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Abstract 

Research studies have shown that there is no known particular method that can be 

said to be the best optimization model for welding processes. Heat input has a very 

critical effect on the quality of the weld and is influenced by the welding current . 

This research study is carried out to predict the Tungsten inert gas welding heat 

input, using response surface methodology. Mild steel plate was cut into dimension 

60mm x 40mm x 10mm with a power hack saw, the samples were grinded and 

cleaned before the welding process. The TIG welding process was used to join the 

weld joints. The quadratic model was tested for its suitability for the heat input 

response which has a significant lack of fit with p value >0.05. The result of anova 

shows that the model is significant and has adequate strength to predict its target 

response.the goodness of fit statistics shows that the model has a 98.4% capacity to 

predict the target response. 

 
1.0 Introduction 

Tungsten inert gas welding (TIG) is one of the most important material joining processes widely used in the 

industry[1]. Response Surface Methodology has been developed to study the effects of input variable (i.e. current, 

voltage, travel speed) on output responses (i.e. reinforcement height, weld bead width, metal deposition rate). 

Gas tungsten arc welding produce the high quality welds most consistently[2]. Over the years welding has improved by 

incorporating better suited welding methods such as Metal Inert Gas Welding, Tungsten Inert Gas Welding (TIG), and 

Electron and Laser Beam Welding.  A new approach using experimental design matrix of experimental designs 

technique has been developed[3]. The artificial neural network method was used for predicting the weld bead 

geometric descriptors while genetic algorithm was used for optimization of process parameters. 

Optimization of gas tungsten arc welding process by response surface methodology was reported in which effects of 

process parameters on tensile strength and hardness are evaluated[4].  The mechanical properties of AA 5456 

Aluminum alloy welds has been improved on through pulsed Tungsten Inert Gas (TIG) welding process[5]. Taguchi 

method was employed to optimize the pulsed TIG welding process parameters of AA 5456 Aluminum alloy welds for 

increasing the mechanical properties.  

 

2.0  Materials and Methods 

2.1 Materials 

100 pieces of mild steel coupons measuring 60mm x 40mm x 10mm were used for the experiments. The experiment 

was performed 20 times, using 5 specimens for each run. The tungsten inert gas welding equipment was used to weld 

the plates after the edges have been bevelled and machined. 
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 Plate 1:  Welding torch                       Plate 2:  Welding in progress 
A thermocouple is a sensor used for  measuring temperature, it consists of a pair of dissimilar wires joined at one end .The 

type K- thermocouple is a nickel-chromium and nickel–alumel thermocouple is suitable for inert atmospheres at temperatures 

up to 1260
o
c,the K-type thermocouple is shown in plate 3. 

 

 

 

 

 

 

 

 

 

 

Plate 3:  K-Type Thermocouple 

A digital thermometer is a mercury free thermometer containing thermal sensor in them, it used to take quick and highly 

accurate temperature readings from the weld samples. They are easy to read with LCD display on them. The digital 

thermometer is shown in plate 4. 

 
Plate 4: Digital thermometer 

 

Table 1: Process parameters and their levels 

  

 

 

 

 

 

 
 

3.5  Method of Data Collection 

The central composite design matrix was developed, using the design expert software, producing 20 experimental runs. The 

input parameters and output parameters make up the experimental matrix and the responses recorded from the weld samples 

were used as the data. Figure 1 below shows the central composite design matrix. 
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Parameters Unit Symbol Coded value Coded value 

   Low(-1) High(+1) 

Current Amp A 100 180 

welding speed, M/min F 0.10 0.6 

Voltage Volt V 16 22 
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Figure 1: Central Composite Design Matrix (CCD) 

 Method of data analysis 

When there is a curvature in the response surface the first-order model is insufficient. A second-order model is useful in 

approximating a portion of the true response surface with parabolic curvature. The second-order model includes all the terms 

in the first-order model, plus all quadratic terms like 
11 ix1 and all cross product terms like 

13 ix1 . It is usually 

expressed as 
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……………..Equation 1      

 

Where x =    qiqii xxx  ,..,,,,..,, 2121   

 

Result and discussion 

To validate the suitability of the quadratic model in analyzing the experimental data, the sequential model sum of squares was 

calculated for  the heat input is presented in Figure 2 

 
Figure 2: Sequential model sum of square for heat input 
 

To test how well the quadratic model can explain the underlying variation associated with the experimental data, the lack of 

fit test was estimated for heat input. Results of the computed lack of fit is presented in Figure 3 
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Figures 3: Lack of fit test for heat input 
 

The model statistics computed for heat input based on the different model sources is presented in Figure 4 

 
 

Figure 4 : Model summary statistics for heat input 
In assessing the strength of the quadratic model towards minimizing the heat input one way analysis of variance (ANOVA) 

table was generated for minimizing the heat input and result obtained is presented in Figure 5 

 
 

Figure 5: ANOVA table for validating the model significance towards minimizing the heat input 

 
Figure 6: GOF statistics for validating model significance towards minimizing heat input 

 

From the result of Figure 6, it was observed that the "Predicted R-Squared"  value of 0.8998 is in reasonable agreement with 

the "Adj R-Squared" value of 0.9713. Adequate precision measures the signal to noise ratio.  A ratio greater than 4 is 

desirable.  The computaed  ratio of 24.638observed in Figure 6 indicates an adequate signal.  This model can be used to 

navigate the design space and adequately minimize the heat input 

The optimal equation which shows the individual effects and combine interactions of the selected input variables (current 

(Amp), voltage (V) and welding speed (m/min)) against the mesured response(heat input) is presented below. 

Heatinput = 0.32+0.034A+0.14B-0.041C+0.066A*B0.015A*C+0.086B*C+0.07A
2
+0.093B

2
+0.11C

2
…Equation 2 
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The diagnostics case statistics which shows the observed values of each response variable(heat input) against their predicted 

values is presented in Figure 7.The diagnostic case statistics actually give insight into the model strength and the adequacy of 

the optimal second order polynomial equation. 

 
Figure 7: Diagnostics case statistics report of observed and predicted heat input 

 

To study the effects of combine input variables on the response variable(heat input), the 3D surface plot presented in Figure 8 

was developed. 

 
Figure 8: Effect of current and voltage on the heat input 
 

Conclusion 

The quality and integrity of welded joints is highly influenced by the optimal combination of the welding input parameters. 

This study developed a model using  Response Surface Methodology  to  predict weld  heat input  from input parameter such 

as current, voltage and welding speed. The results from the study shows that the voltage has a very strong influence on the 

heat input that is an increase in voltage will result in a corresponding increase in the heat input. 
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