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Introduction 

Engine valve seats are components used in internal 

combustion engines. Thus, they should exhibit excellent 

wear resistance and hardness as the product is usually 

under high stress and high temperatures during 

functioning (Mascarenhas et al., 2015). An example of 

this kind of alloy is Stellite cobalt-chromium-tungsten, 

which is most frequently used to deposit on valve seats 

due to its resistance to extreme hardness, corrosion, and 

high temperature. However, an issue arises when 

depositing Stellite powder on valve seats using welding 

processes, which easily increases defects such as blow 

holes (Selvi et al., 2008) 

Blow holes are cavities that form due to the formation 

of gases when the weld pool solidifies, obstructing the 

quality of the weld and the service of the component. 

Adjusting the welding variables is unavoidable to 

minimize the chances of developing blow holes and thus 

obtain a quality Stellite layer on the valve seats (Bansod 

et al., 2023). This research aims to establish the effect of 

selected TIG welding parameters such as weld speed, 

welding feed rate, and welding current on the 

development of blow holes when applying Stellite 

powder on valve seats (Bharath et al., 2008). The 

conclusions reached will be useful in determining ways 

of enhancing the welding process to increase the 

deposition quality and the general performance of 

Stellite-coated valve seats (Smoqi et al., 2021). 
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Abstract: The quality of the Stellite powder coated on these valve seats depends on 

the discharge profile and is crucial to the service length and quality of these seats, 

especially when called upon to work at their maximum capabilities. This research 

seeks to work out how to minimize blow holes in the TIG welding process when 

depositing Stellite powder while maintaining other desirable qualities of the weld. In 

this respect, the work uses the OVAT technique and Taguchi design approach to 

analyze the effect of the major welding parameters, such as weld speed, feed rate and 

welding current, on the formation of blow holes. The research shows that it is possible 

to gain a remarkable increase in weld quality when the parameters mentioned are 

strictly controlled. In this systematic experimentation, the optimal welding condition 

found out was the welding speed of 6.5 rpm, feed rate of 120 mm/min, and welding 

current of 150A. With this combination, these parameters were determined to reduce 

the chances of blow-holes forming and increase the welds' quality and durability. 

With respect to the study objectives, the present investigation offers a clear direction 

to enhance TIG welding of valve seats with special reference to minimize the defects. 

Analysis done in the study shows that the welding parameters have the greatest impact 

in reducing the blow holes; the feed rate is 56.61%, weld speed is 22.28% and 

welding current is 20.17%. The results enhance weld quality, offering rules for 

eradicating imperfections in the TIG welding of valve seats, which is crucial for high-

performance sectors. 
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It is essential to produce valves with high deposition 

quality of Stellite powder on valve seats to achieve valves 

with high wear and tear application performance. Valve 

seats or the interfaces that do the sealing between the 

valve and the seat, are chosen for engines and a number 

of general applications; these are subjected to various 

usage conditions including high temperature, pressure, 

and corrosive usage. It is specially declared that cobalt-

chromium alloy Stellite has satisfactory wear tendencies 

and hardness degree, and these qualities do not seize at 

high temperatures. However, a great difficulty which may 

hinder the coating of a defect-free Stellite powder on the 

valve seats is the formation of blow holes while 

undergoing TIG welding (Ding et al., 2017). 

Blow holes, or porosity, is a Weld Defect that 

indicates small holes or cavities in the weld metal, 

significantly reducing the welded joint's capabilities and 

durability. The other common signs of blow holes include 

a wrong weld setting on parameters such as speed of 

welds, feeding rate, and welding current. Therefore, the 

indicants of these parameters are significant in improving 

the quality of the Stellite deposits and the life span of the 

valve seats. 

The implementation of the Taguchi method of design 

using robust statistics for a process has been 

recommended and given a lot of consideration due to its 

success in identifying the optimal parameters of the 

process (Li et al., 2006). Taguchi’s method uses 

orthogonal arrays in planning the experiments, which 

makes it possible to have a very large number of trials 

while at the same time ensuring that the level of accuracy 

of the experiment is not compromised. In addition to 

obtaining the optimum value of process variables, one is 

also able in this procedure to establish how these 

variables influence one another and are important in 

deciding the quality of the welds made (Vora et al., 

2021). 

The objective of this study is to analyze, avoid and 

minimize the formation of blow holes so that the 

deposition quality of Stellite powder on valve seats can 

be enhanced by comparing various TIG welding 

characteristics, including weld speed, feed rate, and 

current intensity (Das et al., 2017). This research will use 

OVAT analysis together with Taguchi's design strategy to 

establish the parameter levels that offer enhanced weld 

quality. The study will address weld quality problems and 

suggest how to improve Stellite deposition in industrial 

practices (Prakash et al., 2024). 

Optimizing the deposition of Stellite powder on valve 

seats remains of prudent importance since the 

improvement of material properties is vital, especially in 

applications where aggressive stress is prevalent, such as 

in automobiles and aerospace technology. Reducing blow 

holes by influencing TIG welding parameters enhances 

wear, corrosive and heat resilience, improving the service 

lifespan of valve seats (Cheemalapati et al., 2023). 

Experimentation 

Design of Experiment  

There are numerous methods for optimizing a process, 

product, or operation. The curing process can be 

optimized by using a variety of strategies. To obtain 

statistically significant results, it is occasionally 

necessary to combine multiple methodologies, which 

might result in more insightful conclusions and 

suggestions. Build Test Fix (BTF), Design of Experiment 

(DOE), and One Variable at a Time (OVAT) are a few 

widely used techniques in the development of processes 

or products; BTF is a very antiquated and disorganized 

methodology. The process of creating a procedure that 

focuses on improving from the previous experiment is 

done iteratively (Sahu and Andhare, 2018).  

Because it changes several factors at once, DOE is an 

extremely effective way to examine the impact of 

parameters. A greater number of novel combinations are 

needed when more parameters are examined (Durakovic, 

2017).  DOE depends more on statistical data and is 

unable to manage specific factors. With the one variable 

at a time (OVAT) technique, changes are made to one 

variable at a time while maintaining the same values for 

the other parameters until the impact of that one 

parameter is examined (Telford and Uy, 2009).  

This approach is incredibly accurate for examining the 

impact of every parameter at various scales. The three 

main factors influencing TIG welding were found to be 

air flow rate, cycle time, and cycle time. The Taguchi 

approach has been applied to optimize the process 

parameters in light of the observation. An OVAT analysis 

was carried out to determine the effective range of 

parameters for the optimization study. The L9 orthogonal 

array (OA) has been chosen among the available designs. 

Below is the standard notation for OA.  

OA = Ln (Xm). 

Where X is the number of levels, m is the number of 

parameters being studied and n is the number of 

experiments. From the designs that are accessible for the 

three levels and three parameters, the OA that requires 

the fewest experiments to conduct (L9) has been chosen. 

ANOVA was used to determine how each variable 

contributed to the final result. Minitab software has been 

used for analysis (Srivastava et al., 2008). 
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Experimental Machine Selection 

All the experiments were conducted at Durovalve 

India Pvt. Ltd. F-57-58, MIDC, Waluj, Aurangabad and 

Maharashtra-431133. 

 

Figure 1. Tungsten Inert Gas (TIG) welding setup 

Machine. 

Material and Method 

Material  

Cobalt is the foundation of the alloy known as Stellite 

12. In terms of characteristics, it is in the middle of 

Stellite 6 and 12. It is more resistant to abrasion and low-

angle erosion because of its larger concentration of 

extremely hard carbides (8%) compared to Stellite 6 

(4.25%) (Sigmund, 2021).  

Because of its increased tungsten content, stellite has 

greater high-temperature strength and can withstand 

temperatures of up to 700°C. Because it can withstand 

both abrasion and corrosion at high temperatures, stellite 

is frequently used as a cutting tool for carpets, plastics, 

paper, and wood. The same qualities make it beneficial 

for industrial mold plungers, pumps, and valve 

components (Sawant and Jain, 2017). 

Methods 

Setup phase: Before starting the main experiments, set 

up the welding equipment and follow the specifications 

given by the Taguchi L9 array to supply the standardised 

test materials, for instance, the Stellite powder for 

deposition in order to maintain consistent parameters 

across the experiments(Dzukey and Yang, 2019). 

Execution phase: Each trial is an execution of the 

experimental run as specified by the L9 orthogonal array 

deposit of the Stellite powder on valve seats by the TIG 

welding method, recording the value of the blow holes 

rate of each experimental run (Chang et al., 2008) 

Analysis phase: Use statistical methods to make an 

analysis of results to identify the main effects and 

interaction of the welding parameters and make Analysis 

of Variance (ANOVA) to identify the significance and 

contribution of the parameter to blow hole formation 

(Prasad et al., 2011) 

OVAT and Taguchi's methods were selected because 

both correlate with minimal blow holes in TIG welded 

structures. OVAT technology also enabled the direct 

assessment of such parameters as weld speed, feed rate, 

and current. The Taguchi method is cheaper and more 

efficient to apply since it only requires a minimum of 

experiments, fitting the bill of an ideal method for 

Table 1. Chemical Composition and Physical Properties. 

Co Cr W C Others Hardness Density Melting Range 

Base 27-32 7.5-9.5 1.4-2.0 Ni, Fe, Si, Mn 45-51 HRC 

435-590 HV 

8.53 g/cm3 

0.308 lb/in3 

1225-1280ºC 

2240-2335ºF  
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Figure 2. Experimental Procedure flow chart. 
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optimizing many parameters (John et al., 2024). These 

practical benefits of the Taguchi approach over methods 

such as Response Surface Methodology (RSM) include 

fewer experiments needed to consider interactions and 

process variation, which is a cheaper way to increase 

weld quality (Jain et al., 2024). 

Method Experimental procedure an outline 

OVAT Analyses 

One variable at a time, in this analysis, a range of 

values is taken into consideration in order to determine 

the true range of the variables in which the desired or 

optimized value may be discovered. The OVAT study 

considers the feed, current, speed, and all other 

parameters, all of which are held constant, and checks the 

number of blow holes, out of which one thousand are 

found (Paes  et al., 2017). 

The one-variable-at-a-time analysis, also known as 

OVAT analysis, is a statistical method utilized to 

determine the most significant parameters that impact a 

specified process or system. The OVAT analysis is an 

easy and uncomplicated method that may be utilized to 

rapidly find the most relevant aspects (Ilie et al., 2018). 

Selection of values 

The machine's technical guidelines are used to 

determine the basic criteria. These criteria are utilised to 

select the levels of factors for the Tungsten Inert Gas 

(TIG) welding of various parameters (Tiwari et al., 

2014). 

Weld Speed (rpm):                 5.5, 6.0, 6.5, 7.0, 7.5 

Feed Rate (mm/min):             100, 110, 120, 130, 140 

Welding Current (A):             130, 140, 150, 160, 170 

Effect of weld speed on blow holes. 

Variation in Blow hole rate with change weld speed is 

shown in graph 1. 

The feed rate and welding current are kept constant, 

and the weld speed varies from 5.5 rpm to 7.5 rpm. From 

Graph 1, it has been observed that as weld speed 

increases with increasing blow hole rates, it also has been 

observed that the most affected areas and the rate of 

change in blow hole rates are higher in the region of 6 to 

7 rpm. Hence, this level of factor was selected. 

Table 3. OVAT for feed rate. 

Sr. No. 
 Feed Rate 

(mm/min)   
Weld Speed (rpm)                 

Welding Current 

(A)             

Blow Holes  

(No’s) 

1 100 5.5 130 65 

2 110 5.5 130 75 

3 120 5.5 130 82 

4 130 5.5 130 85 

5 140 5.5 130 86 

Table 2. OVAT for weld speed. 

Sr. No.    Weld Speed (rpm)                  

Feed Rate 

(mm/min)

  

Welding Current 

(A)             

Blow Holes  

(No’s) 

1 5.5 100 130 65 

2 6.0 100 130 68 

3 6.5 100 130 74 

4 7.0 100 130 79 

5 7.5 100 130 81 
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Figure 3. Blow holes rate Vs Weld speed. 
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Justification: Moreover, according to OVAT analysis, 

the welding speed produces more blow holes for faster 

weld pool solidification and excluding the gas. 

Furthermore, if the speed is high, heat input decreases, 

resulting in inadequate fused layers and higher formation 

of defects. 

Effect of feed rate on blow holes. 

Variation in Blow hole rate with change in feed rate is 

shown in graph 2. 

 As the feed rate changed from 100 to 140 mm/min, 

the weld speed and welding current were maintained at 

the same levels. Graph 2 shows that as the feed rate 

increases from 100 to 140 mm/min, the blow hole rate 

likewise increases. Additionally, it has been noticed that 

the most affected area and the rate of change of the blow 

holes rate is greater in the region of 100 to 120 mm/min. 

Hence, this level of factor has been selected  

Justification: In OVAT analysis, an increase in the 

feed rate produces a high incidence of blow holes 

because feeding at high rates places a large volume of 

material in the weld pool, which may not melt and fuse 

properly. This excess material can seal off the gaseous 

products, possibly forming within the metal-forming 

body and causing blow holes. Moreover, an increase in 

feed rate is said to affect the stability of the weld pool and 

thus create an environment conducive to defect 

formations. 

Effect of welding current on blow holes. 

Variation in Blow hole rate with change in welding 

current is shown in graph 3. 

Feed Rate and weld speed are kept constant and 

welding current varies from 130 to 170 A. From Graph 3, 

it has been observed that as welding current increases 

with increasing blow hole rate, it also has been observed 

that the most affected area and the rate of change of blow 

hole rate is higher in the region of 140 to 160 A. Hence, 

this level of factor has been selected. 

Justification: In OVAT analysis, welding current high 

increases blow holes because it offers the heat required to 

melt and fuse the material. This leads to an enhanced 

answer key and fixed weld pool, giving an adequate area 

for the gas to discharge and minimizing the gas trap 

issue. However, other bearings showed that a high current 

leads to overheating and other defects, but in the tested 

range, the effect of higher current was to minimize blow 

holes. 

Selections of Levels 

Results and discussion 

Using a statistical method, experiments are conducted 

effectively. The Taguchi design approach is a statistical 

technique that yields precise conclusions: 

The main purpose of the optimization approach is to: 

1. To reduce the amount of Experiments conducted. 

2. The influence of a greater number of input 

variables and their levels may be examined. 

3. The optimal amounts of variables may be 

determined. 

4. Residual error can be carried out. 

Table 4. OVAT for welding current 

Sr. No. 
Welding Current 

(A)              

Weld Speed 

(rpm)              

Feed Rate 

(mm/min)   

Blow Holes  

(No’s) 

1 130 5.5 100 65 

2 140 5.5 100 63 

3 150 5.5 100 57 

4 160 5.5 100 54 

5 170 5.5 100 55 

Figure 4. Blow hole rate Vs feed rate. 
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Table 5. Selections of Levels. 

Sr. No Level 1 Level 2 Level 3 

Weld Speed 

(rpm) 
6.0 6.5 7.0 

        Feed Rate 

(mm/min) 
100 110 120 

Welding 

Current (A):              
140 150 160 

L9 Orthogonal Array 

 As a result of its effective and successful design of 

Experimentation, which reduces the overall number of 

trials by gathering data, Taguchi is the optimisation 

strategy that is utilised the most frequently in the 

Engineering Design industry (Application of Design of 

Experiments (DOE) using Dr. Taguchi Orthogon., 2014). 

Because there are three levels for each parameter, 

there are a total of three levels. In light of this, the 

Taguchi L9 orthogonal array is utilised. The findings of 

the experiments that were carried out after the blow hole 

rate was determined using Taguchi's L9 orthogonal array 

are presented in the table under consideration (Lee et al., 

2017). 

For instance, if it performs an experiment to examine 

the effect of thirteen different independent variables, each 

of which has three stated levels, an orthogonal L9 matrix 

might be the ideal option for it to go with. It is 

recommended that the L9 OA consider the influence of 

thirteen independent components, each of which could 

have three-factor values. Although the assumption of the 

interaction model is not valid in many instances and there 

is evidence of interaction, this table gives the impression 

that there is no interaction between the two parts (Vallejo 

et al., 2008). 

In this investigation, each of the three components, 

namely, feed, speed and current, is given three levels, and 

an orthogonal L9 matrix is utilised to carry out the 

simulations. There is still no content in the fifth column. 

The orthogonal L9 network was created by utilising the 

Minitab programme, with the input variables and their 

respective levels being provided. 

Experimental result for blow holes rate 

 The L9 orthogonal array with repeat measurement of 

responses for runs one through nine is displayed in Table 

6. Minitab software's saturation design flaw is fixed by 

repeatedly using the response measuring approach. 

Additionally, it demonstrates that the SN ratios for runs 

one and ten match the values determined for the repeated 

measurement. The signal-to-noise ratio values are 

computed using Minitab software. One can use the S/N 

ratio to assess how different input parameters affect the 

Table 6. Standards L9 Orthogonal Array. 

Sr. No Weld Speed (rpm)         Feed Rate (mm/min) Welding Current (A)             

1 6.0 100 140 

2 6.0 110 150 

3 6.0 120 160 

4 6.5 100 150 

5 6.5 110 160 

6 6.5 120 140 

7 7.0 100 160 

8 7.0 110 140 

9 7.0 120 150 

50

53

56

59

62

65

68

130 140 150 160 170

B
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w
 h

o
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Welding Current ( A)

Welding Current

Figure 5. Blow hole rate Vs welding current. 
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blow hole rate. A higher S/N ratio indicates an impact of 

the factor on the blow hole rate (Ragavendran et al., 

2019). 

Finally, since the principal aim of this work was 

mainly focused on interpreting the actual effects of the 

input factors, statistical tools such as the Analysis of 

Variance (ANOVA) could be employed to set out the 

pertinent outcomes. Other uses of the data include 

Developing a model that will predict the rate at which 

blow holes will occur given the elements that are fed into 

the model. 

Main Effects of Blow holes rate 

The S/N ratio response table, which shows the S/N 

ratio at each level of the control factor, was used to 

analyze the impact of each control variable (feed, current, 

and speed) on the blow hole rate. A greater SN ratio with 

better characteristics that MINITAB determined was 

utilized throughout the experimental testing. The full SN 

ratio values represent the SN ratio for the initial test. 

From the graph, it can be seen that the optimal blow hole 

rate occurred around the top of the response curve. The 

optimal input parameters were 6.5 rpm welding speed 

(level 2), 120mm/min feed rate (level 3), and 150A 

welding current (level 2). 

The graph illustrates the impact of control 

parameters on valve material. The arrangement of 

process parameters with the greatest ratio consistently 

yields the best quality with the least amount of variance. 

The graph demonstrates how the connection changed as 

the configuration of the control factor was altered from 

one level to another. 

These Taguchi findings are in good accord with the 

regression analysis. The regression analysis using 

Table 7. Cumulative data for SN Ratio blow holes rate. 

Experiments Input Factors Output Responses 

Trial No. Weld Speed 

(rpm) 

        Feed 

Rate 

(mm/min) 

Welding 

Current (A)             

Blow Holes 

Rate (No’s) 

S/N Ratio 

1 6.0 100 140 66 -36.3909 

2 6.0 110 150 56 -34.9638 

3 6.0 120 160 60 -35.5630 

4 6.5 100 150 61 -35.7066 

5 6.5 110 160 60 -35.5630 

6 6.5 120 140 53 -34.4855 

7 7.0 100 160 73 -37.2665 

8 7.0 110 140 62 -35.8478 

9 7.0 120 150 58 -35.2686 

Figure 6. Main effect plots for mean of SN ratio mean of blow holes rate. 
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Minitab statistical software predicts the ideal amount of 

observed response based on the principal effect diagrams 

for factors such as current, speed and feed. A signal-to-

noise ratio called the SN ratio lets it see how different 

inputs change the output reaction. What comes out is the 

blow holes rate on the material in this case. 

Analysis of Variance 

Analysis Of Variance is the statistical method 

employed in this study (ANOVA). ANOVA was used to 

identify statistically significant machine parameters and 

the percentage contribution of these parameters to the 

blow holes rate. ANOVA is a statistical method used in a 

variety of ways to construct and validate hypotheses for 

observed data. 

The table shows the ANOVA for valve material. The 

table demonstrates that the Weld Speed (22.28%), Feed 

rate (56.61%), and welding current (20.17%) have a 

significant impact on the blow hole rate. Analysis of 

variance is used to assess the models' significance 

(ANOVA). This statistical technique is employed in trials 

when numerous variables are assessed simultaneously to 

test the null hypothesis. The Fisher (F) test in ANOVA is 

used to analyse the experiment's variances quickly. The 

ANOVA analysis's result is shown in the table. The 

finding that P is less than 0.05 for each of the three 

parametric sources is made possible by the ANOVA 

analysis (Sharma et al., 2024).  

Thus, it is clear that the nylon66 material is affected 

by (1) Weld Speed, (2) Feed Rate, and (3) welding 

current. The degree of influence that each factor has on 

the outcome is shown by the proportion of its 

contribution to the total variance in the final column of 

the cumulative ANOVA table. 

The percentage contributions in the ANOVA table 

were calculated by dividing each factor's adjusted sum of 

squares (Adj SS) by the total adjusted sum of squares 

(Total Adj SS) and multiplying by 100. 

# Weld Speed (22.28%): Indicates a moderate 

influence on blow hole formation, accounting for about 

22.28% of the variability. 

# Feed Rate (56.61%): The highest contribution, 

showing it has the most significant impact on reducing 

blow holes, emphasizing its critical role in weld quality. 

# Welding Current (20.17%): This shows a significant 

but lesser effect on blow hole occurrence compared to 

feed rate and weld speed. 

• S: This value refer to the standard error of the 

estimation. It tests the mean squared error of the 

predicted from the actual values. When substituted 

with the appropriate label value, S equals 0. 1544, 

clearly showing that the predicted values are nearly 

comparable with the actual values. 

• R-Sq: This gives the coefficient of determination, 

which refers to the extent of variance in the 

dependent variable (blow holes rate) that can be 

accounted for by the independent variables (speed, 

feed and current). R-Sq, in this case, is 99. 08%. This 

means that 99. Therefore, the model manages to 

predict only 08 % of the variation of blow hole rate 

among the cars in the market. 

• R-Sq(adj): This is the adjusted coefficient of 

determination, which is the coefficient of 

determination, but given as a higher number to 

punish the model for adding more unnecessary 

parameters. It offers a better assessment of the 

model’s performance  hen a ne  set of data is fed 

into the model. In this case, R-Sq(adj) is 96 percent 

higher compared to the initial prediction of 50 

percent & 32%. This is very high, implying that the 

model does a very good job determining the blow-

hole rate. 

 

Figure 7. Percentage Contribution of blow holes rate 

by input parameters. 

Weld 

Spee…

feed rate

57%

Welding 

current

20%

Blow holes rate

Table 8. ANOVA Result of Blow holes rate. 

Source DoF Adj SS Adj MS F-Value P-Value 

% 

Contribution 

Weld Speed 2 1.15590 0.57795 24.24 0.040 22.28 

Feed Rate 2 2.93680 1.46840 61.59 0.016 56.61 

Welding Current 2 1.04666 0.52333 21.95 0.044 20.17 

Residual Error 2 0.04769 0.02384    

Total 8 5.18705     
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Multiple Linear Regression Models  

To determine the relationships between (1) the Weld 

Speed, (2) the feed rate, and (3) the welding current for 

engine valve deposit material, the statistical software 

"Minitab" was developed using the multiple linear 

regression model. Statistically significant terms are 

included in the model. The final calculated equation is as 

follows. 

Using Minitab software, mathematical models of 

speed, feed and current computed, and regression 

analysis is used to determine the expected value of blow 

holes rate 

Regression Equation 

Blow 

Holes 

= 60.0 + 4.0 [Weld Speed]-

 0.50 [Feed Rate] + 0.20 

[Welding Current] 

Substituting the recorded values of the variables into 

the preceding equations, it can be shown from regression 

analysis that Equation has a greater impact on the blow 

holes rate  

Comparison of Experimental and Mathematical 

Analysis of blow holes rate 

          Taguchi design and ANOVA provide a 

remarkably exact mathematical model for predicting 

results. This may be because the parameter level in this 

project has a very narrow range. In addition, every 

attempt has been made to keep noise levels consistent 

during the trial. 

Because of this, the number of blow holes increases 

for the first sample and decreases for the ninth sample. 

Experiments numbered 1 through 9 comprise the Taguchi 

design L9 array; each experiment contains a unique mix 

of parameter levels and various parameter levels. Using a 

confirmation test, the predicted S/N ratio values were 

analysed. Table displays the experimental and expected 

values. As the difference between the experimental and 

projected values is less than 10%, the experimental work 

is considered satisfactory (Bradley et al., 1999). 

Confirmation Test for blow holes rate 

Table 10 compares blow hole rate findings derived 

from the mathematical model created in the current study 

with empirically determined values. By comparing the 

results of values produced from the blow holes rate 

equation with the confirmation test results, we have 

determined that the confirmation test validates the 

equation for values not present in the orthogonal array. 

Thus, the above-mentioned multiple regression equation 

relates the composite's assessment of blow hole rate to 

the degree of approximation. 

An experiment was conducted on Weld Speed at level 

2, Feed rate at level 3 and Welding Current at level 2. 

Valid agreement: A small error percentage (<10%) 

indicates a good agreement between the model prediction 

Table 9. Model Summary. 

S R-Sq R-Sq(adj) 

0.1544 99.08% 96.32% 

Figure 8. Experimental Vs Predicted blow holes rate. 
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and the experimental value. In this case, the error 

percentage of 7.17% is well within acceptable limits. 

Table 10. Comparison of Experimental and 

Predicted blow holes rate. 

Sr. 

No. 

Experimental 

value 

Predicted 

value 

Error 

% 

1 66 62 6.54 

2 56 59 5.08 

3 60 56 7.01 

4 61 67 8.95 

5 60 63 4.76 

6 53 54 0.30 

7 73 70 4.28 

8 62 61 1.63 

9 58 57 1.75 

Table 11. Optimum level of parameters. 

Sr. No. Parameter Optimum level 

1 
Weld Speed (Level 

2) 
6.5 rpm 

2 Feed rate (Level 3) 120 mm/min 

3 
Welding Current 

(Level 2) 
150 A 

Table 12. Confirmation experiment result. 

Parameter 
Predicted  

value 

Experimental 

value 

Error 

% 

Blow holes 

rate 
56 52 7.17 

There are certain limitations and different 

interpretations regarding the study. The conclusions are 

limited to Stellite powder coating; the effect of 

interaction between the different welding parameters is 

not fully investigated. There were limitations with 

internal validity, such as environmental influences and 

differences in equipment were not controlled and may 

affect reliability; the sample size may be insufficient to 

secure reliable generalization. Other welding processes 

like MIG or laser welding might have different outcomes, 

and the Stellite powder's characteristics also play an 

essential role in the weld's quality. It could also be seen 

that all the optimal welding parameters that were noted 

here could be different based on the specific welding 

situation, which further calls for further study. Finally, 

the fatigue characteristics and reliability of the 

investigated welded connections under working loads 

should be studied further. 

Conclusions 

Based on the analysis and experimentation, the 

following conclusions can be drawn regarding the effect 

of welding parameters on blow holes in seat deposit 

engine valves: 

• The proposed control strategies for obtaining the 

least blow holes in this work entail a slow weld speed, a 

high feed rate, and a moderate welding current. Namely, 

the weld speed should not exceed the value of 6. Owing 

to blow holes if the cutting speed was 0 rpm, feed rate 

120 mm/min and welding current 150A. 

• The statistical analysis, including the ANOVA, 

confirmed that feed rate is the most significant factor, 

followed by weld speed and welding current. 

• ANOVA results indicate that feed rate plays a 

prominent role in determining the blow hole rate. The 

contribution of weld speed, feed rate and welding speed 

to the quality characteristics of blow holes is 22.28%, 

56.61% and 20.17%, respectively. 

• The model summary indicates high predictive 

accuracy with an R-Sq(adj) value of 96.32%, suggesting 

that the regression model effectively predicts blow-hole 

rates based on the input parameters. 

Future Scope 

In future one may conduct the same work in following 

different ways, 

• Experimentation can be carried out on different 

material with different input parameters combinations. 

• Mixed optimization can be also done. 

• The different methodology of analysis and also 

for optimization can be use. 

• In future, an attempt will be made to understand 

the microstructures through microscopic analysis. 

• In the present study, the Taguchi method was 

used for the optimization of process parameters; one may 

use other techniques for the same experimental data. 
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