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ABSTRACT 

Modern, seeking to remain competitive in the market, rely on their manufacturing engineers and 

production personnel to quickly and effectively set up manufacturing processes for new 

products. Taguchi Parameter Design is a powerful and efficient method for optimizing quality 

and performance output of manufacturing processes, thus a powerful tool for meeting this 

challenge. This thesis discusses an investigation into the use of Taguchi Parameter Design for 

optimizing surface roughness generated by a conventional lathe. Control parameters being 

consider in this thesis are spindle speed, feed rate and depth of cut. After experimentally turning 

sample work pieces using the selected orthogonal array and parameters, this study expected to 

produce an optimum combination of controlled parameter for the surface roughness. 

INTRODUCTION: 

Turning is the most widely used among all the cutting processes. The turning process defines as, 

“The process of removing unwanted material from rotating job which is fixed on chuck by using 

different cutting tool (Generally single point cutting tool). The excess amount of material has 

been removed by using cutting tool.  The tool advances with respect to work for each revolution 

is called as feed. The distance that the tool moved in work is called as Depth of cut. And the 

rotation per unit time of spindle is considered as spindle speed. There are different methods used 

for the optimization of turning on different work metals. For optimization of turning process 

some input and output parameters are considered.  In which some are theoretical and some are 

analytical. From all methods we pick one of the most preferred methods is TAGUCHI method. 
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The increasing importance of turning operations is gaining new dimensions in the present 

industrial age. The manufacturing industries are trying to decrease the cutting costs, increase the 

quality of the machined parts and machine more difficult materials. Machining efficiency is 

improved by reducing the machining time with high speed machining. The material removal rate 

(MRR) is an important characteristic in turning operation and high MRR is always desirable. 

Hence, there is a need to optimize the process parameters in a systematic way to achieve the 

output characteristics/responses by using experimental methods and statistical models. Dr. 

Taguchi employed design of experiments (DOE), which is one of the most important and 

efficient tools of total quality management (TQM) for designing high quality systems at reduced 

cost Optimization of a single response results the non-optimum values for remaining responses. 

In solving many problems in engineering, it is necessary to consider the application of multi 

response optimization, because the performance of the manufactured products is often evaluated 

by several quality characteristics. Though the Taguchi approach is used for a single response 

problem, most of the researchers proposed various methods for multi response problem by 

modifying it. 

 Taguchi method is used to obtain the improved quality of products and processes. Improved 

quality results when high performance levels are to be consistently obtained. The highest 

possible performance is obtained by determining the optimum combination of design factors. 

Performance consistency is obtained by making the product/process insensitive to the influence 

of the uncontrollable factors. In Taguchi’s approach, an optimum design is determined using 

experimental design principles, and performance consistency is achieved by carrying out trial 

conditions under the influence of noise factors. 

 LITERATURE REVIEW 

Literature study is required to understand the correct objective of the project work. The past 

research work gives the better idea and clear contain of cognition. It helps us to reach to a 

particular destination. The goal is “Optimization of turning process parameters for stainless Steel 

using Taguchi Method”. 

1.Marimuthu P. Chandrasekaran K (2011) conducted a experimental study on stainless steel 

for optimal setting of machining parameters using taguchi and neural network. According to 
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them optimum cutting parameters for each performance measure is obtained by employing 

Taguchi techniques. The orthogonal array, signal to noise ratio and analysis of variance 

(ANOVA) are employed to study the performance characteristics in turning operation and SR 

and TW of the multilayer coated cutting tool for CNC turning of austenitic stainless steel (AISI 

316) under are taken as responses for analysis process.  

2. Chandrakanth P ,Reddy Pk (2017) conducted an experiment on  Optimizing of high speed 

turning parameters of inconel 625 (super alloy) by using Taguchi Technique. According to him 

The increasing use of super alloy (inconel) in aerospace and automobile industries necessitates 

the knowledge of their machinability at higher cutting speeds, which is not adequate at present. 

Further, less attention has been paid to optimize the process conditions to improve machinability 

in terms of cutting forces. 

 3. Govindan P ,Vipindas M P (2014) reviewd surface quality optimization in turning 

operations using taguchi method. According to them Process optimization is the discipline of 

adjusting a process to optimize some specified set of parameters without violating some 

constraint. The most common goals are minimizing cost, maximizing throughout, and/or 

efficiency. 

4. Abhang and Hameedullah, (2010) Describes Surface roughness imposes one of the most 

significant constraints for the selection of cutting parameters and machine tools in development 

of a process. 

 5. Shirpurkar et al., (2012) The latest techniques for optimization, Fuzzy Logic, Scatter Search 

technique, Ant Colony technique, Genetic Algorithm, Taguchi technique, Response Surface 

Methodology etc. are being applied successfully in industrial applications for optimal selection 

of process variables in the area of machining. 

6. Alakesh Manna,Sandeep Salodkar (2008) describes the procedure to obtain the machining 

conditions for turning operation considering unit cost of production as an objective function. In 

this study, the Taguchi method a powerful tool for experiment design is also used to optimize the 

cutting parameters to achieve better surface finish and to identify the most effective parameter 

for cost evolution during turning. 
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7. R W Lanjewar, P Saha, U Datta, A J Banarjee, S Jain and S Sen (2008) investigate the use 

of different tool material and process parameters for minimum machining forces for selected 

parameter range. Comparative studies are made to select the process parameters for turning 

operation on AISI 304 austenitic stainless steel on auto sharpening machine in order to find 

optimum machining parameter. 

 

8. G.Akhyar, C.H. Che Haron, J.A. Ghani (2008) investigated that Taguchi optimization 

methodology is applied to optimize cutting parameters in turning Ti-6%Al-4%V extra low 

interstitial with coated and uncoated cemented carbide tools under dry cutting condition and high 

cutting speed. 

9. J. Paulo Davim , Lui´s Figueira (2007)  investigated that, a plan of experiments, based on 

orthogonal arrays, was made in turning with prefixed cutting parameters in tool steel workpieces. 

A combined technique using orthogonal array and analysis of variance (ANOVA) was employed 

to investigate the machinability of cold work tool steel. 

10.W.H. Yang  investigated(1998)  the Taguchi method provides a systematic and efficient 

methodology for the design optimization ofthe cutting parameter with far less effect than would 

be required for most optimization techniques. 

METHODOLOGY 
 

1.TAGUCHI METHOD 

The Taguchi experimental design method is a well-known, unique and powerful technique for 

product or process quality improvement. It is widely used for analysis of experiment and product 

or process optimization. Taguchi has developed a methodology for the application of factorial 

design experiments that has taken the design of experiments from the exclusive world of the 

statistician and brought it more fully into the world of manufacturing. His contributions have 

also made the practitioner’s work simpler by advocating the use of fewer experimental designs, 

and providing a clearer understanding of the nature of variation and the economic consequences 

of quality engineering in the world of manufacturing. Taguchi introduces his concepts to:  
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Quality should be designed into a product and not inspected into it.  

Quality is best achieved by minimizing the deviation from a target.  

The cost of quality should be measured as a function of deviation from the standard and the 

losses should be measured system-wide.  

Taguchi recommends a three-stage process to achieve desirable product quality by design-system 

design, parameter design and tolerance design. While system design helps to identify working 

levels of the design parameters, parameter design seeks to determine parameter levels that 

provide the best performance of the product or process under study. The optimum condition is 

selected so that the influence of uncontrollable factors causes minimum variation to system 

performance. Orthogonal arrays, variance and signal to noise analysis are the essential tools of 

parameter design. Tolerance design is a step to fine-tune the results of parameter design. 

DOE techniques enable designers to determine simultaneously the individuals and interactive 

effects of many factors that could affect the output results in any design. DOE also provides a 

full insight of interaction between design elements; it helps turn any standard design into robust 

one. Simply doe helps to pin point the sensitive parts and sensitive areas in designs that cause 

problems in response variable. We are then able to fix these problems and produce vigorous 

results. 

Taguchi envisaged new method of conducting the design of experiments which are based on well 

defined guidelines. This method uses a special set of arrays called orthogonal array. This 

standard array stipulates the way of conducting the minimum number of experiment which could 

give the full information of all the factors that affect the performance parameter. While there are 

many standard orthogonal arrays available, each of arrays is meant for a specific number of 

independent design variables and levels. 

Taguchi method consist of a plan of experiments with the objective of acquiring data in a 

controlled way, executing these experiments and analyzing data, in order to obtain information 

about the behavior of a given process. It uses orthogonal arrays to define the experimental plans 

and the treatment of the experimental results is based on the analysis of variance (ANOVA). 

Taguchi method also helps to reduce no of experiments and gives maximum information about 

the results with minimum experimentation. L9 orthogonal array is employed to analyze 
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experimental results of machining obtained from 9 experiments by varying three process 

parameters viz. cutting speed, depth of cut and feed rate. 

ANOVA was developed by Sir Ronald Fisher in 1930 and can be useful for determining 

influence of any given input parameter for a series of experimental results by design of 

experiments for machining process and it can be used to interpret experimental data. ANOVA is 

statistical based objective decision making tool for detecting any differences in average 

performance of groups of items tested. While performing ANOVA degrees of freedom should 

also be considered together with each sum of squares. In ANOVA studies a certain test error, 

error variance determination is very important. Obtained data are used to estimate F value of 

Fisher Test (F-test). Variation observed (total) in an experimental attributed to each significant 

factor or interaction is reflected in percent contribution (P), which shows relative power of factor 

or interaction to reduce variation. 

2. DESIGN OF EXPERIMENT: 

A designed experiment is a series or a series of tests in which some purposeful changes are made 

to the input variables of a process and then the corresponding changes in the output response are 

identified and observed. 

The process variables may be controllable or uncontrollable of which the uncontrollable factors 

are called noise factors. 

The objectives of experimental design may include: 

Determining the most influential variables on the response, y. 

Determining where to set the influential x‟s such that y is near the nominal requirement. 

Determining where to set the influential x‟s such that variability in y is small. 

Determining where to set the influential x‟s such that the effects of the uncontrollable variables z 

are minimized. 

  Statistical process control and design of experiment, though two closely related tools for 

improvement and optimization of processes, design of experiment offers a more effective 
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method as compared to statistical process control. Statistical process control is a passive 

statistical method; we watch the process and then wait for some information that leads to a useful 

change. Passive information may not provide much useful information if the process is in 

control. However, design of experiments is an active statistical method: a series of tests are 

actually being performed on the process, making changes in the input, and observing the 

corresponding changes in the outputs. This leads to information that can lead to process 

improvement 

 Guidelines for designing experiments: 

1.Recognition of and statement of the problem: It is highly essential to fully develop all ideas 

about the problem at hand and also about the specific objectives of the experiment. Input from all 

concerned parties- engineering, marketing, customers, quality, management and the operators are 

to be solicited. This helps in better process understanding and eventually solving the problem. 

2.Choice of factors and levels: Choices of factors to be varied in the experiment must be made, 

the ranges over which the factors are varied and the specific levels at which runs are made. 

Process knowledge is a combination of practical knowledge and theoretical understanding and it 

is necessary for proper choice. The number of factor levels should be kept low for factor 

screening. All factors that may be of importance must be examined. Much stress should not be 

laid on post experience. 

3.Selection of the response variable: While selecting the response variable, it must be ascertained 

that the variable actually provides useful information about the process under study. Very often, 

the mean or standard deviation or both are chosen as response variables. 

4.Choice of experimental design: Choice of design requires consideration of sample size,    

selection of a suitable run order for experimental trials and whether or not blocking and other 

randomization restrictions are involved. 

 5.Performing the experiment: While running the experiment, it is necessary to carefully  monitor 

the process to ensure that everything is being done according to the plan. Errors in experimental 

procedure at this stage generally destroy experimental validity. 
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6.Data analysis: Statistical methods should be used to analyse the data such that results and  

conclusions are objective and not judgemental. Use of simple graphical methods as well as 

software is done. 

7.Conclusions and recommendations: Once the data has been analysed, the experiment should 

draw practical conclusions about the results and hence recommend a course of action. 

3. ANOVA 

Analysis of variance (ANOVA) is an extremely important method in exploratory and 

confirmatory data analysis. Unfortunately, in complex problems (e.g., split-plot designs), it is not 

always easy to set up an appropriate ANOVA. We propose a hierarchical analysis that 

automatically gives the correct ANOVA comparisons even in complex scenarios. The inferences 

for all means and variances are performed under a model with a separate batch of effects for each 

row of the ANOVA table. We connect to classical ANOVA by working with finite-sample 

variance components: fixed and random effects models are characterized by inferences about 

existing levels of a factor and new levels, respectively. We also introduce a new graphical 

display showing inferences about the standard deviations of each batch of effects. We illustrate 

with two examples from our applied data analysis, first illustrating the usefulness of our 

hierarchical computations and displays, and second showing how the ideas of ANOVA are 

helpful in understanding a previously fit hierarchical model. 

CONCLUSION 

Taguchi method has been adopted for the design of experiments and results have been by 

minimizing S/N ratio. Optimization of the surface roughness was done using Taguchi method 

and Predictive equation was obtained. A confirmation test was then performed which depicted 

that the selected parameters and predictive equation were accurate to within the limits of the 

measurement instrument. While studying the effect of the cutting parameters on the feed force, it 

was observed that both the cutting speed and the depth of cut play equally important roles in the 

effect on the feed force. The role of the feed given is not crucial to the same extent.  While 

studying the effect of the cutting parameters on the thrust force, it was observed that the cutting 

speed exerts a huge influence on the magnitude of the thrust force while the effect of feed and 

depth of cut on thrust force is comparatively less and equal to each other approximately. 
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