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Abstract: 

This paper investigates the effect of cutting parameter (spindle speed, depth of cut and feed rate) on H-13 material by using coated 

carbide insert by using  Response surface methodology was used to determine optimal value of cutting parameter on output 

response factor (surface roughness  (Ra), metal removal rate (MRR) and tool t ip temperature) with Central composite design 

(CCD).  Significant of the cutting parameter determine or calcu late by using analysis of variance (ANOVA), also the analysis of 

variance result predicted the three cutting parameter have significant on cutting temperature, surface roughness and metal removal 

rate. The industries have to concern about a number of performance characteristics simultaneously because focus on a single 

objective may appear as loss for rest of the objectives, and hence multi-objective optimization techniques may be suitable. H-13 

commonly uses industry to perform different types of work.  
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I. INTRODUCTION 

 

Now in present scenario metal cutting is one of the best vital 

process and widely used in manufacturing in engineering 

industry. To improve quality of the machined part is main  

challenge of metal industry, surface fin ishing is most 

important parameter in manufacturing engineering. Surface 

fin ishing take important task in many engineering application.  

Turning is very important machining process in which a single 

point cutting tool to remove unwanted material from the 

surface of a rotating cylindrical work piece and cutting tool is 

fed linearly in a direction parallel the axis of rotational. 

Carb ide cutting tool is very popular in metal cutting industry. 

For the cutting of hard material such as H-13, die steel, h igh 

speed, white cast iron, graphite cast iron and also other. 

Coating  process also used on cutting tool to provide improve 

lubrication between cutting tool and work p iece fo r reduced 

friction and temperature[1].  In order to develop and optimize a 

surface roughness model, metal removal rate, tool tip  

temperature it is essential to understand the current status of 

work in this area. The need for selecting and implementing 

optimal machin ing conditions and most suitable cutting tools 

have been felt over few decades. The surface fin ish of a 

product is usually measured in terms of a parameter known as 

surface roughness. It is considered as an index of p roduct 

quality. Better surface fin ish can bring about improved 

strength properties such as resistance to corrosion, resistance 

to temperature, and higher fatigue life of the machined 

surface. In addition to strength properties, surface fin ish can 

affect the functional behavior of machined parts too, as in 

friction, light reflect ive properties, heat transmission, ability of 

distributing and holding a lubricant etc. Surface fin ish also 

affects production costs. For the aforesaid reasons, the 

minimizat ion of the surface roughness is essential which in  

turn can be achieved by optimizing some of the cutting 

parameters Material removal rate has been counted as one of 

most important output characteristics for the quality 

measurement and represents the volume of metal removed per 

unit time. Higher material removal rate is always desirable in a 

machining operation as it  increases the productivity. When the 

tool is pressed in to the work piece, temperature arises due to 

the plastic deformation of the work piece and the rubbing 

action between the tool and chip. This temperature is highly 

undesirable because it leads to tool wear, reduces tool life and 

forms built up edge. 

 

II. LITERATURE REVIEW 

 

Satheeth Kumar et al. - [1] has presented that investigation 

effect of p rocess parameter during turning on carbon alloy 

steel in a CNC Lathe. He used insert tool material carbide tip  

tool and work piece was carbon steel. They was considered 

two parameter (i.e. spindle speed and feed rate) and this 

impact on output parameter (i.e. surface roughness). Surface 

roughness is directly p roportional on influenced by the spindle 

speed and feed rate and surface roughness increased with 

increased feed rate and is higher at lower speed. Surface 

roughness has major p layed an important ro le in  affecting 

friction, wear and lubrication of contacting bodies. When 

surface decreased with increased spindle speed or the surface 

roughness increased with increased feed rate. They surface 

fin ish achieved by turning on carbon alloy steel at low feed 

rate and high spindle speed. They had main objective to study 

effect of spindle speed and feed rate on surface roughness. 

 

Zahid et al. - [2] presented that cutting temperature is found 

to be within the range (566.593 C°-592.028 C°) such setting of 

machining parameters as like cutting speed within the range 

(100.12 m/min-250.00m/min), feed  rate within the range (0.13 

mm/rev-0.22 mm/rev) and depth of cut within the range (0.20 

m -0.85 mm) and the desirability of this optimized condit ion is 

about 100%. Cutting temperature is created by the cutting 

speed, feed rate, depth of cut, the quadratic value of feed rate, 

the interaction between cutting speed and feed rate, and the 

interaction between cutting speed and depth of cut as evident 

from ANOVA results. They have considered three input 

parameters (i.e . cutting speed, feed rate and depth of cut) and 

have significant effect on the cutting temperature. They had 
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finally concluded that the increase in temperature may affect 

the strength, hardness, wear resistance and life of the cutting 

tool, thermal damage to the work p iece and affect its 

properties and service life. 

 

Doriana et al. - [3] has presented that genetic algorithm for 

the determination of the cutting parameter in  machin ing 

during in  turning process. They used insert tool material was 

HSS and work piece material was cast steel on NC Lathe and 

genetic algorithm method used. They considered three input 

parameter (i.e. cutting speed, depth of cut and feed), this 

impact on minimum machin ing time and production, reduction 

in production cost, flexib ilities of machining parameter 

selection and improvement quality o f final product, because 

day by days of increasing demand of high precision 

component. They had main proposed methodology is 

capability to perform multi objective optimization and  main  

objective of this research paper is to optimize machin ing 

parameters during a turning process that min imize the 

production time without any violating any imposed cutting 

constraints. 

 

Routara et al. - [4] has presented that response surface 

methodology has been used to determine the optimum cutting 

conditions leading to minimum surface roughness or better 

surface in CNC turning operation on EN-8 steel. They used 

insert tool material was coated carbide and work piece 

material was EN-8 steel. . They considered three parameters 

(i.e . spindle speed and feed rate) and this impact on output 

parameter (i.e. surface roughness). Experiment surface 

roughness is decreases with increase cutting seed and depth of 

cut with feed. They used two method response surface 

methodology and genetic algorithm for optimization of 

roughness parameters. They had main objective to give high 

surface finish with high precision accuracy.  

 

Garcia et al. - [5] has presented that how reduce the 

production time and costs and increased automation of the 

process. The major performance of the three sensors 

(dynamometer, accelerometer and p iezometer) and their 

corresponding signal (cutting force, machine vibration and 

acoustic emission) in a surface fin ish and their effect on output 

parameter (i.e . surface roughness) and also on reduction 

production times, quality control procedures and overall cost 

of manufactured product. They studied two parameters for the 

characterizat ion of signals in  the frequency domain  (maximum 

frequency amplitude, and frequency of the maximum 

amplitude). It  was not significant in the predict ion of surface 

fin ish. Artificial Neural Network and Mult iple Regression 

Methods were used for optimization of turning parameters. 

 

Rao et al. - [6] has presented the significance of influence of 

speed, feed and depth of cut on response outputs parameter are 

cutting force and surface roughness. They have considered 

three parameter (i.e. cutting speed, depth of cut and feed) and 

this impact on surface roughness and cutting force. They used 

insert tool material is ceramic  insert and work piece material 

was ALSI 1050 steel. Taguchi method was used during 

experiment. They significant influence both on cutting force 

and surface roughness. They find depth of cut was  a 

significant influence on cutting force and insignificant 

influence on surface roughness. They majorly find out feed 

significant in fluence on both the cutting force as well as 

surface roughness. During experiment Cutting Speed had no 

significant effect on the cutting force as well as the surface 

roughness.  

Hrelja et al. - [7] has presented that eliminate the factor of 

material in order to gain an optimizat ion algorithm capable of 

optimizing parameters for different materials as well as shorter 

manufacturing times, lowering of the production costs. They 

considered input parameter (i.e . cutting speed, depth of cut 

and feed) this impact on surface finish (surface roughness) and 

cutting tool life. Part icle swarm optimization was used and 

this similar type of intelligent optimization. We will be do in  

future of excellent results in terms of optimization speed, 

which is roughly 60-times faster with rough initial deviation of 

5 –  7 % without any basic corrections of weight factors or 

main polynomial correction comparing to conventional PSO.  

 

Mukherjee et al. - [8] has presented that analysis showed that 

Depth of Cut had the most significant effect on MRR fo llowed 

by Feed. With an increase in  Depth of Cut MRR also 

increased. They have considered three parameter (i.e. cutting 

speed, depth of cut, feed) and their impact on MRR. They 

used insert tool material was carbide and work piece material 

was mild  steel Taguchi method has been employed with L25 

(5^3) Orthogonal Array are used, proposed optimal parameters 

it is possible to increase the efficiency of machin ing process 

and decrease production cost in the automated manufacturing 

environment. The Taguchi method is give importance to the 

selection of the most optimal solution (i.e. MRR) over the set 

of given input parameters (i.e. cutting speed, feed rate and 

depth of cut) with a reduced cost and increased quality. The 

optimal solution can be obtained least affected by any outside 

disturbances parameters like the noise or any other 

environmental conditions. 

 

Vasudevan et al. - [9] has presented that multi-response 

optimization problem can be converted into an equivalent 

single objective optimization prob lem. They considered three 

input parameter (cutting speed, nose radius, depth of cut, feed) 

and their impact on output parameter (i.e. surface roughness 

MRR) with insert tool material was PCD (poly  crystalline 

diamond) used and work p iece material was GFRP (Glass 

Fibre Reinforced  Plastic) composites. Taguchi method is used. 

They had objective was High cutting force is responsible for 

high cutting tool wear; low tool life and unstable machine tool, 

which may be affects dimensional accuracy. Machinability of 

composite materials depends upon the fibre type, resin type, 

fibre orientation and manufacturing method. Minimizing 

cutting forces and maximizing the material removal were 

considered as objectives. 

 

Surendra Kumar et al. - [10] has presented that feed is the 

most significant Process parameter followed by depth of cut 

and cutting speed on the selected response parameters. Feed is 

most significant parameter on COM (comprehensive output 

measure) it is followed by depth of cut and spindle speed and 

gives a result of minimize surface roughness and better MRR. 

They considered three parameter (i.e. cutting speed, depth of 

cut, feed).  They used Taguchi-fuzzy  combination method and 

insert tool material was carb ide tool and work piece material 

was Aluminium 8011 alloy. They have concluded that feed is 

found to be the most significant parameter fo llowed by depth 

of cut and spindle speed for surface roughness while depth of 

cut is most significant parameter for material removal rate 

followed by feed and spindle speed. Because of Surface 

roughness and material removal rate plays a vital role in  

deciding about the productivity in the present global 

manufacturing process. 
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Singarvela et al. - [11] has  present that min imization of 

surface roughness, cutting force and maximization of material 

removal rate, their effect is error d ifference between the 

predicted SN rat io and multi objective SN rat io was within the 

95% of confidence level when this experiment carried out. 

They considered three input parameter (cutting speed, Depth 

of cut, feed) and focused on output parameter (i.e. 

minimizat ion of surface roughness and maximization material 

removal rate) and also insert tool material was CVD coated 

carbide tool and work piece material was EN25 steel. Their 

experiment totally based on the Taguchi method. they had 

been achievement  high production rate is obtained with the 

help of h igh metal removal rate during turning operation and 

Tool life and surface finish been improved by properly  

controlling the cutting forces in machining process. 

 

Jayaraman et al. - [12] has presented that mult iple 

performance characteristics obtained from confirmation this 

experiment is within the 95% confidence interval of the 

predicted optimum condition. They used insert tool material 

was carbide tool and experiment conducted on AA 6063 T6 

aluminum alloy as a work p iece material. They have 

considered three input parameter (i.e. cutting speed, feed rate 

and depth of cut) and obtained output parameter (i.e. surface 

roughness, roundness and material removal rate) and used 

Taguchi method was used with using of g rey relational 

analysis. Best MRR is achieved through increasing the process 

parameters (i.e. cutting speed, feed and depth of cut). They 

concluded in this experiment that best multiple performance 

characteristics was obtained with insert tool material was 

uncoated carbide when turning aluminum alloy with the lower 

cutting speed of 119.22 m/min, lower feed rate of 0.05 mm/rev 

and medium depth of cut of 0.15 mm with the estimated 

multip le performance characteristics. 

 

Prakash Rao. et al. -  [13] has presented that machin ing 

Aluminum fly ash composites as the feed increases surface 

roughness increases but if while machining Alumin ium fly ash 

composites, as the cutting speed increases the surface 

roughness decreases. They had considered three parameters 

(i.e . cutting speed, feed rate and depth of cut) and obtained 

effect on output parameters (i.e. surface roughness) as well as 

they used tool insert K10 grade tungsten carbide and 

polycrystalline diamond and material was metal matrix 

composite. The metal matrix composites are produced us ing 

diverse technologies in order to meet present market demand 

such as lower density, higher wear resistance and thermal 

stability at lower cost per component. They considered 

parameters cutting speeds of 300m/min to600m/min in step of 

100m/min, feed o f 0.06mm/revolut ion to 0.24mm/revolution 

in step of 0.06mm/revolution using a constant depth of cut of 

1.2mm which is equal to three times to the nose radius of the 

cutting tool and also concluded that the hardness of the 

composite is greater than that of its  cast matrix alloy and the 

hardness of composite increases with increased fly-ash content 

 

Bandit Suksawat - [14] has presented that surface roughness 

evaluation system on cost nylon 6 during turn ing operation. 

He was used insert tool material single point high speed steel 

cutting speed and work p iece material was cast nylon 6 with 

25.4 d iameter and 120 mm in length and experiment carried 

out on tug-40 Nr- 1275 Lathe. They are considered three 

parameter (i.e. cutting speed, feed, and cutting force) and this 

impact on output parameter (i.e . surface roughness).  They had 

been achieved accuracy 87% accuracy approx. and average 

error was 4.87µm. He was used data acquisition system and 

fuzzy logic system. They had main object ive of this research 

paper is to achieve a min imum surface roughness and best 

surface finishing. 

 

Koleva et. al. - [15] has presented that Machining of surfaces 

with complex shape on CNC lathes is connected with 

deviations from the theoretical profile due to the varying 

strength of the cutting tool during contouring and 

compensating the errors from the mechanical deformation. It  

is possible to achieve a result where the uncompensated part 

of the deviations is less than 20%. The mechanical 

deformations depend on the radial (Fp) and feed (Ff) force 

components and the strength of the cutting tool, and they all 

vary depending on the direction of dimension-forming. 

 

Arshad Noor Siddiqueea et al. - [16] has presented that 

focused an application of the Taguchi method for the 

optimization of process parameters of deep drilling operations 

and It is also observed that the surface finish for deep drilling 

process can be improved effectively. They had considered 

three parameters (i.e. cutting speed, feed rate, cutting fluid, 

hole-depth and depth of cut) and obtained effect on output 

parameters (i.e. surface roughness) as well as they used insert 

tool material was carbide and work p iece material was AISI 

321 austenitic stainless steel. A lso they used Taguchi L18 

orthogonal array method with signal-to-noise (S/N) ratio and 

the analysis of variance (ANOVA). ANOVA was carried out 

to determine which machining parameter significantly  affects 

the surface roughness and also the percentage contribution of 

individual parameters. Finally they have concluded that the 

results of ANOVA indicated that all four cutting parameters 

significantly affected to the surface roughness with maximum 

contribution from speed (27.02%), fo llowed by cutting fluid  

(25.10%), feed (22.99%), and hole-depth (14.29%). 

 

Valeraa et. al. - [17] has presented that spindle speed, feed 

and depth of cut significantly affect the surface roughness and 

power consumption and optimize the cutting parameters to 

achieve a better surface fin ish with less power consumption. 

They have considered three parameters (i.e. cutting speed, 

feed rate, cutting fluid) and obtained effect on output 

parameters (i.e . surface roughness and power consumption) 

and also they used insert tool material was carbide and work 

piece material was EN 31 alloy steel. they set five different 

spindle speed in the experiment keeping feed rate of 0.08 

mm/rev and depth of cut of 0.4 mm constant, five d ifferent 

feed rate keeping spindle speed of 710 rpm and depth of cut of 

0.4 mm constant and also five different depth of cut keeping 

feed rate of 0.08 mm/rev and spindle speed of 710 rpm 

constant. Finally they conducted that effectiveness of surface 

roughness and power consumption in turning operation of EN 

31 alloy steel. 

 

Girish Kant et al. - [18] has presented that this research paper 

presents an artificial neural network technique coupled with 

genetic algorithm for the prediction and optimization of 

machining parameters leading to minimum surface roughness 

and predicted results are found to be close to the in  

experimental values. The mean relative error is 4.11% which 

shows that the developed model has good accuracy in 

predicting the surface roughness values. They considered three 

parameters (i.e . cutting speed, feed rate and depth of cut) and 

obtained effect on output parameter (i.e . surface roughness) as 

well as they used insert tool material carbide tool and wok 

piece material was AISI 1060 steel. They used artificial 

intelligence approaches method (artificial neural network and 
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genetic algorithm). They finally concluded that the min imum 

surface roughness value of 0.099μm corresponding to 

optimum machining parameters 4.65 m/sec of cutting speed, 

0.142 mm/tooth of feed, 0.67 mm depth of cut and 0.08 mm of 

flank wear. 

 

Razavykia et al. – [19] has presented that According to the 

ANOVA analysis, all ma in effects of machin ing parameters 

have influenced on the surface roughness. Predictive models 

for surface roughness are statistically significant as P-Value is 

less than 0.05 at 95% confidence level. They have considered 

two input parameter (i.e. cutting speed and feed) and output 

parameter (i.e. surface roughness). The experiments were done 

on both work-pieces viz. Al-20%Mg2Si (unmodified) and Al-

20%Mg2Si-0.01%Sr (modified) during and coated carbide 

tool insert. Design of experiment (DOE) methodology was 

applied to design experimental trials and the results were 

analyzed using Analysis of Variance (ANOVA). Finally they 

have concluded that due to low proximity d ifference between 

predicted results and actual results with each other, based on 

confirmat ion tests, the predictive model is sufficient accurate 

at reliability of 95%. 

 

Jenn-Tsong et al. -  [20] Investigating the machinability 

evaluation for Hadfield steel in the hard turning with 

Al2O3/TiC mixed by using ceramic tool based on the response 

surface methodology. They have used uncoated cutting tool 

and work p iece material was handfield steel. They have 

considered four parameters (i.e. Spindle speed, cutting speed, 

feed rate, depth of cut and tool corner radius) and obtained 

effect on output parameters (surface roughness and flank 

wear). They have concluded that flank wear is in fluenced by 

feed and cutting speed and tool corner radius significant on the 

surface roughness. 

 

III. CONCLUS ION 

 

RSM (Response surface methodology) optimization gives best 

optimize parameters, because industrialization sector want to 

concern about a number o f performance characteristics 

simultaneously because focus on a single objective may  

appear as loss for rest of the objectives so that multi-object ive 

optimization techniques may be suitable for the 

experimentation. That’s why we consider three input 

parameter (Spindle Speed, Feed, Depth of Cut) which makes 

effects on output variables (surface roughness, metal removal  

rate and tool tip temperature) and also want 95% confidence 

level. 
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