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Abstract 
 

Gas metal arc welding is a leading process in fusion welding with 

increased productivity and good quality. The welding parameters are 

crucial in determining welding quality, cost, and productivity. In this 

study, mild steel with a 10-mm-thick sheet was welded by gas metal arc 

welding under predetermined parameters of welding voltage, wire 

feed speed, and groove shape. The analysis made by Taguchi’s design 

to investigate the effect of these parameters on tensile strength and 

Vickers micro-hardness of welding. The microstructure of the fusion zone 

and heat-affected zone is analyzed to monitor their change 

concerning the mechanical properties. The results showed that tensile 

strength decreased with decreased hardness. Also, the tensile strength 

and hardness were higher (a maximum of 305 MPa and 2170 HVN) at 

welding made at a lower voltage (20 volts), lower wire feed speed (5.9 

m/min), and V-shaped base metal groove. The increased precipitation 

of perlite structure was shown during welding, which has lower tensile 

strength and hardness. Widmanstatten ferrite and coarser α-ferrite were 

presented for welding with a lower cooling time. Taguchi’s design 

showed that voltage at 20 volts has the highest effect on tensile 

strength, followed by wire feed speed at 5.9 m/min and V-shaped 

welding. 
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1.0 INTRODUCTION 
 

Gas metal arc welding (GMAW) is a versatile welding 

technique that is favored in fabrication because of its 

high productivity and mechanization [1, 2]. It is highly 

recommended for joining steel base metals due to its 

low operating cost, ease of use, and good 

adaptability [3, 4]. GMAW is increasingly utilized in 

industry due to its application to all positions. Which 

make it easily automated and integrated into robotic 

system production and produce good quality welds 

[1, 5, 6]. These advantages of GMAW have 

motivated researchers to study the process in detail 

[5, 6]. It has a variety of uses for steel structures, 

hydraulic electro-generating, and food mechanisms 

[4]. It is famous for the welding of plate sheets with a 

variety of thicknesses, especially thin sheets, due to 

the ease of start-up and stoppage and its capability 

of achieving higher productivity [6].  

GMAW uses a consumable electrode or welding 

filler shielded by externally supplied gas. The 

common shielding gases used in GMAW are argon 
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(Ar), carbon dioxide (CO2), and a mixture of both. 

The shielding gas protects the molten welding from 

air contamination and influences the welding arc 

and its stability and metal transfer [5]. 

In order to reach optimum welding quality, the 

welding parameters had to be set correctly [6]. 

Parameters such as welding voltage, welding 

current, wire feed speed (WFS), welding speed, 

electrode extension or stick-out, electrode diameter, 

and other parameters are studied by researchers 

and manufacturers to optimize the welding process 

[7, 8]. 

Welding is an expensive process due to the high 

cost of materials, operation, and other ancillary costs. 

For that, the welding has to be well prepared and 

count. In order to lower the expenses, there are 

numerous techniques for optimizing the process, such 

as the Design of Experiments (DoE), Taguchi’s design, 

and ANOVA analysis. Taguchi’s design was proposed 

by several researchers for welding process 

optimization due to the fact that it uses an 

orthogonal array experimentation design with a 

minimum number of runs or experiments [9]. It is 

widely used to optimize engineering and 

manufacturing processes. It Taguchi design utilizes 

performance measurement statistics called signal-to-

noise (S/N). It compares the mean of the response or 

the results (signal) to the standard deviation, which is 

the noise. The ratio depends on the characteristics 

and quality of the product and the desired output, 

whether to maximize (higher is better), minimize 

(lower is better), or nominally target the target 

(nominal is better) [10, 11, 12]. 

Mild steel is wiedly is in industry and in some 

industrial sectors is considered the main material for 

construction. However, to achieve the optimal 

welding parameters for more effective welds has 

been manufacturers endeavor always. The 

mechanical properties of welding is an important 

aspect for the consistenly of such welding products 

[9, 13].  

Researchers have studied the effect of welding 

parameters according to Taguchi’s design on the 

mild steel welding tensile strength and hardness [14, 

15, 16, 17, 18, 19, 20, 21]. For instance, in the study on 

welding penetration depth, Ogbonna et al. (2023) 

found that welding voltage has the highest influence 

on the tensile strength of AISI 1008 mild steel 

heterogeneous welding over welding current and 

gas flow rate [14]; Om Prakash et al. (2019) found 

that welding WFS had a higher effect on the tensile 

strength of AISI 11040 steel welding over the welding 

voltage and welding speed [15]; and Assefa et al. 

(2022) concluded that welding current has a higher 

effect on the tensile strength and hardness of 

dissimilar mild steels [16]. Another study by Khan et al. 

(2020) found that welding current has a higher 

influence on EN8 mild steel with dissimilar welding 

hardness [17]; Khamari et al. (2019) stated that a 

higher current contributed to a higher welding tensile 

strength [18]. Previous similar studies concluded that 

tensile strength increased with decreasing welding 

voltage, welding current, and WFS [19, 20, 21]. The 

groove shape was also reported to affect the 

mechanical properties of welding, where V-shaped 

welding obtained higher tensile strength and 

hardness than double V-shaped welding [20]. 

The relationship between tensile strength and 

hardness was reported before [19, 20, 21]. Calderón 

et al. (2021) concluded that the tensile strength and 

hardness of FZ and HAZ were also studied because 

they affect the mechanical properties of welding 

due to the different properties of the welding and 

adjacent regions [22]. Other studies reported the 

hardness and microstructure of the welding regions-

the fusion zone (FZ) and the heat affected zone 

(HAZ)—and related their effect on the tensile strength 

of welding. Luo et al. (2020) stated in a study on 304 

stainless steel welding that HAZ has a higher hardness 

than FZ. It is because the first has a smaller δ-ferrite 

grain structure due to having been exposed to a 

higher heat input than austenitic grains at HAZ. The 

study also concluded that higher welding heat input 

increased the tensile strength of welding [23]. Sabri 

(2021) study on 6061 aluminum alloy welding found 

that FZ has lower hardness than HAZ [24]. On the 

contrary, Khamari et al. (2019) in a study on mild steel 

welding reported that FZ, because of the faster 

solidification due to lower heat input, has higher 

hardness due to the formation of fine grains of 

martensitic and bainitic, while the hardness 

decreased at the coarsening regions (HAZ and base 

metal), which form ferritic and perlitic structures [18]. 

These studies stated the effect of welding heat input 

on the microstructure, which affects hardness and 

consequently the tensile strength of welding. 

However, it is not clear how the changes in 

microstructure and hardness affect the final 

transverse tensile strength of welding as reported in 

these studies. In comparison on the transverse tensile 

strength between the mild steel welding and the 

base metal. The welding was found to have lower 

tensile strength, although it has higher hardness [19, 

20, 21]. Other studies reported that the welded joint 

has higher tensile strength than base metal but lower 

toughness [18, 25]. Sankar et al. (2021) have 

elucidated that this is due to the formation of fine 

lamellar pearlite with acicular ferrite and 

Widmanstatten ferrite structure in the welding region 

[25]. 

In this paper, a study on the effect of the 

microstructure on the hardness and transverse tensile 

strength of mild steel welded at variations of welding 

parameters will be demonstrated. Mild steel is the 

main steel utilized in industry in Benghazi, Libya. The 

optimization and influence of welding parameters 

(welding voltage, WFS, and groove shape) on the 

results will be analyzed. The effect of the groove 

shape parameter was included due to its significant 

influence on the welding in a previous study [19]. The 

objective is to obtain the best practical conditions for 

stronger, more effective, and more consistent 

welding. 
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2.0 METHODOLOGY 
 

Mild steel is the material utilized for welding. It follows 

the European standard EN 10025-2, grade S235JR 

(1.0038). The welding filler used for welding is Nexus 

copper-coated mild steel welding wire grade AWS 

ER70 S-6, according to the American Welding 

Society, with a thickness of 0.045 in (1.143 mm). The 

material composition is shown in Table 1, and Table 2 

shows their mechanical properties. The Vickers 

microhardness was measured for the base metal, 

and an average was taken. The mild steel 

composition and properties were taken from 

theworldmaterial.com, while the welding filler data 

was taken from weldwire.net. It is brought from the 

local market in sheets measuring 1000 mm by 800 

mm and 10 mm in thickness. It is prepared by a CNC 

laser cutter router in the Tasamim Workshop in 

Benghazi. The sample preparation follows ASTM 

E8/E8M-22 [26] for the tensile testing with a base 

metal thickness of 10 mm, as seen in Figure 1. The 

preparation of base metal groove shaping is done by 

a JMTC electric bench grinder with water as a 

coolant at the College of Mechanical Engineering 

Technology. Also, other samples were prepared for 

hardness and microstructure testing using a similar 

technique. The welding was conducted in the 

welding lab at ambient temperature at the Saad 

Elkarimi Institute of Technology in Benghazi. The 

welding sample fixation for V-shaped base metal 

groove prior to welding process in Figure 2. A mixture 

of 82% argon and 18% carbon dioxide is the shielding 

gas utilized, with a gas flow rate of 18 ml/min. The 

current is estimated to be 120 amperes at 20 volts 

and 270 amperes at 27.5 volts. The welding is done 

manually with both hands at an approximate speed 

of 150 mm per minute. The samples are fixed to a 

workbench with clamps. The number of passes made 

for each groove-shaped base metal is shown in 

Figure 3 at higher WFS. Knowing that at lower WFS 

more passes were applied. The experiment setup as 

seen in Table 3 follows the Taguchi design’s 

orthogonal array of three parameters (23) with two 

levels at each, resulting in a total of four experiments 

(L4). However, Minitab 18® couldn’t estimate the 

experiment’s coefficient with such a design. 

Therefore, Taguchi’s design allows for experiments to 

be extended to 8 since L4 was not sufficient to 

generate an ANOVA analysis. This method is known 

as Taguchi’s L8 array, as seen in Table 4.  
 

Table 1 The chemical compositions of the metal joint and welding wire used in the experiment [27, 28] 
 

Component Composition (%) 

C Mn S Ni Cr P Si Cu Fe 

Base metal 0.17 1.4 0.025 0.012 - 0.025 - 0.55 Balanced 

Welding filler 0.09 1.65 0.018 0.15 0.15 0.012 0.95 0.35 Balanced 

 
Table 2 The tensile properties and hardness of base metal and welding filler [27, 28] 

 

Component 
Tensile properties Hardness properties 

Yield strength Tensile strength Elongation (%) Brinell hardness Vickers micro-hardness 

Base metal 235 360-510 26 ≤120 HBW ≈2025 HV 

Welding filler 452 MPa (65.5 ksi) 538 MPa (78 ksi) 24 - - 

 

 
Figure 1 Tensile test dimensions according to ASTM E8/E8M-

22 [26] 
 

 
Figure 2 V-shaped base metal groove sample fixing prior to 

welding 

 
Figure 3 Welding passes 

 

Table 3 Experiment setup for the welding process 
 

Code Parameters Unit Level 1 Level 2 

A Voltage Volts 20 30 

B Wire feed speed (WFS) m/min 5.9 10.6 

C Base metal Groove shape - V Double V 
 

Table 4 Orthogonal array parameters assignments to 

experimental array columns 
 

A B C 

1 1 1 

1 1 2 

1 2 1 

1 2 2 

2 1 1 

2 1 2 

2 2 1 

2 2 2 
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The tensile test was carried out on a Shimadzu UEH-20 

universal testing machine at the Libyan Iron and Steel 

Company in Misrata. The load capacity of the 

machine is 200 kN. The welding samples for tensile 

testing is shown in Figure 4. The hardness test was 

conducted in the High Vocational Center of Casting 

at Tripoli using a BMS Bulut Makina Sanayi 

microhardness tester. The Vickers micro-hardness test 

for HAZ for a sample is shown in Figure 5. The indenter 

used is a diamond cone with a load of 1 kg of 

pressure force. The indenter used is a diamond cone 

with a 120-degree angle. The hardness of the 

welding area, or 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. Table 5 shows the 

orthogonal array for welding parameters with their 

corresponding tensile strength and Vickers micro-

hardness for FZ and HAZ. The microstructure was 

examined after transverse cross-sectioning welding 

samples using the Buelher® sectioning machine and 

then hot mounting using red phenolic resin. The 

grinding of samples is done with sandpaper from 80 

grit to 1200 grit and then polished on a polishing mat 

with alumina powder as polishing liquid (0.05 µm 

grain size). The samples were then suspended in Nital 

etchant for a few seconds, and the microstructure 

was inspected by a Zeiss AxioCam ICC-5 optical 

microscope. 

 

 
 

Figure 4 Tensile strength samples before testing 

 

 
 

Figure 5 Vickers micro-hardness test for HAZ for a welding 

sample 

 

 

3.0 RESULTS AND DISCUSSION 
 

The observations from Table 5 indicate that the 

tensile strength increased with the increased Vickers 

micro-hardness for FZ and HAZ. For example, sample 

1 obtained 305 MPa tensile strength and 2170 FZ 

hardness and 2311 HAZ hardness, while sample 8 

showed a tensile strength of 164 MPa and 2151 VHN 

and 2245 VHN for FZ and HAZ, respectively. The 

hardness values for HAZ were higher than those for FZ 

as illustrated in Figure 6. However, the increased FZ 

hardness means harder HAZ, as reported in a 

previous study [29]. The tensile strength decreased 

with the increased heat input from 2970 J/mm to 960 

J/mm, while the heat input increased with the 

increased welding voltage as seen in Table 5. 

 

Table 5 Welding parameters and their corresponding tensile strength and Vickers micro-hardness 

 

No Voltage 

(volts) 

WFS 

(m/min) 

Groove 

shape  

Tensile 

strength 

(N/mm2) 

Heat input 

(J/mm) 

Vickers micro-hardness 

number (VHN) 

(N/mm2) / 

VHN (FZ) 

(N/mm2) / 

VHN (HAZ) 

EL (%) 

FZ  HAZ 

1 20 5.9 V 305 960 2170 2311 0.14 0.13 7 

2 20 5.9 Double V 263 960 2158 2195 0.12 0.12 6 

3 20 10.6 V 238 960 2162 2277 0.11 0.10 7 

4 20 10.6 Double V 253 960 2170 2283 0.12 0.10 6 

5 27.5 5.9 V 233 2970 2155 2259 0.11 0.10 6 

6 27.5 5.9 Double V 190 2970 2143 2263 0.09 0.08 6 

7 27.5 10.6 V 192 2970 2157 2290 0.09 0.08 7 

8 27.5 10.6 Double V 164 2970 2151 2245 0.08 0.07 4 

 

 

It is also noticed from Table 5 that tensile strength 

decreased in samples with double V-shaped welding 

compared to V-shaped welding samples at the 

same voltage and WFS except for samples 3 and 4. 

For example, Sample 1 had V-shaped welding that 

obtained 305 MPa, while Sample 2 had double V-
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shaped welding that obtained 263 MPa. Both 

samples were welded at 20 volts and 5.9 m/min for 

WFS. Similar to sample 5 compared to sample 6 at 

27.5 V and 5.9 m/min, and 7 compared to 8. The 

tensile strength to hardness ratio in Table 5 was lower 

for FZ and HAZ with the increased heat input and 

WFS. 
 

 
 
Figure 6 Graph showing Vickers micro-hardness for FZ and 

HAZ for V-shaped and double V-shaped welding samples 

 

 

The shape of the fracture that results from the 

tensile test can indicate important aspects of the 

welding tensile properties and their relationship to the 

welding hardness. The samples after the tensile test 

have shown fractures at FZ and HAZ, as shown in 

Figure 7. The fracture at FZ occurred mostly in V-

shaped welding samples, while most double V-

shaped welding samples have experienced fracture 

at HAZ. This concludes that the double V-shaped 

welding has weaker attachment to the groove ends. 

It is suggested that it is related to the double V-

shaped base metal groove, which is considered 

intrinsic. Another explanation related to the 

increased hardness in relation to the obtained tensile 

strength is shown in the decreased tensile strength to 

hardness ratio at double-V welding, especially at 

HAZ, as shown in Table 5. For example, the tensile 

strength value represents 12 % and 10% of the 

hardness value for both FZ and HAZ, respectively, in 

sample 4, which corresponds to double-V welding. 

This is compared to 11 % and 10 % for FZ and HAZ, 

respectively, for Sample 3, which correspond to V-

shaped welding. Also comparing sample 6 with 

sample 5, and so on. Where the decreased tensile 

strength is related to the proportional increase in 

hardness, which incentivizes separation at the HAZ 

due to the difference in hardness between the HAZ 

and the base metal. 

In Table 5 the increased heat input is associated 

with decreased tensile strength and hardness. A 

study by Lahtinen et al. (2019) on high strength steel 

agree that higher heat input promotes earlier 

localization of the strain and therefore lower 

maximum strength [30]. It also shown in Figure 6 that 

hardness curve for FZ and HAZ moving down slope for 

samples 5 to 8, although some samples has shown 

increased hardness. The heat input of welding was 

reported to affects its mechanical properties [29]. The 

increased heat input leads to longer cooling rates 

[31], which, therefore, causes increased internal 

stresses and residual strains in the welding [31, 32, 33]. 

The internal stresses have been reported to cause 

decreased hardness [34]. The decreased hardness 

was reported to result in lower transverse tensile 

strength [19, 20, 21]. This because the decreased 

hardness promotes ductility and thus decreased 

welding tensile strength. 

 

 
 

Figure 7 Tensile strength samples showing fracture at the FZ 

and HAZ 

 

 

In Table 5, it is noticed that the Vickers micro-

hardness values were close. In other words, the 

deviation of hardness results was smaller: 9.16 as the 

standard deviation for FZ hardness and 34.94 for HAZ 

hardness. While the tensile strength values have a 

standard deviation of 45.85. It indicates that the 

change in hardness, especially at HAZ, results in a 

larger impact on the welding transverse tensile 

strength. 

The increase hardness at V-shaped welding can 

also relate to the interpass heat input. Since the V-

shaped welding get exposed to more welding passes 

as shown in Figure 3. The increased welding passes 

was reported to increase the interpass heat input 

[31]. It is suggested to cause localized heat 

treatment around the passes boudaries since the 

excessive heat causes release in the internal stresses 

and therefore reduced hardness [35]. 

Figure 8 shows the microstructure of base metal 

magnified 20 times. The figure shows light-contrasted 

grains representing the conventional α-ferrite (α), 

and dark grains of carbide (i.e., iron carbide) 

colonies blended with smaller areas of perlite (P). 

Due to the material used having 0.17 % carbon, the 

carbide and perlite grains appeared less numerous 
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than the α-ferrite grain. Similar microstructure was 

obtained by Hao et al. (2021) in a study on A-R steel 

that has a close composition of 0.18 % C and 1.24 % 

Mn [36]. A study by Mathevon (2021) showed areas 

of pearlitic-rich bands called banding on steel grade 

0.17 % C and 1.7 % Mn [37]. 

 

 
 

Figure 8 Base metal microstructure magnified 20 times 

Figure 9 shows the microstructure of the FZ and HAZ 

microstructures taken in the middle of each zone 

magnified 20 times for V-shaped welding. The figure 

shows the FZ and HAZ microstructures for sample 3, 

Figures 9 (a) and 9 (c), respectively. Figures 9 (b) and 

9 (d) show the microstructure of FZ and HAZ for 

sample 7, respectively. Figure 10 illustrates the 

microstructure for double V-shaped welding for FZ 

and HAZ in sample 6, as shown in Figures 10 (a) and 

10 (c), respectively, while Figures 10 (b) and 10 (d) 

show the microstructure of FZ and HAZ in sample 8. 

Sample 3 and sample 7 represent welding made with 

a V-shaped base metal groove fabricated at 20 volts 

and 27.5 volts, respectively, while the WFS was fixed 

at 10.6 m/min. However, in samples 6 and 8, they 

both represent welding made in a double-V base 

metal groove. Both samples were exposed to a 

similar voltage of 27.5 volts, while the WFS changed 

from 5.9 m/min to 10.6 m/min. The sample numbers 

follow the numbering as listed in Table 5. The 

difference in parameter change may demonstrate 

the effect of the change of those parameters on the 

microstructure of welding and thus on its mechanical 

properties. 

 

 
 

Figure 9 Microstructure of V-shaped welding magnified 20 times; (a) FZ and (c) HAZ for samples 3 at 20 volts, (b) FZ and (d) HAZ for 

samples 7 at 27.5 volts 
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The microstructure of the FZ at sample 3 (Figure 9(a)) 

shows carbide (i.e., iron carbide) grains spread in a 

matrix of fine α-ferrite, while the HAZ has shown the 

presence of perlite columnar dendrite grains along 

with coarse α-ferrite and carbide grains. The raised 

welding voltage of 27.5 volts at V-shaped welding 

resulted in a change in the FZ and HAZ 

microstructure, as seen in Figure 9 (b) to (d). It has 

shown higher precipitation of equiaxed perlite grains 

along with coarser α-ferrite and carbide grains at FZ 

(Figure 9(b)). However, the perlite columnar dendrites 

became less dense with increased equiaxed perlite 

precipitation, while α-ferrite grains became finer. A 

study by Mortazavian et al. (2020) on the C-Mn (880-

grade) rail substrate has shown similar results, where 

an increased precipitation of perlite occurred at the 

HAZ [38].The microstructure of welding made with 

double V-shaped welding, as seen in Figure 10, 

showed the presence of acicular ferrite along the 

columnar perlite grain boundary that is called 

Widmanstätten ferrite along with polygonal ferrite in 

between in the FZ (Figure 10(a)) and HAZ (Figure 

10(c)), except at HAZ the Widmanstätten ferrite was 

denser. Also, the HAZ showed the presence of lower 

bainite. These structures were presented at FZ (Figure 

10(a)) and HAZ (Figure 10(c)) in sample 6. However, 

at an increased WFS of 10.6 m/min, the 

microstructure at FZ showed coarser Widmanstätten 

ferrite along with coarser equiaxed perlitic grains 

blended with carbide and α-ferrite, as shown in 

Figure 10(b). While at HAZ, Widmanstätten ferrite 

disappeared, and only equiaxed perlite blended 

with carbide bands separated the coarse and fine α-

ferrite. 
 

 

 
 

Figure 10 Microstructure of double V-shaped welding magnified 20 times; (a) FZ and (c) HAZ for samples 6 at 5.9 m/min WFS, (b) FZ 

and (d) HAZ for samples 8 at 10.6 m/min WFS 

 

 

The increased welding voltage caused increased 

heat input, as shown in Table 5. The WFS was also 

reported to affect welding by changing the heat 

input and cooling rate [39]. The WFS has been shown 

to affect the hardness of welding (i.e., FZ and HAZ) by 

increasing and decreasing when comparing the 

samples at fixed voltage and groove shape (e.g., 

samples 1 showed 2170 VHN in FZ and 2311 VHN in 
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HAZ, while sample 3 showed 2162 VHN and 2277 VHN 

for FZ and HAZ, respectively) as seen in Table 5. The 

increased WFS has been shown to cause a 

decreased tensile strength to hardness ratio, which 

consequently affects the transverse tensile strength of 

welding (Table 5).  

The increased welding voltage resulted in welding 

microstructure development, as seen in Figures 9 (b) 

and 9 (d). It showed an increased perlitic 

precipitation at FZ (Figure 9 (b)) and higher perlitic 

diffusion at FZ (Figure 9 (b)) and HAZ (Figure 9 (d)). 

The coarser α-ferrite at FZ (Figure 9(b)) is a result of 

higher heat input caused by increased voltage. 

However, the increased heat input has caused the α-

ferrite to become finer at HAZ (Figure 9(b)) due to the 

excessive heat and longer cooling time, which have 

caused the α-ferrite to developed more from its 

original structure of base metal as shown in Figure 8 

to become finer. A study by Mehta et al. (2021) 

showed similar microstructure of HAZ for AISI 1010 and 

showed that it appeared at temperatures around 

730 oC [40] above temperature Ae1 [41]. In 

comparison with the microstructure of double V-

shaped welding, Mehta et al. (2021) stated that 

Widmanstätten ferrite started appearing at 670 oC 

and below [40]. It is suggested to be due to the 

increased interpass heat input because of the 

increased welding passes that result in excessive heat 

at FZ, as discussed earlier. It has caused developed 

microstructure [42] at FZ and HAZ at V-shaped 

welding (Figure 9). That also explains the presence of 

Widmanstätten ferrite and lower bainite as seen in 

Figures 10 (a), 10 (b), and 10 (c). The latter was 

reported to form at 370 oC due to the displacive 

mechanism that traps most of the carbon that is 

caused by a strong driving force [40]. It is suggested 

that since each V opening of the double V-shaped 

groove has experienced one welding pass (Figure 3), 

it has been exposed to lower heat input (Table 5) 

than V-shaped welding and therefore has a less 

developed microstructure. In general, the increased 

WFS has resulted in higher equiaxed perlite and 

carbide precipitation along with coarser α-ferrite 

(Figure 10 (b)), while HAZ has witnessed the 

development of finer α-ferrite (Figure 10 (d)). 

Table 5 shows higher transverse tensile strength at 

sample 3 when compared with sample 7. Since both 

the samples have V-shaped welding and experience 

fracture at FZ, it is suggested that this is related to the 

fact that sample 3 showed finer α-ferrite and lower 

carbide precipitation at FZ (Figure 9(a)). It is also 

suggested to be related that sample 3 showed 

higher FZ hardness (2162 VHN) compared to 2147 

VHN for sample 7. Also, since the FZ showed lower 

hardness than in HAZ (2277 VHN for sample 3 and 

2290 VHN for sample 7), it could be due to the 

fracture occurring in a lower hardness area (i.e., the 

FZ). It was reported that the increased interpass heat 

input that the sample 7 were exposed to reduced 

the welding transverse tensile strength [42]. Xue et al. 

(2021) stated that higher heat input leads to wider 

HAZ and reduced mechanical properties of joints 

[43]. The welding made a double V-shaped groove; 

samples 6 and 8 also have higher HAZ hardness (2263 

VHN for sample 6 and 2245 for sample 8) than FZ 

(2143 for sample 6 and 2151 for sample 8). However, 

they have shown fractures at HAZ (Figure 7). It is 

suggested that due to the presence of 

Widmanstätten ferrite and lower bainite in HAZ in 

sample 6 (Figure 10(c)), which resulted from a lower 

heat input and faster cooling rate as discussed 

earlier, there were also increased carbide and perlite 

bands in the non-homogeneous microstructure as 

seen in Figure 10(d). It could also be due to the 

intrinsic shape of the double V-shaped groove in 

sample 8, as discussed earlier. The tensile hardness 

ratio to hardness was lower in samples 6 and 8 (i.e., 

the tensile strength value represented only 8 % of the 

hardness value of HAZ for samples 6 and 7 percent 

for sample 8), which indicates that the increased 

proportional hardness along with the 

aforementioned suggestions caused a lower 

transverse tensile strength. 

Figures 11 and 12 present the plots for S/N ratios 

and mean values for the welding parameters effect 

on tensile strength. The S/N ratio measurement taken 

for "Larger is better", demonstrates the effect of 

welding parameters on the higher tensile and 

hardness values. This is because one objective of this 

study is to distinguish which welding parameters or 

parameters demonstrate an effect on higher tensile 

strength and hardness, thus, higher mechanical 

properties and better welding. The S/N for each level 

at each parameter is shown in Figure 11 and listed in 

Table 6. The welding voltage at 20 volts showed the 

highest S/N ratio of 48.42, followed by WFS at 5.9 

m/min (47.75), while the V-shaped welding obtained 

a lower S/N ratio of 47.56. The welding voltage of 27.5 

volts has the lowest noise ratio. The delta values in 

Table 6 are a result of the S/N ratio of level 1 minus 

the noise ratio for level 2 for each parameter. Based 

on delta, the voltage ranked first as the most 

important parameter to influence higher tensile 

strength, while the groove shape parameter had the 

lowest effect on tensile strength. Figure 12 and Table 

7 also showed that 20 volts had the highest tensile 

strength mean of 264.8, while 27.5 volts had the 

lowest tensile strength mean of 194.8. The ranking, 

similar to the effective measurement, shows that 

voltage showed higher tensile strength values, while 

the groove shape showed the lowest. Table 8 and 

Table 9 show the coefficients for the S/N ratio and 

means, respectively. The constant value is the mean 

of S/N ratios, as shown in Figure 11, while each value 

that corresponds to each parameter level shows the 

accumulated S/N ratio with respect to the S/N mean 

value. Table 8 and Table 9 show the P-value 

(population value) for each level 1, which interprets 

the significant value for each parameter’s level for 

the S/N ratio and means. The 20-volt level is 0.004, 

which means the occurrence, or chance, of tensile 

strength results repeating themselves is 99.6%. Which 

is considered significant since the significant level is 

0.05 (95%). The WFS at 5.9 m/min also shows a 

https://link.springer.com/article/10.1186/s10033-021-00596-x#auth-Junliang-Xue
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significant value (P-value) of 0.038, which 

corresponds to 96.2 % of occurrence. While the V-

shaped welding level showed a non-significant value 

of 0.095 (90.5%). The means in Figure 12 also show the 

voltage at 20 and the WFS at 5.9 m/min have 

significant tensile strength means, while the V-shaped 

welding does not.  

 

 
 

Figure 11 Plot for S/N ratio for the welding parameters for 

tensile strength 

 
Table 6 S/N Ratio values for tensile strength (Larger is better) 

 

Level 
Welding 

voltage (volts) 
WFS (m/min) Groove shape 

1 48.42 46.39 47.56 

2 45.72 47.75 46.58 

Delta 2.70 1.36 0.97 

Rank 1 2 3 

 

 
 

Figure 12 Plot for means for the welding parameters for 

tensile strength 

 

 

 

 

 

 

 

Table 7 Mean values for tensile strength 
 

Level 
Welding 

voltage (volts) 
WFS (m/min) Groove shape 

1 264.8 211.8 242.0 

2 194.8 247.8 217.5 

Delta 70.0 36.0 24.5 

Rank 1 2 3 

 
Table 8 Coefficient for S/N Ratios for tensile strength 

 

Term Coefficient P 

Constant 47.0705 0.000 

Welding voltage (20 volts) 1.3492 0.004 

WFS (5.9 m/min)  -0.6813 0.038 

V-shaped base metal groove 0.4872 0.095 

 

Table 9 Coefficient for means for tensile strength 
 

Term Coefficient P 

Constant 229.75 0.000 

Welding voltage (20 volts) 35.00 0.004 

WFS (5.9 m/min)  -18.00 0.038 

V-shaped base metal groove 12.25 0.107 

 

 

The WFS at 5.9 m/min showed the highest effect 

on hardness by showing the highest S/N ratio (66.93), 

as shown in Figure 13 and Table 10. It is closely 

followed by double V-shaped welding (66.92), while 

the voltage had the least effect on the hardness. The 

means showed similar patterns of results as shown in 

Figure 14 and Table 11. The WFS at 5.9 m/min has the 

highest mean of 2223, while the double V-shaped 

welding has 2221, which is considered to show a very 

close hardness mean. While the voltage at 27.5 

showed a lower hardness mean of 2214. However, 

the groove shape, as ranked first in Table 10, is the 

most influential parameter on the hardness mean. All 

the parameters showed non-significance for 

hardness, where the P-value for 20 volts was 0.824, 

0.430 for WFS at 5.9 m/min, and 0.349 for a V-shaped 

base metal groove. 
 

 
 

Figure 13 Plot for S/N ratio for the welding parameters for 

hardness 



64                                  Saleh Suliman Saleh Elfallah / Jurnal Teknologi (Sciences & Engineering) 85:4 (2023) 55–66 

 

 

Table 10 S/N Ratio values for hardness (Larger is better) 
 

Level 
Welding 

voltage (volts) 
WFS (m/min) Groove shape 

1 66.88 66.93 66.84 

2 66.89 66.86 66.92 

Delta 0.01 0.07 0.08 

Rank 3 2 1 

 

 
 

Figure 14 Plot for S/N ratio for the welding parameters for 

hardness 

 
Table 11 Mean values for hardness 

 

Level 
Welding 

voltage (Volts) 
WFS (m/min) Groove shape 

1 2210 2223 2201 

2 2214 2204 2221 

Delta 3 19 20 

Rank 3 2 1 

 

 

These results find that a welding voltage of 20 volts 

has the highest effect on the transverse tensile 

strength, followed by WFS at 5.9 m/min and a V-

shaped base metal groove. Previous study on 

showed similar influence of voltage on the tensile 

strength of mild steel welding [20]. Another study by 

Prajapati et al. (2020) on the optimization of A387 

alloys steel found that voltage had higher effect on 

welding performance characteristics [44]. The 

hardness is affected the most by the WFS at 5.9 

m/min, followed by the double V-shaped parameter, 

while the voltage has the least effect on the 

hardness of welding (i.e., the FZ and HAZ). However, 

the effect of WFS on hardness was not significant. The 

optimum welding parameters that have obtained 

higher transverse tensile strength are 20 volts, 5.9 

m/min, and V-shaped base metal welding. The 

analysis of Taguchi’s design is made with the help of 

Minitab 18®. 

 

 

 

4.0 CONCLUSION 
 

In this study, mild steel was welded using GMAW 

under predetermined welding conditions. The weld 

was fabricated at a variation of voltage, WFS, and 

groove shape and tested for transverse tensile 

strength and micro-hardness along with 

microstructure examination. The results concluded 

that the tensile strength decreases with the 

decreased hardness and vice versa. In addition, the 

tensile strength and hardness were higher at welding 

done at a lower welding voltage (20 volts), a lower 

WFS (5.9 m/min), and a V-shaped base metal groove 

(i.e., sample 1 showed 305 MPa in welding transverse 

tensile strength and 2170 VHN and 2311 VHN for FZ 

and HAZ, respectively). The HAZ has a higher 

hardness than the FZ. V-shaped welding samples 

have experienced fracture at FZ, while double V-

shaped welding showed failure at HAZ. Higher 

voltage (27.5 volts) and WFS (10.6 m/min) caused an 

increased heat input that resulted in higher internal 

stresses, which resulted in lower transverse tensile 

strength and hardness. The increased interpass heat 

input is due to increased welding passes for V-

shaped welding. FZ has finer ferritic and perlite grains 

than HAZ. The HAZ has obtained Widmanstätten 

ferrite and lower bainite. In addition, the increased 

precipitation of perlite structure was present during 

welding, which caused lower tensile strength and 

hardness (i.e., sample 7 showed welding tensile 

strength of 192 MPa, FZ hardness of 2157 VHN, and 

2290 VHN for HAZ in comparison to sample 1). Also, 

Widmanstatten ferrite and coarser α-ferrite were 

presented at welding that have a faster cooling time. 

Taguchi's design showed that the voltage has a 

higher, more significant effect on the transverse 

tensile strength of welding, while the WFS has shown 

a higher effect on welding hardness. The optimum 

welding parameters that have obtained higher 

transverse tensile strength are 20 volts, 5.9 m/min, and 

V-shaped base metal welding. 
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