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Abstract

This study analyses the impact of welding parameters on the quality of
bevel-prepared T-joint welds. The experiments utilised a robotic
welding system to ensure consistency and accuracy in the welding
procedure. The welding parameters included voltage (20V-22V),
current (105A and 1104A), and weaving width (0.1mm - 0.3mm), while
the travel speed was maintained at 2mm/s within predetermined
ranges. The quality of the welds was assessed using Vickers Hardness
Testing, which offers insights into the mechanical properties and
microstructure of the weld zone. The findings indicate a correlation
between the welding parameters and the hardness distribution across
the weld bead, heat-affected zone (HAZ), and base metal. The findings
indicate a significant relationship between the welding parameters and
the hardness distribution throughout the weld bead, heat-affected zone
(HAZ), and base metal. Variations in voltage and current have been
found to impact the heat input, thereby influencing the cooling rate and,
in turn, the microstructure and hardness of the weld. The travel speed
significantly influenced weld bead geometry and penetration depth,
subsequently affecting the overall quality of the weld. This study offers
significant insights into enhancing robotic GMAW processes for T-joint
welding with bevel preparation. The results can enhance weld quality
and efficiency in automated welding applications across multiple
industries.

1. Introduction

The automated arc welding process is important for quality, productivity, and cost-effectiveness because the right
welding current, welding voltage, and welding speed have a big effect on how well the metal can be welded [1].
The parameters of the welding process significantly influence bead shape, such as weld penetration, bead width,
horizontal leg length, vertical leg length, and throat, all of which are affected by the settings of the welding
parameters. The GMAW process involves complex physical phenomena and processes resulting from melting and
solidification. This may adversely affect the properties of the weld bead and base metal. The weld bead is essential
for identifying the mechanical properties of the weld [2]. The geometric parameters, which involve welding
penetration (WP), bead width (BW), bead height (BH), horizontal leg length (HLL), vertical leg length (VLL), and
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throats are influenced by welding process parameters that include the welding current (A), welding voltage (V),
travel speed (TS), weaving parameter (WP), wire extension, wire diameter, and shielding gas wire feed rate,
among others. They are also referred to as welding parameters or welding variables. Consequently, it is essential
to identify the appropriate welding parameters to attain optimal weld bead geometry [3]. To reduce adverse
effects and achieve desired results, many studies have been conducted to monitor, predict, or control welding
parameters. All these studies depend on modifying optimal welding parameters [4].

The influence of welding penetration on 6842 steels with a thickness of 2.5 mm via gas metal arc welding
(GMAW) is examined. The primary factors influencing the quality of the weld joint are the GMAW welding
parameters, including welding current, welding voltage, and welding travel speed. It has been found that welding
parameters such as current (A), heat flux (Q), gas flow rate (G), welding speed (S), wire feed rate (F), and shielding
gas can change the height (HB), width (WB), and penetration (PB) of a bead. This section addresses the
relationship between welding parameter settings and welding bead geometries. The influence of welding
penetration on 6842 steels with a thickness of 2.5 mm via gas metal arc welding (GMAW) is examined. The primary
factors influencing the quality of the weld joint are the GMAW welding parameters, including welding current,
welding voltage, and welding travel speed. Similar research and findings show that welding parameters like
current (A), heat flux (Q), gas flow rate (G), welding speed (S), wire feed rate (F), and shielding gas are used to see
how they affect bead height (HB), bead width (WB), and bead penetration (PB). This section addresses the
relationship between welding parameter settings and welding bead geometries.

Currently, researchers are conducting various investigations regarding the T joint position. Simulation and
experimentation were employed to investigate the influence of current on the morphology of an Al alloy T-joint
during the double-pulsed metal inert gas (DP-MIG) welding process [5]. Another study looked at the changes in
microstructure, hardness distribution, and grain growth in weld joints [7]. This one used both experimental tests
and numerical simulations to look at the residual stress and distortion caused by welding in T-joint welds [6].
Extensive research has been conducted on the T joint position; however, there are no documented instances of
single bevel preparation with weaving application.

Weaving techniques have been developed to prevent challenging welds and potential defects, thereby
enhancing the proficiency of welders. The welder employs weaving techniques to cover a broader area and
execute shelter welds over stringer beads (multi-pass welding). In other words, welders use this technique when
applying multiple layers of welds. Welders frequently use these weaving techniques when multiple welds occur
on the same seam [8]. Numerous welding weaving techniques exist, including sine function weaving, circular
weaving, and zigzag weaving; however, the choice of technique depends on the material type, welding process,
welding position, and weld joint. Various methods have been used in performing a weaving technique.

Semi-automatically moves the torch back and forth along the weld joint. A variety of mechanisation levels are
commercially available. These machines mechanically oscillate the torch back and forth while concurrently
advancing the electrode along the weld joint. Numerous joining and surface applications commonly employ a
weaving technique [9,10]. The application determines the weaving technique employed and the weaving effect
produced. The most common technique for weaving is the open root butt joint, whereby the electrode is passed
through the open joint and secured on both sides to ensure adequate penetration into the two components being
joined, while preventing burn-through of the joint [11]. The Gas Metal Arc V-groove welding processes, both with
and without root gaps, have been examined through three-dimensional numerical simulations utilizing the
volume of fluid method for flat welding positions [12]. Similar investigations were conducted on V groove joints
without backing plates, where the authors employed Metal Active Gas (MAG) welding with the switch-back
welding technique [13]. The weave technique directs the arc's heat away from the weld's centre to produce a flat
bead shape. In overlay and hard facing applications, a weave is employed to segregate weld metal from the base
metal across a large surface area with minimal interaction. In every one of these situations, a weaving technique
was employed to redirect the arc's heat from the centre of the weld to its peripheries. The success of a weaving
technique is limited by the extent to which heat can be controlled through movement. However, there exists a
requirement for an enhanced welding system and methodology that distinctly differentiates heat input between
the edges of a weaving technique and the centre.

The critical requirement is the selection of good welding parameters to produce the desired bead geometry.
A change in welding parameters can result in a significant change in bead geometry; the output profile may have
poor penetration, the wrong size, or internal defects. This work will investigate the welding parameters and weld
deposition geometry in the 2F position. To the knowledge of the author, no literature review has been reported
on the result when the weaving techniques are applied to the T-joint configuration with the single bevel
preparation.

This research focused on welding parameters that are shown in Table 1 and welding deposition geometry for
T-joint by FANUC Robotics series with the application of the Gas Metal Arc Welding (GMAW) process function.
The consumable is a 1.2mm diameter ER70S-6 filler wire, and the shielding gas is 100% carbon dioxide. The base
material is a low-carbon steel plate (A36). The T-Joint is positioned in 2F welding positions. The output is a
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welding bead geometry for the respective welding parameter. The quality of welding will be evaluated by visual
inspection, with the American Welding Society (AWS D1.1) codes as a reference.

2. Methodology

A robotic welding machine was employed to perform GMAW welding, and the power source used in this study
was a Kemmpi, as shown in Fig. 1. This machine can be programmed with Welding Current (A), Welding Voltage
(V), Travel Speed (TS), and Weaving Parameter (WP). All the welding data were recorded with direct reference to
the respective sample number.

(@) (b)
Fig. 1 Robotic welding machine (a) Robotic GMAW welding arm; (b) Power source, Kemmpi

Table 1 Welding specification

No Variables Descriptions

1 Welding parameters Currents (105 -110 A)
Voltages (20 - 22 V)
Travel speeds (2 mm/s)
Weaving Parameters (0.1-0.3 mm)
Wire extensions (12.5 mm)

2 Consumable types GMAW wire (E70T-1)
Diameter: 1.2mm
SFA No: A5.20
Developer: ESAB

3 Polarity Direct Current Reverse Polarity (DCEP)

The welding parameters were categorised into 18 sets of welded coupons, each including different welding
currents, welding voltages, and weaving parameters for every welding sample. All welding parameters on each
weld coupon were maintained constant, with only one parameter being varied. Every coupon was assigned a
reference number. During the welding process, the actual welding parameters were monitored and updated to
ensure that the record precisely represented the actual welding conditions. An automated system controlled the
speed of the welding, making it reliable and accurate. The voltage changed very little, and only the current deviated
significantly from the set parameters, so the welding current had to be adjusted. A low-carbon steel base plate
was identified, and its chemical composition was determined using an Arc Spectrometry machine. Table 2 displays
the results of the composition analysis for the chosen base material. The outcome verified that it is low-carbon
steel with excellent weldability.
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Table 2 Chemical composition (%)

C Si Mn P S Cr Mo Ni

0.164 0.165 0.461 0.0125 0.0683 0.0879 0.0179 0.0874

The test specimens were welded by a robotic welder in the 2F position (horizontal). The plate was low carbon
steel, measuring 5 mm in thickness, 150 mm in length, and 50 mm in width. A 25 mm piece from each coupon was
macro-etched to check the quality of the weld deposit and bead penetration and to find out what the whole bead
shape was. BS EN 970 requires that during a visual inspection, the minimum illumination must be 500 lux or
equivalent to standard shop or office lighting.

The procedure for observing the microstructure in the experiment involved several sequential steps. Initially,
specimens were prepared by reducing them to smaller dimensions. The preparation continued with a grinding
phase using sandpapers of varying grits (180, 240, 320, 400, 600, and 1200), followed by polishing with micron-
sized particles (5, 3, and 1 micron) using the Buehler Metaserv 2000 rotary grinder machine. Before conducting
the test, we grind the sample to ensure a flat surface and polish it to achieve a reflective, mirror-like finish. Further
treatment involved etching the specimens using a 15% nital etchant solution, enhancing visibility for
microstructure analysis. Finally, the microstructures were observed under an optical microscope magnification
of 50x, enabling an in-depth examination for comprehensive analysis. Researchers used Vickers Hardness test to
determine the hardness of specimens.

3. Results and Analysis

3.1 Microstructure

The macrostructural analysis involves comprehensive scrutiny and assessment of the overall structure and
attributes of a material or component at a macroscopic scale. This analytical process delves into the observable
features, encompassing the size, shape, and distribution of structural elements like weld beads geometry [14].

Fig. 2 Selected specimen with incomplete root penetration

Based on Fig. 2, the macrostructure of the selected specimens above indicates that most of the welding does
not fill adequately the desired space of the specimens, which is between the bevel plate and the normal plate. This
defect occurs when the weld metal fails to fuse with the root of the joint. The welding parameters (current, voltage,
travel speed) are not optimized, there may be insufficient heat to fully melt the root of the joint. This is particularly
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problematic due to the thickness of material at the intersection [15]. A root gap that is too small also can prevent
proper penetration for T joint configuration [15]. In robotic welding, the programmed path and angle of the
welding torch can significantly affect root penetration. If not optimized, it may lead to incomplete fusion at the
root.

Table 3 Weld bead geometries value

No HLL VLL AT TT ET
(mm) (mm) (mm) (mm) (mm)
1 3.77 6.17 6.51 5.49 6.00
2 3.53 6.53 6.34 5.49 6.00
3 3.27 7.64 6.86 6.34 6.17
4 291 7.71 6.51 5.66 6.69
5 2.83 6.50 6.67 6.33 5.83
6 3.19 6.75 6.75 6.34 6.94
7 3.38 5.23 6.62 6.28 6.00
8 3.57 6.32 6.81 6.00 6.16
9 3.55 6.82 6.82 6.41 6.14
10 3.27 5.24 6.55 6.11 5.89
11 3.43 6.51 6.69 6.00 6.34
12 2.76 7.56 6.48 5.28 7.08
13 3.43 7.20 6.17 5.31 6.69
14 4.16 6.49 6.49 6.12 6.00
15 4.42 7.11 7.11 6.79 7.26
16 4.82 8.82 7.64 6.24 7.17
17 4.75 4.88 7.25 7.13 6.13
18 4.59 6.71 7.41 7.24 6.88

Analysing the data from the 18 specimens, it is evident that the values for Actual Throat (AT) and Theoretical
Throat (TT) exhibit variations based on the specific welding and weaving parameters employed as shown in Table
3. Notably, 18 demonstrates the smallest discrepancy between the two throats, with a mere 0.32mm difference.
Conversely, specimen no. 12 presents the most significant disparity, recording a substantial 1.2 mm difference.
These findings suggest a discernible correlation between the applied voltage and the discrepancy between actual
and theoretical throat values. Specifically, it appears that a higher voltage utilized in conjunction with a 110A
current tends to yield a minimized difference between the actual and theoretical throat measurements [16]. This
insight underscores the importance of voltage parameters in achieving a closer alignment between the intended
and observed outcomes in welding and weaving processes.

The dataset has a wide range of Horizontal Leg Lengths (HLL). Specimen no. 12 has the shortest HLL,
measuring 2.76 mm, which means that shorter horizontal extensions could change the structure, while specimen
no. 16 has the longest HLL, measuring 4.82 mm, which means that longer horizontal extensions could change the
strength of the joint. The overall range, along with a mean HLL of about 3.61 mm, shows how different the welding
results can be. Thus, it shows that high voltage and current affect the Horizontal Leg Length (HLL) [24].
Additionally, the Vertical Leg Lengths (VLL) across specimens display a notable range, from the minimum of
4.88mm in specimen no 17 indicating shorter vertical leg lengths possibly due to less penetration or different
techniques, to the maximum of 8.82 mm in specimen no. 16 suggesting deeper penetration or variations in welding
parameters, highlighting diversity in the height dimensions of the weld beads. Effective Throat (ET) is the shortest
distance from the root to the face of the weld. Based on the data above, the value for Effective Throat (ET) among
the 18 specimens that were subjected to calculation, a subset of 4 specimens specifically, specimen no. 1, specimen
no. 2, specimen no. 17 and specimen no. 14 exhibits identical values corresponding to the plate thickness,
measured at 6.00 mm. This uniformity in results suggests a consistent welding outcome for these specimens which
results in stronger welding as the bigger the throat, the larger the effective area. The Effective Throat (ET) value
for specimen no. 5 was the lowest, at 5.83 mm. This suggests that the specimen may not have a strong weld

Penerbit
UTHM



Int. Journal of Integrated Engineering Vol. 17 No. 4 (2025) p. 169-177 174

compared to the other specimens, but a higher Effective Throat (ET) value does not always mean that the welding
is stronger. Upon meticulous examination of the data, it becomes evident that the relationship between Horizontal
Leg Length (HLL) and Effective Throat (ET) is not consistently correlated, as exemplified by specimen no. 1,
specimen no. 2, specimen no 7, and specimen no. 14. Despite displaying distinct values for Horizontal Leg Length
(HLL) of 3.77 mm, 3.53 mm, 3.38 mm, and 4.16 mm, these specimens share an identical Effective Throat (ET) value
of 6.00 mm. The observation challenges the conventional assumption that a higher Horizontal Leg Length (HLL)
necessarily corresponds to a greater Effective Throat (ET). The existence of specimens with varying HLL values
but the same ET suggests a nuanced interplay of welding parameters and intricate factors influencing the weld
geometry. This highlights the complexity of the welding process, where achieving a specific Horizontal Leg Length
does not guarantee a proportional increase in the Effective Throat.

3.2 Vickers Hardness Test

The Vickers hardness test is a commonly used technique for assessing the hardness of materials by using a
diamond pyramid-shaped indenter to create an impression on the surface. The hardness number comes from
dividing the load by the area of the impression. This gives a precise picture of how resistant a material is to deform
plastically [17]. This method, frequently used for hardness measurement, provides essential information about
the mechanical properties and durability of materials in various applications [18]. Welding parameters
significantly influence Vickers hardness, with increased values in the heat-affected zone and weld attributed to
rapid cooling, leading to finer grain size development. Furthermore, the hardness of the weld metal may be subject
to influences from factors like precipitation hardening effects, residual stresses, and the microstructural
refinement resulting from the accelerated cooling of the weld metal [19]. The complex interplay between welding
parameters and material hardness is highlighted, with the table presenting Vickers Hardness Test values for 18
specimens as shown in Table 4. The test involved five indentations forming a straight line across base metal, Heat-
Affected Zone (HAZ), and welded joints.

Table 4 Vickers hardness test

No Base metal HAZ on Welded HAZ on Base metal
horizontal plate horizontal plate joints Vertical plate vertical plate)
(mm) (mm) (mm) (mm) (mm)
1 160.3 153.1 180.8 161.5 147.5
2 154.3 185.0 213.9 257.9 260.6
3 158.3 157.6 177.2 203.6 160.4
4 143.5 253.0 227.6 2231 160.9
5 162.4 173.6 200.8 203.8 161.9
6 181.4 170.9 178.8 189.4 172.2
7 130.8 160.9 170.4 149.7 141.3
8 154.7 199.6 194.9 158.0 183.8
9 152.2 192.4 181.2 164.1 163.9
10 160.9 182.3 195.1 219.0 199.4
11 192.6 187.3 236.3 179.3 174.6
12 165.3 158.4 155.3 167.9 155.6
13 195.3 176.2 193.1 182.9 162.9
14 153.4 178.1 190.1 139.2 135.5
15 148.9 162.9 213.3 188.4 164.0
16 175.1 181.6 244.8 196.2 210.5
17 159.8 196.1 203.1 165.6 161.8
18 202.4 197.8 205.7 179.0 202.9
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The Vickers Hardness Test results, as depicted in the provided table, offer valuable insights into the material's
properties at various locations across the examined specimens. The measurements, shown by the Vickers
Hardness values, show that the hardness is not evenly distributed across the different areas. These areas include
the base metal, the heat-affected zones (HAZ), and the welded joints. Specimens exhibit distinct hardness
characteristics, with notable variations observed within each specimen.

In analysing the table, it becomes apparent that specimens no. 1, no. 11, and no. 16 showcase higher Vickers
hardness values, indicating greater resistance to deformation and wear in these regions. These specimens stand
out as potential candidates for applications demanding enhanced mechanical strength and durability, such as
tools, machine components, or surfaces requiring resistance to wear [20]. Conversely, specimen no. 14 and
specimen no. 15 demonstrate relatively lower Vickers hardness values, suggesting a softer material characteristic
in these zones. It's important to know how these specimens' hardness varies for uses that require flexibility or
malleability. Upon observation, a discernible trend emerges, indicating that the hardness value of the welded part
is the highest compared to both the heat-affected zone and the base metal [21]. However, it is noteworthy that the
heat-affected zone should exhibit a higher hardness when compared to the base metal, as exemplified in specimen
no. 15. The variations in hardness values across different locations within each specimen also merit attention. For
instance, specimen no. 2 displays a substantial difference in hardness between the base metal horizontal plate and
the welded joints, indicating potential variations in the metallurgical properties induced by the welding process.

In summary, the Vickers Hardness Test results reveal varied hardness across specimens, guiding material
selection and process optimisation for welded components to meet application-specific requirements [22].
Distinct attributes in specimens no. 4, no. 11, and no. 16 underscore the importance of customised welding
parameters for desired material characteristics, showcasing practical implications for industries seeking specific
hardness profiles. Strategically optimising weld parameters for higher Vickers hardness values can enhance the
excellence and efficacy of welded materials [5].

4. Conclusion

The objective of this study. was to discern optimal welding parameters that yield high-quality weldments and to
establish correlations between welding parameters and bead geometry in gas metal arc welding (GMAW) with
the application of the weaving method [23]. Following a comprehensive experimental and research phase, the
findings unequivocally indicate that employing a lower current and voltage results in the most favourable welding
outcomes. Furthermore, the introduction of the weaving method significantly enhances the weldment, surpassing
the quality achieved without this method. Remarkably, the weld geometries table highlights the distinct attributes
of specimen no. 3, specimen no. 6, and specimen no. 7, showcasing an overall exceptional quality and strength in
welds. This underscores the significance of carefully selecting and optimizing welding parameters to achieve
superior results, particularly when employing the weaving method [24]. The investigation extends to the
examination of the Heat-Affected Zone (HAZ), revealing that lower current and voltage not only contribute to
favorable weld outcomes but also yield a clearer HAZ. This clarity in the HAZ becomes pivotal for subsequent
testing and assessments, providing valuable insights into the thermal effects of the welding process. A critical
aspect explored in this study is the Vickers Hardness Test, where the analysis concludes that a higher Hardness
Value (HV) is advantageous, indicative of greater resistance to deformation and wear [21]. This aligns with
broader materials engineering principles; wherein elevated hardness values correlate with heightened
mechanical strength and durability. The implication is that materials exhibiting such characteristics are well-
suited for applications where hardness is a critical factor, such as in tools, machine components, and surfaces
requiring resistance to wear. In conclusion, getting higher Vickers hardness values by carefully calibrating welding
parameters and processes becomes a must from a business point of view. This not only ensures the quality and
performance of welded materials but also positions the welded components favourably for deployment in
demanding applications. The nuanced insights gleaned from this study provide a foundation for informed
decision-making in welding applications, emphasising the importance of parameter optimisation and weaving
techniques for achieving superior weld quality, structural integrity, and hardness characteristics.
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