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Resistance spot welding (RSW) was used to fabricate similar joints of low-carbon steel AISI 1005 in a lap joint design. 
The welding current, squeeze time, welding time, and hold time, which affect resistance spot welding, were evaluated. A 

tensile-shear force fracture test was used to assess the mechanical properties using a universal tensile testing machine. The 

microstructure of the fusion zone was examined using a scanning electron microscope (SEM). According to the data, the 
shear strength values increased as the welding current increased. Additionally, it was shown that most failures occurred 

closer to the fusion zone (FZ). The primary cause is the crystal lattice's strained distortion, which weakens the nearby 

region of the fusion zone. 
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1. Introduction 

In recent times, the automotive industries have employed new materials to enhance the safety of vehicle components at a low cost; by increasing 

the material's properties, such as a high strength-to-weight ratio and enhancing performance, these new materials help produce cars more fuel 

efficiently [1-3]. The main objective of choosing new materials is to resolve present challenges before manufacturing. Low-carbon steel is a 

highly desired category in metallurgical steel as it can be easily welded to form a combination of martensite and ferrite phases [4, 5]. For 

automotive applications, low-carbon steel is compatible with materials that have good elongation and ductility, which is always necessary. 

Additionally, its strength, toughness for crashworthiness, and enhanced efficiency of the vehicle body due to weight reduction make it attractive 

to the automotive industry [6]. 

The most common method of joining steel sheets, especially in the automobile industry, is resistance spot welding (RSW). This technique has 

the advantages of simplicity, low cost, rapidity (short process time), and automation possibilities. The joining of low-carbon steel sheets is 

attractive because the mechanical characteristics of spot welds are essential. A significant factor is the difference in low-carbon steel 

characteristics during the spot-welding process [7, 8]. RSW significantly affects how automotive bodies are assembled. In order to increase the 

joint integrity of the welding used in chassis assembly, it is also essential to increase the dependability of metal joining. The material properties 

of an automobile body are not the only factors that affect its performance. It also depends on the quality of the joint, which is a representation 

of metallurgical deformation on welding heat generated; compared to other welding methods, it allows for a variety of complex microstructures 

at an essential cooling rate [9, 10]. 

The mechanical characteristics and welding behaviour of low-carbon have been extensively studied [11, 12]. In order to determine the maximum 

strength of the weld spot, Shen et al. analyse the resistance spot welded dual phase steels' tensile shear test behaviour. They also characterise 

the different forms of loads and display the deformation mode on the weld joint during the crash event [13]. In addition to peak load, resistance 

spot welds' ability to absorb energy should also be considered when studying the mechanical behaviour of RSWs, according to Zuniga [14] and 

Zhou et al. [15]. Zhou et al. [15] established a relationship between the peak load and energy absorption of spot welds by computer simulation 

utilising the design of the experiments (DOE) method, which included the electrode indentation depth, HAZ size, and weld size. 

The present investigation examined the shearing force of RSW joints with varying welding parameters, including welding current, squeeze 

time, welding time, and hold time. The low-carbon steel AISI 1005 was joined using the RSW technique.  
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Nomenclature & Symbols 

AISI American Iron and Steel Institute RSW Resistance Spot Welding 

FZ Fusion Zone DOE Design of Experimental 

HAZ Heat-Affected Zone SEM Scanning Electron Microscope 

WN Weld Nugget kA Kilo Ampere 

 

The mechanical characteristics (shearing force) of RSW joints were assessed using a scanning electron microscope (SEM). Furthermore, a 

design of experiments (DOE) was employed to assess the impact of welding parameters on the sheer force of RSW joints and to analyze the 

mechanical characteristics of RSW joints under various welding conditions. 

2. Experimental Setup 

The material used for this investigation is 1 mm thick low-carbon steel, AISI 1005. The elemental composition of this material is present in 

Table 1; the mechanical properties of AISI 1005 are represented in Table 2. 

Table 1. Chemical Composition of AISI 1005 

Fe% Cu% Mn% Cr% S% P% Ni% C% Element wt % 

Bal. 0.048 0.38 0.04 0.026 0.01 0.024 0.08 AISI 1005 

Table 2. Mechanical properties of AISI 1005 

Elongation (%) Tensile Strength (MPa) Yield Strength (MPa) Material Property 

34 326 185 AISI 1005 

 

The welding experiments were performed on AISI 1005 under the welding conditions using resistance spot welding equipment shown in Fig. 

1. The welding current, squeeze time, welding time, and hold time are the four factors with four levels that make up the welding parameters 

used in this study. 

 

Fig. 1. Welding Parameters 

The material dimensions to be welded, AISI 1005 steel, described in Fig. 2, follow the ANSI/AWS C1.1M/C1.1:2012 standards [16]. The shear-

tensile force of resistance spot-welded AISI 1005 steel joints was investigated using the tensile shear fracture test utilizing universal tensile 

testing equipment. As illustrated in Fig. 3, the semi-automatic tensile testing machine has a maximum capacity of approximately 50 KN. Fig. 4 

depicts the defect-free resistance spot welded joint and demonstrates the excellent nugget formation among the different AISI 1005 joint levels. 
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The microstructural characteristics obtained from the spot-welded joint's cross-section were examined using a scanning electron microscope 

(SEM). The sample was polished employing belt grinders and disk polishing devices with several grades of silicon carbide abrasive paper. With 

the use of finely micron-level alumina powder and diamond paste, excellent polishing has been accomplished. 

 

Fig. 2. Test specimen dimensions (in mm) 

 

Fig. 3. Tensile Test 

 

Fig. 4. Welded Specimen 
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3. Results and Discussion 

3.1. Scanning Electron Microscope (SEM) 

The nugget increases with the welding current, while the formation's lap joints have a more comprehensive range. The influence of welding 

parameters on different macrographs is displayed in Fig. 4, which shows variations in the weldment's nugget development. The nugget increases 

with the welding current, while the formation's lap joints have a more comprehensive range. Increasing the welding current even further leads 

to pull-out failure and compromises the integrity of the joint. A macro-level defect-free joint with improved nugget formation is achieved with 

a welding current level of 7 kA. 

Fig. 5 shows the microstructure of the Nugget Zone. During the welding process, a fusion zone (FZ) or weld nugget (WN) melts and resolidifies. 

The weld nugget shape exhibits an asymmetry in its microstructure. The primary characteristic determining the mechanical performance of the 

spot welds is the size of the weld nugget. Fig. 5 depicts a typical cross-section profile of a spot weld. The resulting microstructure is primarily 

ferrite–martensite and consists of martensite, upper binaite, and Widmanstätten (side plate) ferrite. 

 

Fig. 5. SEM of resistance spot-welded AISI 1005 

3.2. Mechanical properties of AISI 1005 lap joint 

Fig. 6 shows specimens after the tensile-shear test. Pull-out is the failure mode, and the fracture started around the weld nugget at an outside 

edge point. The graph of tensile-shear force vs. number of specimens is displayed in Fig. 7. 

In comparison to other welding parameters, the highest tensile shear fracture force value that was observed was around 5.542 kN at (7 kA 

welding current, 0.8s Squeeze Time, 1.2s Welding Time, 0.8s Hold Time). The nugget area increases with increased welding current, which 

occurs at different levels. The heat-affected zone's (HAZ) interfacial region, which has already been developed with the assistance of 

microstructure, is where most tensile failure occurs. The formation of tempered martensite in the HAZ, which exhibits properties of a more 

failure-brittle nature, and the rate of cooling are the categories caused by these fracture modes [17, 18]. 

 

Fig. 6. After the tensile-shear test 
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Fig. 7. Shear force results of AISI 1005 

Using the Minitab 17 program, the tensile shear force was analysed by applying the Taguchi evaluation approach to determine the best level of 

welding parameters and investigate the influence of the welding parameters on the joint's strength. This approach improves the shear force. Fig. 

8 illustrates how the joint force is affected by the welding parameters (welding current, squeeze time, welding time, and hold time). The joint 

shear force will rise as the welding current increases. At the same time, the other welding parameters have an alternating effect on the joint 

shear force. Furthermore, Fig. 9 demonstrates that the welding current significantly influences the joint tensile shear force more than the other 

welding parameters. 

 

Fig. 8. Main effect plot of AISI 1005 
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Fig. 9. Pareto chart of AISI 1005 

4. Conclusion 

The welding parameter most affected by the AISI 1005 steel RSW technique is the welding current. When the welding current increases, the 

depth of the nugget zone grows, which increases the weld shear force. The microstructure of the fusion zone consists of martensite, upper 

bainite, and Widmanstätten (side plate) ferrite. The interfacial zone's tempered martensite, which is closer to the HAZ, is the cause of the weld 

failure. The fracture mode illustrated interfacial failure and pull-out failure. 
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