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ABSTRACT 

Melting efficiency is one among the vital factors regarded in Tungsten Inert Gas (TIG) welding while 

appraising the quality of welds. In the welding field, proper melting efficiency brings about the development 

of a weld pool that is dense. This research is done to optimize and predict melting efficiency of mild steel 

weldment, utilizing Response Surface Method (RSM). 

Central composite design(CCD) matrix was used to gather data from the sets of experiments, the specimen 

was produced from mild steel plates and welded with the TIG process, thereafter the RSM was employed for 

the optimization and the prediction of the responses from the process parameters. 

Response Surface Methodology was used to predict melting efficiency of TIG welds. The model had p-

values less than 0.05 which shows the significance of the model and “predict R-Squared” value of 0.790025 

is in moderately good agreement with the “Adj R-Squared” value of 0.9985. One way analysis of variance 

(ANOVA) was done and the result showed that it is a significant model and possess a very good fit. To 

validate the significance and adequacy of the model, a coefficient of determination (R-Squared) of 0.904201 

indicating the appreciable strength of the model. The computed signal to noise ratio of 19.41136 as observed 

in Table 7 shows an acceptable signal. 

 

1. INTRODUCTION AND LITERATURE REVIEW 

The TIG welding operation is completely utilized in current industrial manufacturing, this operation is 

acknowledged for its ability to join similar and dissimilar metals at very high temperature, economy, high 

quality weld, low heat affected zone, good weld appearance, high heat concentration with little or no smoke 

or fumes made it suitable for both ferrous metals, absence of slag. Generally, the quality of TIG  weld is 

strongly distinguished by the weld bead geometry. 

Urena et al(2014)investigated the effect of the  reaction of the interface in the space separating the SiC 

particle reinforcing of the fracture action in TIG joined AL matrix made of different elements and AL alloy 

matrix. TIG joining was done on 4mm thick AA2014/SiC/Xp plates utilizing the setting of current in the 

limit of 37-155A and the voltage in the limit of 14-16V. From experimental results it was discovered that, 

the failure happened in the welded metal sheet with strength of tensile less than 50% of the base metal. 

Failure of the joint welded was regulated by the boundary removal through the boundary response layer.  

Probability of interface failure rises in the zone weld due to formation of Aluminium-carbide which lowers 

the matrix/reinforcement interface strength. 

mailto:godfresibet@yahoo.com
mailto:eyitemitonbra@yahoo.co.uk


NOVATEUR PUBLICATIONS  

 INTERNATIONAL JOURNAL OF INNOVATIONS IN ENGINEERING RESEARCH AND TECHNOLOGY  

[IJIERT] ISSN: 2394-3696 Website: ijiert.org  

VOLUME 9, ISSUE 5, May. -2022 

2 | P a g e  
 

Simhachalam et al(2015) carried out studies on the influence of welding operation variable parametals on 

the mechanical features of stainless steel-316(18Cr-8N) been welded by the TIG welding. The length of the 

specimen is 40 X 15 X 5mm for the experimentation that is observed that the welding current has a major 

effect ,though filler rod do have some effect similar to current but when compared to current it is less 

significant. MINITAB software is utilized in the forecasting of the impact strength ‘hardness and depth of 

penetrations.  

Sanjeev(2016) did the experiment for optimizing of the condition for the performance of the welding on 

Ultra-90 specimen  where he changes the welding current and the welding voltage and maintaining the flow 

rate of gas constant then, noticed that the joint welding not properly made below 50A and 200A from that 

time burning of the specimen stated.  

Ravinder(2016) TIG welding on stainless steel 202 and mild steel parametric optimizing was studied using 

the Taguchi method and the regulating factor that had changing influence upon the arc voltage, tensile 

strength consisting of the greatest effect was found, also found was the optimum variable for 80A tensile 

strength current, arc voltage 30A  and GFR 6 lt/min. 

 

2. METHODOLOGY AND THEORY 

The method of achieving the objectives of the research is explained in this chapter. It comprises of research 

design, population, sampling techniques, method of data collection, with technique of analysis of data. 

 

2.1 RESEARCH DESIGN 

This research study focused on melting sufficiency of mild steel weldment, utilizing response surface 

methodology, for the optimization and the prediction of the output.The input process parameters are current, 

voltage, welding speed, welding time and feed rate. The method was employed due to its capability to 

accommodate complex experimental designs. 

The Central Composite Design was developed for this study, using the design expert software. This design is 

for any input parameters considered within the range of 3-5 levels. 

 

2.2 POPULATION 

160 pieces of mild steel coupons measuring 60mm×40mm×10mm was used for the experiments, the 

experiment was performed 32times, using 5 specimens for each run. 

 

2.3 SAMPLES AND SAMPLING TECHNIQUES 

Mild steel plate 10 mm thickness was selected for the experiment. The mild steel work piece was cut to 

60mm X 40mm dimension using power hacksaw and the edges ground to evenness with a grinding tool. The 

TIG welding equipment was used to weld the plates after the edges have been beveled. The welding 

operation utilizes a shielding gas to shield the weld specimen from atmospheric interaction, 100% pure 

Argon gas was used in this research study. 

The diagnostic case statistics which shows the experimentally obtained values of melting efficiency against 

the predicted values is presented as displayed in table 1 below. 
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Table 1: Diagnostic Case Statistics 

Actual 

V a l u e 

P red ic t ed 

V a l u e 
R e s i d u a l Le v e r a g e 

I n t e r n a l l y   

S tu d en t i ze d 

R e s i d u a l 

E x t e r n a l l y   

S tu d en t i zed 

R e s i d u a l 

Fitted Value 

D F F I T S 

C o o k ' s 

D i s t a n c e 

R u n 

O r d e r 

4 5 4 4 . 3 1 2 7 7 0 .6 8 72 28 0 .4 5 22 79 1 . 8 1 3 0 7 3 1 . 9 2 6 5 8 1 .7 5 06 96 0 .2 4 67 66 1 

4 6 4 5 . 2 6 1 7 1 0 . 7 3 8 2 9 0 .1 9 39 35 1 . 6 0 5 5 9 6 1 . 6 7 2 9 4 7 0 .8 2 05 87 0 .0 5 63 85 2 

4 4 4 3 . 4 7 3 2 8 0 .5 2 67 17 0 .4 7 93 76 1 . 4 2 5 3 1 1 1 . 4 6 3 5 5 2 1 .4 0 43 79 0 .1 7 00 51 3 

4 6 4 5 . 4 3 6 1 6 0 . 5 6 3 8 4 0 .0 5 95 34 1 . 1 3 5 2 1 7 1 . 1 4 3 5 0 .2 8 77 05 0 .0 0 74 16 4 

4 7 4 6 . 7 9 8 0 6 0 .2 0 19 36 0 . 5 2 7 2 1 0 . 5 7 3 4 2 0 . 5 6 4 0 3 4 0 .5 9 56 12 0 .0 3 33 33 5 

4 5 4 4 . 8 3 4 2 0 . 1 6 5 8 0 .5 0 64 67 0 . 4 6 0 8 0 8 0 . 4 5 1 9 9 3 0 .4 5 78 78 0 . 0 1 9 8 1 6 

4 6 4 5 . 6 1 3 1 8 0 .3 8 68 25 0 .1 9 58 35 0 . 8 4 2 2 4 0 . 8 3 6 1 8 6 0 .4 1 26 45 0 .0 1 57 05 7 

4 6 4 5 . 7 9 3 2 0 .2 0 67 97 0 .2 0 15 56 0 . 4 5 1 8 7 2 0 . 4 4 3 1 4 2 0 .2 2 26 48 0 .0 0 46 86 8 

4 4 4 4 . 9 1 5 6 2 - 0 . 9 1 5 6 2 0 .1 9 13 24 - 1 . 9 8 8 0 2 - 2 . 1 5 3 2 9 - 1 . 0 4 7 3 7 0 .0 8 50 05 9 

4 6 4 6 . 3 6 1 6 2 - 0 . 3 6 1 6 2 0 .5 0 63 94 - 1 . 0 0 4 9 9 - 1 . 0 0 5 2 4 - 1 . 0 1 8 1 8 0 .0 9 41 98 1 0 

4 2 4 2 . 2 2 9 2 9 - 0 . 2 2 9 2 9 0 .5 0 92 77 - 0 . 6 3 9 0 8 - 0 . 6 2 9 8 3 - 0 . 6 4 1 6 3 0 .0 3 85 33 1 1 

4 3 4 3 . 6 0 0 6 6 - 0 . 6 0 0 6 6 0 . 4 3 3 9 4 - 1 . 5 5 8 8 2 - 1 . 6 1 7 7 2 - 1 . 4 1 6 4 0 .1 6 93 42 1 2 

4 5 4 5 . 8 0 1 9 2 - 0 . 8 0 1 9 2 0 .1 8 98 25 - 1 . 7 3 9 5 4 - 1 . 8 3 4 9 6 - 0 . 8 8 8 2 1 0 .0 6 44 54 1 3 

4 6 4 5 . 4 3 6 1 6 0 . 5 6 3 8 4 0 .0 5 95 34 1 . 1 3 5 2 1 7 1 . 1 4 3 5 0 .2 8 77 05 0 .0 0 74 16 1 4 

4 5 4 4 . 6 0 2 6 6 0 .3 9 73 38 0 .5 2 30 77 1 . 1 2 3 3 9 1 . 1 3 0 8 2 2 1 .1 8 42 76 0 .1 2 58 31 1 5 

4 6 4 5 . 4 3 6 1 6 0 . 5 6 3 8 4 0 .0 5 95 34 1 . 1 3 5 2 1 7 1 . 1 4 3 5 0 .2 8 77 05 0 .0 0 74 16 1 6 

4 5 4 5 . 4 3 6 1 6 - 0 . 4 3 6 1 6 0 .0 5 95 34 - 0 . 8 7 8 1 5 - 0 . 8 7 3 1 7 - 0 . 2 1 9 6 9 0 .0 0 44 38 1 7 

4 7 4 7 . 2 8 8 9 6 - 0 . 2 8 8 9 6 0 .5 2 05 12 - 0 . 8 1 4 7 8 - 0 . 8 0 8 0 2 - 0 . 8 4 1 8 7 0 .0 6 55 15 1 8 

4 2 4 2 . 2 5 3 5 4 - 0 . 2 5 3 5 4 0 .5 0 12 75 - 0 . 7 0 0 9 8 - 0 . 6 9 2 2 3 - 0 . 6 9 4 0 .0 4 48 99 1 9 

4 5 4 5 . 0 8 4 4 7 - 0 . 0 8 4 4 7 0 .1 8 57 42 - 0 . 1 8 2 7 7 - 0 . 1 7 8 5 1 - 0 . 0 8 5 2 6 0 .0 0 06 93 2 0 

4 6 4 6 . 0 0 8 8 8 - 0 . 0 0 8 8 8 0 .3 5 09 44 - 0 . 0 2 1 5 2 - 0 . 0 2 1 - 0 . 0 1 5 4 4 2 . 2 8 E - 0 5 2 1 

4 5 4 5 . 1 1 8 7 9 - 0 . 1 1 8 7 9 0 .1 7 82 67 - 0 . 2 5 5 8 6 - 0 . 2 5 0 0 8 - 0 . 1 1 6 4 8 0 .0 0 12 91 2 2 

4 4 4 3 . 9 4 9 0 9 0 .0 5 09 11 0 . 5 0 0 1 9 0 . 1 4 0 6 0 5 0 . 1 3 7 2 8 1 0 .1 3 73 34 0 .0 0 17 99 2 3 

4 6 4 5 . 9 4 8 1 7 0 .0 5 18 33 0 .1 9 20 28 0 . 1 1 2 5 9 0 . 1 0 9 9 1 0 .0 5 35 82 0 .0 0 02 74 2 4 

4 5 4 5 . 4 3 7 1 5 - 0 . 4 3 7 1 5 0 .5 0 41 23 - 1 . 2 1 2 0 9 - 1 . 2 2 6 5 6 - 1 . 2 3 6 7 2 0 .1 3 57 81 2 5 

4 5 4 5 . 4 3 6 1 6 - 0 . 4 3 6 1 6 0 .0 5 95 34 - 0 . 8 7 8 1 5 - 0 . 8 7 3 1 7 - 0 . 2 1 9 6 9 0 .0 0 44 38 2 6 

4 8 4 8 . 0 5 8 1 4 - 0 . 0 5 8 1 4 0 .4 6 49 55 - 0 . 1 5 5 1 9 - 0 . 1 5 1 5 3 - 0 . 1 4 1 2 6 0 .0 0 19 03 2 7 

4 4 4 4 . 0 0 0 6 7 - 0 . 0 0 0 6 7 0 .4 7 12 76 - 0 . 0 0 1 8 1 - 0 . 0 0 1 7 7 - 0 . 0 0 1 6 7 2 . 6 6 E - 0 7 2 8 

4 5 4 5 . 1 1 9 5 2 - 0 . 1 1 9 5 2 0 .5 1 28 28 - 0 . 3 3 4 3 5 - 0 . 3 2 7 1 7 - 0 . 3 3 5 6 7 0 .0 1 06 98 2 9 

4 7 4 6 . 9 2 9 9 8 0 .0 7 00 16 0 .4 9 20 41 0 . 1 9 1 8 1 2 0 . 1 8 7 3 5 3 0 .1 8 43 94 0 . 0 0 3 2 4 3 0 

4 4 4 3 . 8 5 8 5 0 . 1 4 1 5 0 . 4 5 7 7 2 0 . 3 7 5 1 8 0 . 3 6 7 3 7 2 0 .3 3 75 15 0 .0 1 08 01 3 1 

4 4 4 4 . 1 6 5 1 7 - 0 . 1 6 5 1 7 0 .4 5 99 34 - 0 . 4 3 8 8 2 - 0 . 4 3 0 2 3 - 0 . 3 9 7 0 3 0 .0 1 49 09 3 2 

 

2.4 Method of Data Gathering. 

In this research , the central composite design was undertaken, using the factor ranges in Table 2 below. 

Table 2: Welding Parameters and their levels 

Factors U n i t Symbol Low (-1) High (+1) 

Welding Current Ampere I 1 6 0 2 4 0 

Welding Voltage Volts V 2 0 3 0 

Welding Speed mm/sec S 3 5 7 5 

Welding time Seconds T 5 0 8 0 

Feed Rate mm/sec F R 7 0 1 4 0 

 



NOVATEUR PUBLICATIONS  

 INTERNATIONAL JOURNAL OF INNOVATIONS IN ENGINEERING RESEARCH AND TECHNOLOGY  

[IJIERT] ISSN: 2394-3696 Website: ijiert.org  

VOLUME 9, ISSUE 5, May. -2022 

4 | P a g e  
 

A design matrix for the response surface analysis was generated as displayed in Table 3.The equivalent 

design matrix in actual factors is shown table 4. 

 Tables 3 and 4 can be inter-converted by using the relation (Myers et al, 2009)  

Coded = 
Actual Value−Mean

half of range
                                                                          (1) 

 

Table 3: Design Matrix in coded factors 

I V S T F R 

0 0 - 1 . 7 5 0 0 

1 . 7 0 0 0 0 0 

- 1 1 1 1 - 1 

0 0 0 0 0 

1 - 1 1 - 1 1 

1 1 1 - 1 - 1 

-1.725 0 0 0 0 

0 - 1 . 8 0 0 0 

0 0 0 0 -1.743 

1 1 - 1 - 1 1 

1 1 - 1 1 - 1 

0 0 1 . 7 0 0 

0 0 0 -1.733 0 

0 0 0 0 0 

- 1 1 1 - 1 1 

0 0 0 0 0 

0 0 0 0 0 

- 1 1 - 1 1 1 

1 - 1 - 1 1 1 

0 0 0 1 . 6 6 7 0 

- 1 - 1 - 1 - 1 - 1 

0 1 . 6 0 0 0 

1 - 1 1 1 - 1 

0 0 0 0 1 . 7 1 4 

- 1 - 1 1 1 1 

0 0 0 0 0 

- 1 - 1 - 1 1 - 1 

- 1 1 - 1 - 1 - 1 
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Table 4: Design Matrix in actual factors 

R u n s I V S T F R 

1 2 0 0 2 5 2 0 6 5 1 0 5 

2 2 6 8 2 5 5 5 6 5 1 0 5 

3 1 6 0 3 0 7 5 8 0 7 0 

4 2 0 0 2 5 5 5 6 5 1 0 5 

5 2 4 0 2 0 7 5 5 0 1 4 0 

6 2 4 0 3 0 7 5 5 0 7 0 

7 1 3 1 2 5 5 5 6 5 1 0 5 

8 2 0 0 1 6 5 5 6 5 1 0 5 

9 2 0 0 2 5 5 5 6 5 4 4 

1 0 2 4 0 3 0 3 5 5 0 1 4 0 

1 1 2 4 0 3 0 3 5 8 0 7 0 

1 2 2 0 0 2 5 8 9 6 5 1 0 5 

1 3 2 0 0 2 5 5 5 3 9 1 0 5 

1 4 2 0 0 2 5 5 5 6 5 1 0 5 

1 5 1 6 0 3 0 7 5 5 0 1 4 0 

1 6 2 0 0 2 5 5 5 6 5 1 0 5 

1 7 2 0 0 2 5 5 5 6 5 1 0 5 

1 8 1 6 0 3 0 3 5 8 0 1 4 0 

1 9 2 4 0 2 0 3 5 8 0 1 4 0 

2 0 2 0 0 2 5 5 5 9 0 1 0 5 

2 1 1 6 0 2 0 3 5 5 0 7 0 

2 2 2 0 0 3 3 5 5 6 5 1 0 5 

2 3 2 4 0 2 0 7 5 8 0 7 0 

2 4 2 0 0 2 5 5 5 6 5 1 6 5 

2 5 1 6 0 2 0 7 5 8 0 1 4 0 

2 6 2 0 0 2 5 5 5 6 5 1 0 5 

2 7 1 6 0 2 0 3 5 8 0 7 0 

2 8 1 6 0 3 0 3 5 5 0 7 0 

2 9 2 4 0 3 0 7 5 8 0 1 4 0 

3 0 2 4 0 2 1 3 5 5 0 7 0 

3 1 1 7 0 2 0 7 5 5 0 7 0 

3 2 1 7 0 2 0 3 5 5 0 1 4 0 

 

2.5. Technique of Analysis of Data  

In this research,  the  RSM was used to optimize and predict melting efficiency. RSM is the gathering of 

mathematical and statistical msthods which optimizes a targeted response from several input variables. 

2.5.1. Fitting an Approximating Function  

Let the connection between the factors and responses be represented by   

 y = f(𝐗i) +  ε                                                                (2)      

    

Where X 

[
 
 
 
 
𝐱𝟏

𝐱𝟐

𝐱𝟑

𝐱𝟒

𝐱𝟓]
 
 
 
 

 = 

[
 
 
 
 

𝐈
𝐕
𝐒
𝐓
𝐅𝐑]
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The true nature of the functional relationship is not known. We attempt to fit a second order polynomial to 

the experimental data.  Applying Taylor’s series expansion through second order to equation 2, we obtain

  

y =  β0 + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + β11X1
2 + β22X2

2 + β33X3
2 

+ β44X4
2 + β55X5

2 + β12X1X2 +  β13X1X3 +  β14X1X4 + β15X1X5 + β23X2X3 

+ β24X2X4  +  β25X2X5 + β34X3X4 + β35X3X5 + β45X4X5                                            …     (2.1a) 

= βO + ∑βiXi + ∑βiiX
2
i

5

i=1

5

i=1

+ ∑ βijXiXj                                                         …      (2.1b)

5

i<j=2

 

Equation 3.2 is a second order response surface model to be fitted to the experimental data. 

To develop the model for the heat input, the sequential sum of squares is determined and the results are 

shown in table 5 below.  

 

Table 5: Sequential Sum of the Squares 

S o u r c e 
S u m  o f 

S q u a r e s 
D f 

M e a n 

S q u a r e 

F 

V a l u e 

p - v a l u e 

P r o b >  F 

M e a n  v s  T o t a l 6 5 1 6 0 . 5 1 6 5 1 6 0 . 5 
   

L i ne a r  vs  M e a n 6.191882 5 1.238376 0 . 6 2 7 5 3 8 0 . 6 8 0 3 
 

2 F I  v s  L i n e a r 41.73511 1 0 4.173511 6 . 9 7 5 4 6 5 0 . 0 0 0 4 
 

Quadratic vs 2FI 6.026179 5 1.205236 3 . 7 3 7 8 7 4 0 . 0 3 1 9 S u g g e s t e d 

Cubic vs Quadratic 2.346827 7 0.335261 1 . 1 1 7 5 3 7 0 . 4 8 5 3 A l i a s e d 

Quartic vs Cubic 0 0 
   

A l i a s e d 

Fifth vs  Quart i c 0 0 
   

A l i a s e d 

S i x t h  v s  F i f t h 0 0 
   

A l i a s e d 

R e s i d u a l 1 . 2 4 0 . 3 
   

T o t a l 6 5 2 1 8 3 2 2038.063 
   

 

Table 5 above shows the sequential sum of the squares for melting efficiency with respect to the possible 

candidate models ranging from mean, to linear to the sixth order polynomial model. 

The table shows the accumulated enhancement of the model fit as additional terms are included to the 

model. The linear row represents the enhancement in the model as a result of adding linear terms to the 

mean. The 2FI row similarly shows improvement due to adding 2-factor interaction (2FI) terms to both the 

linear and the mean. Terms similarly, the significance of adding quadratic terms to preceding terms is shown 

in the quadratic row or line. The goal of the activity is to get the most high order polynomial model that is 

significant and at the same time not aliased. The highest order model that is not aliased is the quadratic 

model and ie significant with a p-value of 0.0319, and F-value of 3.737874.The small sum of square, and 

mean square errors of 6.026179 and 1.205236 indicate that is a more suitable model for the data than the 

other models.  

In assessing the potency of the quadratic model towards maximizing the melting efficiency,  ANOVA was 

done, the result is presented as shown in the table below. 
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Table 6: ANOVA table for confirming the significance of the model towards the maximization of the 

melting efficiency 

S o u r c e 
S u m  o f 

S q u a r e s 
D f 

M e a n 

S q u a r e 

F 

V a l u e 

p - v a l u e 

P r o b >  F 

M o d e l 5 1 . 9 9 1 5 3 1 0 5 . 1 9 9 1 5 3 1 9 . 8 2 0 8 <  0 . 0 0 0 1 s i g n i f i c a n t 

A - I 0 . 2 2 8 1 6 2 1 0 . 2 2 8 1 6 2 0 . 8 6 9 8 2 6 0 . 3 6 1 6 
 

B - V 0 . 8 7 3 7 2 4 1 0 . 8 7 3 7 2 4 3 . 3 3 0 9 1 0 . 0 8 2 2 
 

C - S 1 . 2 1 2 6 1 1 1 1 . 2 1 2 6 1 1 4 . 6 2 2 8 5 2 0 . 0 4 3 4 
 

D - T 1 . 0 0 3 3 0 7 1 1 . 0 0 3 3 0 7 3 . 8 2 4 9 1 9 0 . 0 6 3 9 
 

E - F R 2 . 0 1 6 8 7 8 1 2 . 0 1 6 8 7 8 7 . 6 8 8 9 7 1 0 . 0 1 1 4 
 

A C 5 . 1 2 7 6 6 1 5 . 1 2 7 6 6 1 9 . 5 4 8 2 5 0 . 0 0 0 2 
 

A D 2 4 . 1 2 7 2 1 1 2 4 . 1 2 7 2 1 9 1 . 9 8 0 4 7 <  0 . 0 0 0 1 
 

B E 1 0 . 5 5 4 7 5 1 1 0 . 5 5 4 7 5 4 0 . 2 3 8 <  0 . 0 0 0 1 
 

C E 3 . 9 0 0 1 5 3 1 3 . 9 0 0 1 5 3 1 4 . 8 6 8 6 1 0 . 0 0 0 9 
 

C 2 4 . 5 4 0 8 4 6 1 4 . 5 4 0 8 4 6 1 7 . 3 1 1 1 3 0 . 0 0 0 4 
 

R e s i d u a l 5 . 5 0 8 4 6 7 2 1 0 . 2 6 2 3 0 8 
   

L a c k  o f  F i t 4 . 3 0 8 4 6 7 1 7 0 . 2 5 3 4 3 9 0 . 8 4 4 7 9 7 0 . 6 4 6 7 n o t  s i g n i f i c a n t 

P u r e  E r r o r 1 . 2 4 0 . 3 
   

C o r  T o t a l 5 7 . 5 3 1 
    

 

The Model F-value of 19.82 implies the model is significant.  There is only a 0.01% chance that a "Model F-

Value" this large could happen as a result of snoise. 

Values of "Prob> F" less than 0.0500 indicate model terms are significant.   

In this case C, E, AC, AD, BE, CE, C2 are significant model terms.   

Values greater than 0.1000 indicate the model terms are not significant.   

The "Lack of Fit F-value" of 0.84 implies the absence of Fit is not significant relative to the pure error.  

There is a 64.67% probability that an “absence of Fit –value” this large could happen as a result of noise.  

insignificant lack of fit is good -- we desire the model to fit. 

Table 7 below shows the summary statistics of the various polynomial model. Here the focus is on the 

model maximizing the “Adjusted R-Squared” and the “Predicted R-Squared”. 

 

Table 7 Model Summary Statistics 

S t d .  D e v . 0 . 5 1 2 1 6 
 

R - S q u a r e d 0 . 9 0 4 2 0 1 

M e a n 4 5 . 1 2 5 
 

A d j  R - S q u a r e d 0 . 8 5 8 5 8 2 

C . V .  % 1 . 1 3 4 9 8 1 
 

P r ed  R -S q u a r e d 0 . 7 9 0 0 2 5 

P R E S S 1 2 . 0 7 3 5 4 
 

A d e q  P r e c i s i o n 1 9 . 4 1 1 3 6 

 

The "Pred R-Squared" of 0.7900 is in moderately good  agreement with the "Adj R-Squared" of 0.8586. 

Adeq Precision  measures the signal to noise ratio.  A ratio greater than 4 is desirable.  The 

ratio of 19.411 shows a moderately good signal.  This model can be empioyed to navigate the design space. 

To obtain the optimal solution, the coefficient of the statistics was considered as presented in table 8 below. 

 

 

 

 

 



NOVATEUR PUBLICATIONS  

 INTERNATIONAL JOURNAL OF INNOVATIONS IN ENGINEERING RESEARCH AND TECHNOLOGY  

[IJIERT] ISSN: 2394-3696 Website: ijiert.org  

VOLUME 9, ISSUE 5, May. -2022 

8 | P a g e  
 

Table 8: Coefficient Estimate 

F a c t o r 
C o e f f i c i e n t 

E s t i m a t e 
D f 

S t a n d a r d 

E r r o r 

9 5 %  C I 

L o w 

9 5 %  C I 

H i g h 
V I F 

I n t e r c e p t 4 5 . 4 3 6 1 6 1 0 . 1 2 4 9 6 5 4 5 . 1 7 6 2 8 4 5 . 6 9 6 0 4 
 

A - I - 0 . 1 0 2 6 2 1 0 . 1 1 0 0 2 9 - 0 . 3 3 1 4 4 0 . 1 2 6 2 1 . 0 1 4 5 3 9 

B - V - 0 . 1 9 8 3 6 1 0 . 1 0 8 6 8 4 - 0 . 4 2 4 3 8 0 . 0 2 7 6 6 4 1 . 0 0 9 1 1 5 

C - S - 0 . 2 3 1 3 6 1 0 . 1 0 7 6 0 5 - 0 . 4 5 5 1 4 - 0 . 0 0 7 5 8 1 . 0 1 1 6 5 1 

D - T - 0 . 2 1 1 0 1 1 0 . 1 0 7 8 9 5 - 0 . 4 3 5 3 9 0 . 0 1 3 3 6 5 1 . 0 0 9 5 

E - F R 0 . 2 9 8 6 7 1 1 0 . 1 0 7 7 1 1 0 . 0 7 4 6 7 4 0 . 5 2 2 6 6 8 1 . 0 1 4 7 5 7 

A C 0 . 5 7 2 0 6 2 1 0 . 1 2 9 3 8 7 0 . 3 0 2 9 8 8 0 . 8 4 1 1 3 7 1 . 0 2 7 1 2 9 

A D - 1 . 2 3 5 6 4 1 0 . 1 2 8 8 3 8 - 1 . 5 0 3 5 8 - 0 . 9 6 7 7 1 1 . 0 1 9 9 2 6 

B E 0 . 8 0 5 7 4 4 1 0 . 1 2 7 0 2 2 0 . 5 4 1 5 8 7 1 . 0 6 9 9 0 1 1 . 0 2 2 2 9 8 

C E 0 . 4 8 4 9 0 3 1 0 . 1 2 5 7 5 4 0 . 2 2 3 3 8 5 0 . 7 4 6 4 2 2 1 . 0 2 3 0 0 7 

C ^ 2 - 0 . 4 9 9 0 3 1 0 . 1 1 9 9 3 9 - 0 . 7 4 8 4 5 - 0 . 2 4 9 6 1 . 0 0 1 8 4 2 

 

The optimal equation which shows the individual effects and combine interactions of the selected factors 

against the measured response (melting efficiency) is presented base on the coded variables and the actual 

factors has shown in the following equations. 

 

Final Equation in Terms of Coded Factors: 

ɳ = + 45.44 - 0.10*A - 0.20*B - 0.23*C - 0.21*D + 0.30*E + 0.57*A*C - 1.24*A*D +      0.81*B*E + 

0.48*C*E - 0.50*C2 

 

Final Equation in Terms of Actual Factors: 

ɳ = 41.00197 + 0.091967*I - 0.52312*V - 0.090087*S + 0.39781*T - 0.14467*FR + 7.15078E-004*I*S - 

2.05941E-003*I*T + 4.60425E-003*V*FR + 6.92719E-004*S*FR - 1.24756E-003*S2 

To study the effects of combine input variable on the response, melting efficiency, 3D Surface plot is 

presented in Figure 1 below. 

 

 
Figure 1: Influence of current and welding speed on melting efficiency 
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3. RESULTS AND DISCUSSION 

In this research, the RSM was used for the prediction of the melting efficiency of TIG welds. The model had 

p-values less than 0.05 which indicates the significance of the model and “Predicted R-Square” value of 

0.790025 is in moderately good agreement with the “Adj R-Squared” of 0.9985.  ANOVA was done and the 

result showed that the models is significant and possess a very good fit. To validate the significance and 

adequacy of the model a coefficient of determination (R-Squared) of 0.904201 indicating the appreciable 

strength of the model. The computed signal to noise ratio of 19.41136 as observed in table 7 shows a 

moderately good signal. This model can be employed to navigate the design space and adequately predict 

the melting efficiency. The model graph indicates the relationship of the combine variables on the measured 

response, heat input as presented in a 3-Dimensional surface plot. 

 

4. CONCLUSION 

The integrity of a weld is determined by the quality of the weld bead geometry. Melting efficiency is a very 

important factor considered in assessing the integrity of a weld. In this study, model for the optimization and 

the prediction of melting efficiency of mild steel. In this study, an approach using RSM for optimizing and 

predicting the melting efficiency of mild steel weldment in a weld to improve the integrity of welded joints 

has been successfully introduced and its effectiveness and efficiency well demonstrated.  
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