Adequacy check of the developed relationship
The adequacy of the developed relationship was tested by using the analysis of variance (ANOVA) technique. According to this technique, if the calculated value of F ratio of the developed model is less than the standard F ratio value (F-Table) at the 95 % confidence level, then the model is considered to be adequate for the experiments performed within the considered confidence level. ANOVA test results for the DOP, BW, D/W, and WA are shown in Tables 1, Tables 2, Tables 3, and Tables 4, respectively. From ANOVA tables, it was observed that the developed model was adequate at 95 % confidence level for all the responses. 
	The DOP (Table 1) Model has P-value less than 0.05 this implies the model is significant.  The probability value (P-value) being less than 0.05 indicate that the model terms are significant. In this case; I, S, F, IS, and S2 are the significant model terms. The model terms P-value, greater than 0.10 indicate that those model terms are not significant. The insignificant lack-of-fit P-value of 0.0527 meant that the quadratic model was valid within the spatial influence of the variables on the responses. The coefficient of determination, ‘r2’, is used to find the closeness of the predicted and experimental values [20,21]. The prediction R2 of 0.8724 is in reasonable agreement with the adjusted R2 of 0.9652. “Adeq Precision” measures the signal to noise ratio.  The signal to noise ratio greater than 4 is desirable for all models. The DOP model has signal to noise ratio of 29.066.
	The BW (Table 2) model P-value of <0.0001 implies that the model is significant. In this model I, S, F, and F2 are the significant model terms. The lack-of-fit P-value of 0.6592 suggests the Lack of Fit is not significant in relation to the pure error. The prediction R2 of 0.726 is in reasonable agreement with the adjusted R2 of 0.8753.  Here the signal to noise ratio of 15.043 indicates that the model is acceptable.
	D/W (Table 3) model is significant as its P-value is less than 0.05. The model terms I, S, F, and F2 are the significant. The lack-of-fit P-value of 0.2075 indicates that it is not significant and the model fitted the data satisfactorily. Although the signal to noise ratio (15.994) of the D/W model is greater than 4 but the prediction R2 of 0.6695 is not in reasonable agreement with the adjusted R2 of 0.9024. This is not good for accuracy of the model so the model reduction was considered and the larger insignificant terms such as IF, I2, and S2 were eliminated from the model. The modified model is significant with insignificant lack-of-fit P-value of 0.2958 and it has also prediction R2 of 0.81 is in good agreement with adjusted R2 of 0.9129. The empirical relationship between the D/W and the input welding parameters are given bellow. 
 											(11)
	The WA (Table 4) model P-value is less than 0.05. It means that the model is significant. In this model I, S, IS, I2, and S2 are the significant model terms. The lack-of-fit P-value of 0.1169 implies the lack-of-fit is not significant in relation to the pure error. The prediction R2 of 0.9267 is in good agreement with the adjusted R2 of 0.9681. The signal to noise ratio of 31.056 makes the model acceptable.
	It is seen that the signal to noise ratio of all the four models presented here are more then 4, which state that these models can be used to navigate the design space. It is essential to consider the assumptions of ANOVA before drawing the conclusions. There are three basic assumptions used in ANOVA (1) The variances of all errors are equal to each other, (2) The errors are independent, and (3) The errors are normally distributed [22]. The normal probability plots of the residuals for the DOP, BW, D/W, and WA are shown in Fig. 1 (a-d). Normal probability plots of the responses show that the residuals are falling either on the straight line or near to it, which indicate that the errors are distributed normally.
[bookmark: _Toc426843175]Table 1 ANOVA test result for DOP
	[bookmark: _Toc426843176]Source
	Sum of squares
	df
	Mean square
	F Value
	p-value prob > F
	

	Model
	18.60
	9
	2.07
	59.52
	< 0.0001
	significant

	A-I
	9.05
	1
	9.05
	260.61
	< 0.0001
	

	B-S
	7.27
	1
	7.27
	209.30
	< 0.0001
	

	C-F
	1.58
	1
	1.58
	45.50
	< 0.0001
	

	AB
	0.35
	1
	0.35
	9.95
	0.0103
	

	AC
	7.200E-003
	1
	7.200E-003
	0.21
	0.6585
	

	BC
	0.021
	1
	0.021
	0.60
	0.4567
	

	A^2
	0.083
	1
	0.083
	2.39
	0.1532
	

	B^2
	0.21
	1
	0.21
	6.04
	0.0338
	

	C^2
	0.078
	1
	0.078
	2.25
	0.1649
	

	Residual
	0.35
	10
	0.035
	
	
	

	Lack of Fit
	0.29
	5
	0.058
	4.91
	0.0527
	not significant

	Pure Error
	0.059
	5
	0.012
	
	
	

	Cor Total
	18.95
	19
	
	
	
	

	
	

	Std. Dev.
	0.19
	R-Squared
	0.9817
	

	Mean
	4.77
	Adj R-Squared
	0.9652
	

	C.V. %
	3.91
	Pred R-Squared
	0.8724
	

	PRESS
	2.42
	Adeq Precision
	29.066
	



Table 2 ANOVA test result for BW
	Source
	Sum of squares
	df
	Mean square
	F Value
	p-value prob > F
	

	Model
	20.77
	9
	2.31
	15.82
	< 0.0001
	significant

	A-I
	11.03
	1
	11.03
	75.60
	< 0.0001
	

	B-S
	5.86
	1
	5.86
	40.17
	< 0.0001
	

	C-F
	2.72
	1
	2.72
	18.64
	0.0015
	

	AB
	0.039
	1
	0.039
	0.27
	0.6161
	

	AC
	0.14
	1
	0.14
	0.98
	0.3449
	

	BC
	0.20
	1
	0.20
	1.34
	0.2738
	

	A^2
	0.056
	1
	0.056
	0.38
	0.5511
	

	B^2
	0.047
	1
	0.047
	0.32
	0.5848
	

	C^2
	0.62
	1
	0.62
	4.27
	0.0657
	

	Residual
	1.46
	10
	0.15
	
	
	

	Lack of Fit
	0.59
	5
	0.12
	0.68
	0.6592
	not significant

	Pure Error
	0.87
	5
	0.17
	
	
	

	Cor Total
	22.23
	19
	
	
	
	

	
	

	Std. Dev.
	0.38
	R-Squared
	0.9344
	

	Mean
	7.94
	Adj R-Squared
	0.8753
	

	C.V. %
	4.81
	Pred R-Squared
	0.7260
	

	PRESS
	6.09
	Adeq Precision
	15.043
	



[bookmark: _Toc426843177]Table 3 ANOVA test result for D/W 
	Source
	Sum of squares
	df
	Mean square
	F Value
	p-value prob > F
	

	Model
	0.14
	9
	0.016
	20.51
	< 0.0001
	significant

	A-I
	0.017
	1
	0.017
	21.37
	0.0009
	

	B-S
	0.024
	1
	0.024
	30.46
	0.0003
	

	C-F
	0.087
	1
	0.087
	111.31
	< 0.0001
	

	AB
	2.358E-003
	1
	2.358E-003
	3.01
	0.1132
	

	AC
	4.236E-004
	1
	4.236E-004
	0.54
	0.4788
	

	BC
	1.350E-003
	1
	1.350E-003
	1.72
	0.2184
	

	A^2
	5.219E-005
	1
	5.219E-005
	0.067
	0.8015
	

	B^2
	7.944E-004
	1
	7.944E-004
	1.02
	0.3375
	

	C^2
	0.012
	1
	0.012
	15.65
	0.0027
	

	Residual
	7.826E-003
	10
	7.826E-004
	
	
	

	Lack of Fit
	5.358E-003
	5
	1.072E-003
	2.17
	0.2075
	not significant

	Pure Error
	2.468E-003
	5
	4.936E-004
	
	
	

	Cor Total
	0.15
	19
	
	
	
	

	
	

	Std. Dev.
	0.028
	R-Squared
	0.9486
	

	Mean
	0.60
	Adj R-Squared
	0.9024
	

	C.V. %
	4.67
	Pred R-Squared
	0.6695
	

	PRESS
	0.050
	Adeq Precision
	15.994
	



[bookmark: _Toc426843178]Table 4 ANOVA test result for WA
	Source
	Sum of squares
	df
	Mean square
	F Value
	p-value prob > F
	

	Model
	1380.16
	9
	153.35
	52.91
	< 0.0001
	significant

	A-I
	724.71
	1
	724.71
	250.03
	< 0.0001
	

	B-S
	543.02
	1
	543.02
	187.35
	< 0.0001
	

	C-F
	0.91
	1
	0.91
	0.31
	0.5886
	

	AB
	20.38
	1
	20.38
	7.03
	0.0242
	

	AC
	1.04
	1
	1.04
	0.36
	0.5618
	

	BC
	0.18
	1
	0.18
	0.061
	0.8098
	

	A^2
	19.84
	1
	19.84
	6.85
	0.0258
	

	B^2
	71.18
	1
	71.18
	24.56
	0.0006
	

	C^2
	0.52
	1
	0.52
	0.18
	0.6808
	

	Residual
	28.98
	10
	2.90
	
	
	

	Lack of Fit
	22.00
	5
	4.40
	3.15
	0.1169
	not significant

	Pure Error
	6.99
	5
	1.40
	
	
	

	Cor Total
	1409.15
	19
	
	
	
	

	
	

	Std. Dev.
	1.70
	R-Squared
	0.9794
	

	Mean
	26.96
	Adj R-Squared
	0.9609
	

	C.V. %
	6.31
	Pred R-Squared
	0.8741
	

	PRESS
	177.37
	Adeq Precision
	23.463
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[bookmark: _GoBack]Fig. 1 Normal probability plots of residuals for (a) DOP, (b) BW, (c) D/W, and (d) WA.
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