
current is estimated to be 120 A at 20 V and 270 A at 27.5 V. 
The welding made manually with both hands with an 
approximate welding speed of 150 mm/min. The samples are 
fixed on a welding table with clamps. The number of passes 
made for each groove-shaped base metal is shown in Fig. 2 
at higher WFS. Knowing that at lower WFS more passes 
were applied. Table I lists the composition of the base metal 
and filler wire. Table II shows the tensile strength and 
hardness properties of the base metal and filler wire. 

The welding current, welding speed and groove shape 

are the factors used for the welding process each has two 

levels as listed in Table III. The welding current is estimated 

to be 120 A at 20 V and 270 A at 27.5 V accoding to the 

welder manual. The experiment layout follows the 2-level’s 

three factors resulting in a total of 8 runs (Table III). This 

method is known as Taguchi’s L8 array. Table IV shows the 

Taguchi design layout current and welding speed were 

constant. Table V contains the experimental actual values 

with the responses results, the tensile strength and hardness 

values. The analysis was made by Minitab 18®. 

 

Fig. 1. Samples dimensions for tensile test made according to ASTM 

E8/E8M [17] 

 

Fig. 2. Welding passes for V and X groove shapes base metal 

Table I. The chemical compositions of the base metal and welding wire used in the experiment [25] 
Component Composition 

C Mn S Ni Cr P Cu Ni Fe 

Base metal (EN 10025-2) 0.17% 1.4% 0.025% 0.012% - 0.025% 0.55% 0.012 % Balance 

Welding filler (AWS ER70 S-6) 0.12% 1.8% 0.035% 0.15% 0.15% 0.035% 0.35% - Balance 

Table II. The tensile strength and hardness of base metal and filler wire [25], [26] 

Component 
Tensile properties Hardness properties 

Yield strength Tensile strength Elongation Brinell hardness Vickers micro-hardness 

Base metal (EN 10025-2) 235 360-510 26% ≤120 HBW ≈2025 HV 

Welding filler (AWS ER70 S-6) 483 MPa (70 ksi) 583 MPa (81 ksi) 26% - - 

Table III. Factors used for the welding process 

Code Factors Unit Level 1 Level 2 

A Voltage V 20 30 

B Wire feed speed m/min 5.9 10.6 

(WFS) 

C Groove shape - V X 
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Table IV. Coded design layout values 

Standard order A B C 

1 1 1 1 

2 1 1 2 

3 1 2 1 

4 1 2 2 

5 2 1 1 

6 2 1 2 

7 2 2 1 

8 2 2 2 

Table V. Taguchi design layout with responses (Tensile strength and hardness) 

Std 

order 

Voltage (V) WFS (m/min) Groove shape  Heat input 

(J/mm) 

Tensile Strength 

(N/mm2) 

Vickers micro-

hardness (HV) 

Tensile Strength 

/ hardness 

1 20 5.9 V 768 305 2170 0.14 

2 20 5.9 X 768 263 2158 0.12 

3 20 10.6 V 768 238 2162 0.11 

4 20 10.6 X 768 253 2170 0.12 

5 27.5 5.9 V 2376 233 2155 0.11 

6 27.5 5.9 X 2376 190 2143 0.09 

7 27.5 10.6 V 2376 192 2157 0.09 

8 27.5 10.6 X 2376 164 2151 0.08 

Tensile test carried out on Shimadzu (UEH-20) universal 
testing machine at Libyan Iron and Steel Company at 
Misrata. The tested samples are shown in Fig 3. Some of the 
samples were repeated due to testing failure. 

The hardness test conducted by BMS Bulut Makina 

Sanayi micro-hardness tester in the High Vocational Center 

of Casting at Tripoli. The indenter used is a diamond cone 

with a load of 1 kg pressure force. The indenter used is a 

diamond cone with 120o. The hardness of the weld bead or 

the FZ was measured to demonstrate the change in the 

welding parameters on them. The Vickers micro-hardness 

value is an average of three runs taken for each sample. The 

heat input was calculated from the equation (1): 

 

(mm/min) speed Travel

60(A) Amperage(V) Voltage 
 (1) 

 

Multiplying by thermal efficiency of GMAW which is 

0.8 to get heat input on the welding in J/mm. The WFS was 

neglected. 

 

 
Fig. 3. Samples used for tensile strength 

III. RESULTS AND DISCUSSION 

Table V presents the transverse tensile strength of the 

welding and Vickers micro-hardness of FZ as responses for 

each combination of welding factors. Each combination 

corresponds to each sample is numbered at Std order. The 

tensile strength has increased with the increased hardness 

and vice versa. The tensile strength has decreased with the 

increased heat input, while the heat input has increased with 

the increased welding voltage and WFS. It is also noticed 

that tensile strength declined for welding that has X groove-

shaped base metal, compared to V groove-shaped base 

metal samples. At similar voltage and WFS except for 

samples 3 and 4. The tensile strength to hardness ratio as 

shown in Table V was higher with the increased heat input 

and WFS.  

The inclined heat input led to increased cooling rates 

[27], which, therefore, risen the internal stresses and 

consequently, the residual strains in the welding [27], [28]. 

The internal stresses were reported to causing declined 

hardness of welding [29] and deterioration of mechanical 

properties such as the tensile strength and toughness [11], 

[12], [13], [19]. A study by Unnikrishnan et al. [30] 

concluded that residual stresses are compressive at 

decreased heat input of welding and tensile at increased heat 

input. Therefore, similarly to previous studies the increased 

heat input as presented in Table V causing declined 

hardness of FZ and transverse tensile strength of welding. It 

is noticed that variation of hardness of FZ in Table V and 

the base metal as seen in Table II has led to tensile failure at 

FZ/HAZ or HAZ/base metal boundaries [12], [13], [18], 

[19]. As it shown in in Fig. 3 most of the samples shown 

failure in the welding area. The HAZ was reported to be a 

critical area of fracture in welding [31]. Unfortunately, the 

HAZ hardness was not recorded for this study. It’s also 

noticed from Table V that the hardness of FZ and the 

transverse tensile strength are lower in X groove-shaped 

base metal welding compared to welding made at V groove 

shape. This is noticed at fixed welding voltage and WFS. It 

could be related to the X configuration feature, which has 

caused the welding to have irregularly shaped HAZ that 

causing higher chance of failure. Another hypothesis says 

that the higher welding interpasses in V groove shaped base 

metal welding causing internal heat treatment. It’s due to 

more passes risen the interpass heat input [27], where each 

pass add additional heat input over the solidified welding. 

It’s consequently results in relief internal strains due to the 

prolonged heat on the solidified welding caused 
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recrystallization of the welding metal [32] and therefore the 

hardness of the FZ and the transverse tensile strength was 

increased. The tensile strength to hardness ratio has declined 

with the increased WFS and heat input of welding as seen in 

Table V. It indicates that the tensile strength has decreased 

concerning the hardness of FZ. E.g., the tensile strength has 

14 % of the value of hardness at lower WFS, welding 

voltage at V groove shaped welding. In comparison to only 

9 % at higher WFS and welding voltage. It indicates that 

transverse tensile strength decline faster than hardness of 

FZ. It could be due to the increased variation between the 

welding and the base metal. It is also noticed that X groove 

shaped base metal welding should lower ratio that V groove 

shaped welding. It is because the later was exposed to 

increased inter-pass heat input which was has a significant 

role in risen the hardness and most importantly the 

transverse tensile strength. 

The plots in Fig. 3 and Fig. 4 show the signal-to-noise 

(S/N) ratios and means of data respectively for the welding 

factors on the welding transverse tensile strength. The 

hardness response was not included in the analysis since the 

objective of welding is to achieve higher transverse tensile 

strength. Regardless of the hardness of the FZ. The plots 

show similar orientation of results. The S/N ratio interpret 

the data by showing the effect of the welding factors on the 

higher tensile strength. The higher S/N ratio as labelled in 

Fig. 4 and Table VI, “Larger is Better” corresponds to the 

experiment goal, which to maximize the responses as shown 

in equation (2): 


=

−=
n

i
inN

S
y

1

2

]
1

log[10  (2) 

The welding voltage as seen in Fig. 4 and Table VI has 

the highest effect at 20 V on the higher values of welding 

transverse tensile strength with S/N value of 48.42. The 

Delta in Table VI is a result of minus the S/N ratio of each 

two levels of each welding factor. E.g., the minus of the S/N 

ratio for 20 V and 27.5 V showed higher delta value (wider 

gap), which indicate the effectiveness of the factor on the 

response and thus ranked the welding voltage first as it has 

higher effect on the tensile strength. The effect of WFS at 

5.9 m/min came second (47.75), while the groove shaped 

base metal V had lower effect (47.56). The welding voltage 

had the lowest effect below the mean of S/N means by S/N 

of 45.72. 

 

Fig. 4. Main effect plot for S/N ratio for the welding factors 

Table VI. S/N ratios and ranking for welding factors 

Level 

Welding 

voltage 

(V) 

WFS 

(m/min) 

Groove 

shape 

1 48.42 47.75 47.56 

2 45.72 46.39 46.58 

Delta 2.70 1.36 0.97 

Rank 1 2 3 

*Larger is better 

The means of data as seen in Fig. 5 and table VII showed 

again the welding votage at 20 V had the highest tensile 

strength mean of 264.8 followed by 247.8 for the WFS at 

5.9 m/min. While the groove shaped V showed lower mean 

by 242. The wider Delta of means for the welding voltage 

made it had the highest effect on the tensile strength means. 

 

Fig. 5. Main effect plot for means for the welding factors 
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Table VII. Means and ranking for welding factors 

Level 

Welding 

voltage 

(V) 

WFS 

(m/min) 

Groove 

shape 

1 264.8 247.8 242.0 

2 194.8 211.8 217.5 

Delta 70.0 36.0 24.5 

Rank 1 2 3 

 

The S/N ratios model of coefficients for welding factors 

is shown in Table VIII, while Table IX show the model 

coefficients of welding factors for tensile strength means. 

The welding voltage at 20 V and the WFS of 5.9 m/min has 

obtained significant P values (population value) of 0.004 

and 0.038 respectively. While the base metal groove shaped 

V has shown non-significant P-value of 0.095. The 

significance level taken is 95 % (P of 0.05). It refers to 

welding voltage at 20 V has higher chance of occurrence 

99.6 % compared to that of 96.6 % for The WFS at 5.9 

m/min. According to the P-values in Table IX, the means 

presented similar occurrence of results repeatition for 20 V 

and 5.9 m/min WFS, 96.6 % and 96.6 % respectively. While 

the groove shaped V has 89.3 % chance of response 

repeating which is considered non-signficant. To predict the 

S/N ratio with the optimal conditions using equation (3): 

)(
1

mi

f

i

mopt  −+= 
=

 (3) 

Where 
m = the mean of S/N ratio means, f = the number 

of factors, 
i = the mean of the signal-to-noise ratios at the 

optimal level of each factor i. The predicted value according 

to the Minitab 18® is 49.5882 for the S/N mean of means 

ratio, which is higher by 5 % than the value of the 

experiment (Table VIII). In addition, Taguchi’s design 

predicted the mean of means to be 295, which is about 22 % 

higher that the actual mean of means value of 229.75. The 

analysis from the Minitab 18® unfortunately did not present 

P-values for level 2 factors. 

Table VIII. Coefficients for S/N ratios 

Term Coefficient P-value 

Constant 47.0705 0.000 

Welding voltage (20 V) 1.3492 0.004 

WFS (5.9 m/min) 0.6813 0.038 

Groove shape (V) 0.4872 0.095 

Table IX. Coefficients for means 

Term Coefficient P-value 

Constant 229.75 0.000 

Welding voltage (20 V) 35.00 0.004 

WFS (5.9 m/min) 18.00 0.038 

Groove shape (V) 12.25 0.107 

 

The Taguchi’s design concludes that welding voltage at 

20 V followed by WFS at 5.9 m/min have shown higher 

influence on the welding transverse tensile strength and 

higher tensile strength means. The groove shape V has 

shown lower effect on the responses and lower means The 

optimum welding factors for higher welding transverse 

tensile strength are 20 V, 5.9 m/min and base metal groove 

shape V. 

IV. CONCLUSIONS 

The mild steel welded by GMAW at a variation of 

welding voltage, WFS, and base metal V groove shape 

combination of welding current, welding speed, and groove 

shape was studied to see their influence on the tensile 

strength and hardness of welding. The analysis was made by 

the orthogonal array’s Taguchi's design. The results showed 

that higher FZ hardness has higher welding transverse 

tensile strength welding. Also, a higher tensile strength 

shown at lower welding voltage, WFS, and at V groove-

shaped base metal. The increased inter-pass heat input has 

shown higher FZ hardness and welding tensile strength. The 

welding voltage at 20 V followed by WFS at 5.9 m/min 

showed a higher effect on the welding transverse tensile 

strength and higher means. While the groove shape V shows 

the minimum effect on the responses and minimum means 

the optimum welding combination for higher welding 

transverse tensile strength are 20 V, 5.9 m/min, and base 

metal groove shape V. 
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