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Abstract—Aluminium alloy that is utilised in the automobile 

sector is used to process Resistance Spot Welding (RSW). The 

challenge of adjusting RSW parameters results in uneven weld 

quality. The welding current, electrode force, and welding 

duration are critical RSW characteristics. An further RSW 

parameter that is thought to be required is the aluminium alloy's 

electrical resistance, which changes according to the material's 

thickness. When working with aluminium alloy, the RSW 

process's parameters are very sensitive to precise measurement. 

It was looked at if parameter prediction could be done by using 

an artificial neural network (ANN) to discover the optimal 

parameter. Using the parameters and the aluminium alloy's 

tensile shear strength as the input and output data, respectively, 

the artificial neural network (ANN) was created and evaluated 

for predicted weld quality. The RSW procedure is implemented 

using the results of the estimated parameter optimisation and the 

tensile shear strength testing. The mean squared error (MSE) 

and accuracy of the tensile shear strength output were 0.054 and 

95%, respectively. This suggests that the use of artificial neural 

networks (ANNs) in welding machine control has been very 

effective in determining the welding parameter. 

Index Terms— RSW Process, ANN, MSE, Aluminum alloy etc. 

I. INTRODUCTION 

Every vehicle in production contains between 7,000 and 

12,000 spot welds. A computer-controlled robotic welder uses 

the Resistance Spot Welding (RSW) method to complete the 

welds. RSW is being applied to lighter aluminium alloys more 

often [1, 2]. In the process of producing automobiles, thin shell 

components are often joined using the fast joining method 

(RSW). Using lightweight materials to maintain robust 

structural vehicle bodies while conserving energy and natural 

resources is an essential task [3]. Since steel is now the main 

manufacturing material for vehicles, aluminium alloys, which 

have substantial mechanical qualities and low densities, are 

predicted to be widely employed in the future [4].This study is 

interested in the mechanical characteristics and light weight of 

the 6061-T6 aluminium alloy. For the automobile sector, the 

RSW process's weld quality has been a major issue. The 

accuracy and correctness of welding parameters have not 

always been achieved by manual computation, operator 

experience, or technician ability in altering the parameter 

settings. Previously, it has not been possible to verify the 

computations using ideal parameters [5]. There are several 

sensitive aspects, making it challenging to adjust the 

parameters of each welding equipment. Due to this, testing 

several specimens of the building material in order to get 

sufficient findings from experiments to determine ideal 

parameter values. There are more than 200 welding machines 

in every auto body plant. The expense of modifying the 

parameter settings for each unique welding machine type, for 

various materials (such as thickness), for replacement 

electrodes, and other factors has increased in an effort to 

achieve standard weld quality overall [6–8]. Thus, it's critical 

to comprehend the RSW process's parameter connections, 

quality-improvement strategies, evaluation and efficiency 

forecasting, and suitable parameter optimisation. 

 

 
Figure 1: RSW process resistance [10]. 

 

This research, officially named "parameter optimisation for 

resistance spot welding of 6061-T6 aluminium alloy based on 

artificial neural network," was prompted by the aforementioned 

issues. Using ANN will result in more accurate and efficient 
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RSW parameter estimation. Particularly in the automotive 

sector, the ANN shown efficacy in solving both linear and 

nonlinear functions needed to modify the RSW parameter 

settings of computer operated robotic welders. 

II. THE RSW METHOD  

The RSW procedure aims to minimise heat conduction to 

colder surrounding material while producing heat quickly in 

the joints of the material being welded. This production of heat 

may be stated as   

  
where t is the time in seconds, R is the resistance in ohms, I 

is the current in amperes, and Q is the heat energy in joules [9]. 

Figure 1 displays the resistances that the secondary circuit 

resistance welding equipment provided.  

According to Figure 1, the overall resistance, which may be 

represented as follows, determines the resistance in the RSW 

process.  

 

𝑅 = 𝑅𝑐 + 2𝑅𝑤 + 2𝑅𝑒𝑤 + 2𝑅𝑒,                                         (2) 

 

where r is the specimen's contact resistance, r's is its total 

resistance, r's is its electrode resistance, r's is its specimen 

resistance, and r's is its specimen electrode contact resistance. 

The melting temperature in the spot weld during the RSW 

process and the material's weldability are both impacted by the 

resistance transformation of the material work piece [11, 12]. 

When smelting materials, optimal electrode force is required 

for the explosive solutions [13, 14], and the electric welding 

current's strength plays a significant role in influencing the heat 

production that causes smelting. The spot weld will produce 

intense heat when the electric intensity is strong. This will have 

an impact on the weld joint's strength and nugget size [15]. The 

length of the welding process affects the mechanical 

characteristics of the weld joints as the resistance and welding 

time determine the nugget size and weld joint strength [16, 17]. 

As shown in schematic diagram RSW cycle Figure 2, where 𝐼 
is welding current, 𝑡 is welding time, and 𝐹 is electrode force, 

melting results from the link between welding current, welding 

time, and electrode force. 

 
Figure 2: RSW schematic design 

  

Scholars have examined the correlation between the RSW 

parameters and have confirmed that the welding process 

parameters significantly impact the quality of the weld [18, 

19]. Furthermore, the larger nugget development in thicker 

parts compared to thin pieces indicates the importance of the 

material resistance caused by the thickness of the work piece. 

A suitable nugget will be produced in materials with lesser heat 

conductivity or those with high resistance conductivity [20].As 

a result, this research includes resistance as a component. 

III. MATERIAL AND METHODS 

This study examined the RSW procedure in a real-world 

automotive body plant using gun welds managed by an MFDC 

Rexroth Bosch welder. Specimens of aluminium alloy (6061-

T6) with thicknesses of 1 and 2 mm were welded at three 

different resistance levels. The three resistance levels for the 2-

2, 2-1, and 1-1 mm material thicknesses at high, medium, and 

low thicknesses are shown in Figure 3. 

Tables 1 and 2, respectively, illustrate the mechanical and 

chemical characteristics based on KAISER ALUMINIUM 

[21]. 6mm copper alloy electrode tips were employed in this 

study. Complete factorial analysis was included into the 

experimental design based on 34×3 = 243 runs were obtained 

when all parameter values were adjusted on low, medium, and 

high thicknesses of material. The welding current, electrode 

force, welding duration, and resistance settings are as follows: 

2-2, 2-1, and 1-1 mm; 20, 28, and 36 kA; 2, 4, and 6 kN; 100, 

150, and 200 ms; and so on. Welding experiments were then 

conducted once the welding parameters were entered in 

accordance with the experimental design. Testing and 

recording were done on the completed weld joints and the 

maximum tensile shear strength. As shown in Figure 4, the 

tests were conducted with the HOUNSFIELD 50 kN at 

maximum load.  

 

Table 1: Chemical characteristics of aluminium alloy 6061-

T6. 

 
 

Table 2: Mechanical characteristics of aluminium alloy 

6061-T6. 
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Figure 3: The measurements of the specimen (mm) 

 
Figure 4: shows the tested clamping, the visual monitor, 

and the weld joint in (a), (b), and (c) 

 

In this study, the robotic welders were trained using 75% of 

the 243 ANN trial findings. To evaluate and compare the 

experimental shear strength findings with the projected shear 

strength, 25% of the results were chosen at random. The 

artificial neural network models were designed to determine 

the correlation between the shear strength and the welding 

settings. As Figure 5 illustrates, the ANN model is a 

multilayered feed-forward algorithm. 

 Three layers make up the algorithm: the hidden layer that 

sits between the input and output layers, the input layer, and 

the output layer. Shear strength is the output layer, and the 

number of input neurons in the input layer is set to the level of 

welding parameters in each run order.  

Using the multilayered feed-forward approach, the ANN 

was trained using the back propagation technique and 

evaluated for predicting shear strength using the welding 

parameters as input data and the shear strength as output data. 

The ultimate transfer function was a pure linear sigmoidal 

function. 

IV.  RESULT AND DISCUSSION  

In this study, the use of artificial neural networks (ANNs) 

to compute optimal parameters for welding robot control was 

investigated. The ANN-calculated tensile shear strength, or 

mean squared error (MSE) of the shear strength, is shown in 

Table 3 after the experimental data have been used in practice. 

A MSE of 0.05 is the result. These findings demonstrate that 

the ANN identified the proper parameter optimisation with 

acceptable outcomes. Using the ANN's experimental findings, 

the shear strength is determined. Figure 6 illustrates how using 

the ANN computations leads to effective parameter 

optimisation. 

 
Figure 5: The ANN structure for predicting shear strength 

 

Table 3: The mean squared error (MSE) computation is 

shown 
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Therefore, ANN is seen to be a suitable optimisation 

approach for obtaining a solution that is both linear and 

nonlinear. The input layer, hidden layer, and output layer are 

the three layers that make up the ANN model. While training 

and using the back propagation technique, the ANN was 

employed to determine the RSW parameters at the input layer 

and the shear strength at the output layer. 25% of the 243 data 

values from the entire factorial experiment outcomes were used 

for assessing the correctness of the values computed by the 

ANN, and 75% of the data values were utilised for training. 

The findings indicate that the maximum learning period, 

learning rate, MSE objective, and hidden nodes are, in that 

order, 30, 0.001, 0.04, and 3,000,000. Twenty samples were 

evaluated and the mean squared error (MSE) was determined 

to be 0.047896 kN. This suggests that the ANN model can 

forecast the shear strength needed to change the RSW 

parameters that are being tested using a small sample, as Table 

4 and Figure 7 illustrate, respectively. This research suggests 

that the RSW operator may select the optimisation parameters 

by using a small sample set that is suitable as input into the 

ANN model. However, additional variables not covered by the 

ANN, including the specific model of welding machine, the 

specimen material's surface condition, the environment's 

cooling effect, and electrode wear, may have an impact on the 

parameters' correctness.  

 

Table 4: Mean squared error (MSE) calculation for a 20-

unit experiment 

 

 
Figure 6: ANN predictions 

 
Figure 7: The 20-unit experiment's ANN prediction 

scenario 

V. CONCLUSION 

In a Thai car body industry facility, the complete factorial 

experiment results and ANN were constructed and successfully 

tested. MSE and accuracy were found to be 0.054 and 95%, 

respectively. Reducing sample testing and setup time processes 

while achieving good weld quality is made possible by 

calculating a trustworthy estimate of shear strength. In order to 

compare the accuracy of different algorithms, future research 

should evaluate the precision of other algorithms that are used 

to compute these parameters. 
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