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Abstract 

In the last few years the development of new materials show deep growth but the major problem is it’s machining. So it is 

necessary adopt new machining methods. CNC (Computer Numerical Control) milling machine is one of the common machine 

tools in machine industry. Face milling is very common method for finishing of new materials and machined materials. The 

determination of optimal process parameters such as spindle speed, tool feed and depth of cut are one of the vital parameters. All 

experiment conduct on CNC face milling machine on SS202 material. During the face milling process, the material is removed 

by the face mill cutter. The effects of various parameters of face milling process like spindle speed, depth of cut, feed rate have 

been investigated to reveal their Impact on Material Removal Rate and surface roughness using Taguchi Methodology. The 

experiments are conducted by using Taguchi L9 orthogonal array as suggested by Taguchi. Signal-to-Noise (S/N) ratio and 

Analysis of Variance (ANOVA) is employed to analyses the effect of milling parameters on material removal rate and surface 

roughness. Experimental plan is performed by a Standard Orthogonal Array. The results of analysis of variance (ANOVA) 

indicate that the proposed mathematical model can be adequately describing the performance within the limit of factors being 

studied and various plots were generated by using MINITAB software.   

Keywords: optimization, Taguchi method, ANOVA, cutting parameter, MRR, surface roughness 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

Among several CNC industrial machining processes, milling is a fundamental machining operation. Face milling is the most 

common metal removal operation encountered. It is widely used in a variety of manufacturing in industries. The quality of the 

surface plays a very important role in the performance of milling as a good-quality milled surface significantly improves fatigue 

strength, corrosion resistance, or creep life. Milling is a process of producing flat and complex shapes with the use of multi-tooth 

cutting tool, which is called a milling cutter and the cutting edges are called teeth. The axis of rotation of the cutting tool is 

perpendicular to the direction of feed, either parallel or perpendicular to the machined surface. The machine tool that 

traditionally performs this operation is a milling machine. Milling is an interrupted cutting operation: the teeth of the milling 

cutter enter and exit the work during each revolution. This interrupted cutting action subjects the teeth to a cycle of impact force 

and thermal shock on every rotation.     The tool material and cutter geometry must be  designed to withstand these conditions. 

Cutting fluids are essential for most milling operations. 

 
Fig. 1: Milling Operation 
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II. LITERATURE REVIEW 

Zhang et. al. in 2007 studied Taguchi design application to optimize surface quality in a CNC face milling operation for 

aluminum. The Taguchi design is an efficient and effective experimental method in which a response variable can be optimized, 

given various control and noise factors, using fewer resources than a factorial design. This study included feed rate, spindle 

speed and depth of cut as control factors, and the noise factors were the operating chamber temperature and the usage of different 

tool inserts in the same specification, which introduced tool condition and dimensional variability. An orthogonal array of L9(34) 

was used; ANOVA analyses were carried out to identify the significant factors affecting surface roughness, and the optimal 

cutting combination was determined by seeking the best surface roughness (response) and signal-to-noise ratio. Finally, 

confirmation tests verified that the Taguchi design was successful in optimizing milling parameters for surface roughness.   

BAJIC et. al. in 2008 observed the cutting parameters on face milling for surface roughness. Cutting speed, feed rate and depth 

of cut had been taken into consideration. A series of experiments have been carried out in accordance with a design of 

experiment (DOE). In order to obtain mathematical models that are able to predict surface roughness two different modeling 

approaches, namely regression analysis and neural networks, had been applied to experimentally determined data. Obtained 

results have been compared and neural network model gives better explanation of the observed physical system. Optimal cutting 

parameters have been found using simplex optimization algorithm.  

Routara et. al. in 2008 investigated machining parameters spindle speed, depth of cut and feed rate on CNC end milling. In 

this study, experiment was conducted for three different work piece materials (6061-T4 aluminum, AISI 1040 steel and medium 

leaded brass UNS C34000). Five roughness parameters, Centre line average roughness, root mean square roughness, skewness, 

kurtosis and mean line peak spacing have been considered. The second-order mathematical models, in terms of the machining 

parameters, had been developed for each of these five roughness parameters prediction using response surface method on the 

basis of experimental results. It is found that the response surface models for different roughness parameters are specific to work 

piece materials. An attempt had also been made to obtain optimum cutting conditions with respect to each of the five roughness 

parameters with the help of response optimization technique.  

M. Kalandhar et. al. in 2010 suggested  a multi-characteristics response optimization model based on Taguchi and Utility 

concept is used to optimize process parameters, such as speed, feed, depth of cut, and nose radius on multiple performance 

characteristics, namely, surface roughness (Ra) and material removal rate(MRR) during turning of AISI 202 austenitic stainless 

steel using a CVD coated cemented carbide tool. Taguchi’s L8 orthogonal array (OA) is selected for experimental planning. The  

experimental result analysis showed that the combination of higher levels of cutting speed, depth of cut, and nose radius and 

lower level of feed is essential to achieve simultaneous maximization of material removal rate and minimization of surface 

roughness. The ANOVA and F-tests are used to analyze the result.                                                              

Joshi et. al. in 2012 studied the MRR of aluminum on CNC Vertical End Milling. Machining is a widely accepted material 

removal process used to manufacture components with complicated shapes and profiles. CNC end milling is a unique adaption of 

the conventional milling process which uses an end mill tool for the machining process. During the End milling process, the 

material is removed by the end mill cutter. The effects of various parameters of end milling process like spindle speed, depth of 

cut, feed rate have been investigated to reveal their Impact on o Material Removal Rate using Taguchi Methodology. 

Experimental plan is performed by a Standard Orthogonal Array. The results of analysis of variance (ANOVA) indicate that the 

proposed mathematical model can be adequately describing the performance within the limit of factors being studied. The 

optimal set of process parameters has also been predicted to maximize the MRR. 

Yadav et. al. in 2012 investigated machining performance of Medium Carbon Steel AISI 1045 in turning for surface roughness 

in dry conditions. In this study, the effect and optimization of machining parameters (cutting speed, feed rate and depth of cut) on 

surface roughness is investigated. An L27 orthogonal array, analysis of variance (ANOVA) and the signal-to-noise (S/N) ratio 

were. Three levels of machining parameters were used. It was concluded that feed rate was the most significant factor affecting 

surface roughness followed by depth of cut. Cutting speed was the least significant factor affecting surface roughness. Optimum 

results are finally verified with the help of confirmation experiments.  

Saini J. et. al. (2013) investigates the SR of stainless steel AISI 202 in milling operation. Since surface finish has been one of 

the most important considerations in determining the machinability of materials. The input machining parameters were being 

consider in this research are spindle speed, tool feed and depth of cut for the surface roughness.. The tool used for the face 

milling operation is carbide inserted face milling cutter. The Taguchi’s L9 orthogonal array has been used to design the 

combinations of parameters for the experiments. The optimum levels of input parameters have been found by Taguchi’s method 

are 2500 rpm spindle speed, 200 mm/min tool feed and 0.2 mm depth of cut. For the above results one more experiment was 

conducted to confirm these results and test results were found to agree with the theoretical conclusions.    

B. vijaya krishna teja et al. in 2013 investigate that Austenitic steels are hard materials to machine due to their high strength, 

high ductility and low thermal conductivity. This paper reports an experimental study on performance characteristics of AISI 304 

stainless steel during CNC milling process. In milling process the surface roughness (SR) and material removal rate (MRR) are 

the most important performance characteristics, which are influenced by many factors like cutting speed, feed rate and depth of 

cut. The selection of these parameters at optimum level plays a vital role in getting minimum surface roughness and maximum 

MRR. This paper presents multi-objective optimization of milling process parameters using Grey-Taguchi method in machining 

of AISI 304 stainless steel. The experiments are conducted based on Taguchi’s L27 orthogonal array by taking cutting speed, 
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feed rate and depth of cut at three levels. The Grey relational analysis is used to obtain the relation between the machining 

parameters and performance characteristics. The complete experimental results are discussed and presented in this paper. 

Amit Joshi et. al. in 2013 investigated that CNC End milling is a unique adaption of the conventional milling process which 

uses an end mill tool for the machining process. CNC Vertical End Milling Machining is a widely accepted material removal 

process used to manufacture components with complicated shapes and profiles. During the End milling process, the material is 

removed by the end mill cutter. The effects of various parameters of end milling process like spindle speed, depth of cut, feed 

rate have been investigated to reveal their Impact on surface finish using Taguchi Methodology. Experimental plan is performed 

by a Standard Orthogonal Array. The results of analysis of variance (ANOVA) indicate that the feed Rate is most influencing 

factor for modeling surface finish. The graph of S-N Ratio indicates the optimal setting of the machining parameter which gives 

the optimum value of surface finish. The optimal set of process parameters has also been predicted to maximize the surface 

finish. 

Navneet K. Prajapati  et. al. in 2013 suggested that Efficient turning of high performance SS 316 austenite steel material can 

be achieved through proper selection of turning process parameters to minimize surface roughness and maximize material 

removal rate. In this present paper outlines an experimental study to optimize and study the effects of process parameters in CNC 

turning on Surface roughness and material removal rate of SS 316 (austenite steel) work material in dry environment conditions 

using physical vapour deposition (PVD) coated ceramic insert with 0.8mm nose radius and 80°negative rhombic angle. The full 

factorial method and analysis of variance are employed to study the performance characteristics in CNC turning operation. Three 

machining parameters are chosen as process parameters: Cutting Speed, Feed rate and Depth of cut. The experimentation plan is 

designed using design of experiment, L27  

orthogonal array and Minitab-16 statistical software is used. Optimal values of process parameters for desired performance 

characteristics are obtained by analysis of variance (ANOVA). Prediction models are developed with the help of grey relational 

analysis method using Minitab-16 software and finally the optimal and predicted results are also verified with the help of 

confirmation experiments. 

Ankush Aggarwal  et. al. in 2014 investigated that Taguchi method through a case study in straight turning of AISI 202 

stainless steel bar on CNC Machine ( Mfd by ACE DESIGNERS) using Titanium Carbide tool for the optimization of Material 

removal rate, Surface Roughness and tool wear process parameter. The study aimed at evaluating the best process environment 

which could simultaneously satisfy requirements of both quality as well as productivity with special emphasis on maximizing 

material removal rate and minimizing surface roughness and tool flank wear at various combination of cutting speed, feed, depth 

of cut. The predicted optimal setting ensured maximum MRR and minimum surface roughness and tool wear. Since optimum 

material removal rate is desired, so higher the better criteria of Taguchi signal to noise ratio is used for MRR – SNs = -10 

log(Sy2/n) For surface roughness and tool wear – SNL = -10 log(S(1/y2)/n) The results have been verified with the help of S/N 

Ratios calculation and various graphs have been plotted . 

Thakkar et. al. in 2014 investigated the process parameters like speed, feed, and depth of cut for optimization of surface 

roughness. All experiments were conduct on CNC turning machine on SS410 material. In the present work, Design of 

Experiment (DOE) with full factorial design had been explored to produce 27 specimens on SS410 by straight turning operation. 

Material removal rate (MRR) will be calculated from MRR equation and software available for it and then compare it. Collected 

data related to surface roughness have been utilized for optimization. 

III. CUTTING PARAMETERS 

The three primary factors in any basic turning operation are speed, feed, and depth of cut. Other factors such as kind of material 

and type of tool have a large influence, of course but these three are the ones the operator can change by adjusting the controls, 

right at the machine. 

 Speed: A.

The cutting speed is the cutting speed of cutter of milling machine, measured in meter per minute (m/min). The preferred speed 

is determined based on the material being cut. Excessive cutting speed will cause premature tool wear, breakages, and can cause 

tool chatter, all of which can lead to potentially dangerous conditions. Using the correct cutting speed for the material and tools 

will greatly affect tool life and the quality of the surface finish. For a given machining operation, the cutting speed will remain 

constant for most situations; therefore the cutting speed will also remain constant. Facing operations on a lathe however involve 

the machining of a constantly changing diameter. Ideally this means changing the cutting speed as the cut advances across the 

face of the work piece, this was harder to do in practice and was often ignored unless the work demanded it. The introduction 

of CNC controlled lathes has solved this awkward problem as variable speed electric motors are a practical solution to the 

problem. 

 Feed:                                                                                                               B.

It is the velocity at which the cutter is fed, that is, advanced against the work piece. It is expressed in units of distance per time 

for milling (typically inches per minute [ipm] or millimeters per minute); with considerations of how many teeth (or flutes) the 

cutter has then determining what that means for each tooth. 
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Feed rate is dependent on the: 

 Surface finish desired. 

 Power available at the spindle (to prevent stalling of the cutter or work piece). 

 Rigidity of the machine and tooling setup (ability to withstand vibration or chatter). 

 Strength of the work piece (high feed rates will collapse thin wall tubing). 

 Characteristics of the material being cut, chip flow depends on material type and feed rate. The ideal chip shape is small 

and breaks free early, carrying heat away from the tool and work. 

 Depth of Cut: C.

It refers to the amount of material being taken per pass. This is how deep the tool is under the surface of the material being cut. 

This will be the height of the chip produced. Typically, the depth of cut will be less than or equal to the diameter of the cutting 

tool. 

IV. RESPONSE PARAMETERS 

 Material Removal Rate: A.

Material removal rate is the volume of material removed per unit time from the work piece surface. We can calculate material 

removal rate as the volume of material removed divided by the time taken to cut. The volume removed is the initial volume of 

the work piece minus the final volume. The cutting time is the time needed for the tool to move through the length of the work 

piece this parameter strongly influences the finishing grade of the work piece. 

  
        

    
 

Where, 

 Q = MRR (cm
3
/min)                          

 ae = radial depth (mm)  

 ap = axial depth ( mm)                     

  vf = feed rate (mm/min) 

Material removal rate basically depend upon the feed rate, spindle speed, tool diameter and depth of cut. It is important output 

characteristic in milling or every machining process because MRR has direct relation with the production. And quick and high 

production is the need of modern production system. Thus every company focuses on the optimization of the technical 

parameters for high material removal rate. In end milling, the cutter generally rotates on an axis vertical to the work piece. It can 

be tilted to machine tapered surfaces. Cutting teeth are located on both the end face of the cutter and the periphery of the cutter 

body. In the end milling we use the multipoint cutting tool and the MRR is high comparatively than single point cutting tool use 

in turning. But milling is use in high speed machining in the modern industry and for higher production there is the necessity of 

high MRR. 

 Surface Roughness: B.

Roughness is a measure of the texture of a surface. It is quantified by the vertical deviations of a real surface from its ideal form. 

If these deviations are large, the surface is rough; if they are small the surface is smooth. Roughness is typically considered to be 

the high frequency, short wavelength component of a measured surface. Surface roughness is an important measure of product 

quality since it greatly influences the performance of mechanical parts as well as production cost. Surface roughness has an 

impact on the mechanical properties like fatigue behavior, corrosion resistance, creep life, etc.  surface roughness tester to 

measure surface roughness of work piece. 

 
Fig. 2: Surface Roughness Tester 
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V. CONCLUSION & FUTURE WORK 

From the above literature survey we found that most effected parameters to cutting condition are cutting speed, feed rate and 

depth of cut and they are easily controlled by operator at the machine at same time. All turning operation will be performed on 

CNC face milling machine. In which input parameters are cutting speed, feed  and depth of cut and the response parameters are 

material removal rate and surface roughness.  We will use surface roughness tester to measure surface roughness and MRR will 

measured by mathematical equation. We will use SS202 work piece material for face milling operation. For Experimental design 

extended taguchi method will be used for optimization process & find out number of readings. To identified the significant factor 

and to find out percentage contribution of each input parameter for obtaining optimal conditions we will use ANOVA method. 

Using the signal to noise ratio and mean ANOVA calculations, the optimum output characteristics will be predicted by Minitab.  
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