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Abstract— In today's rapidly changing scenario in 

manufacturing industries applications of optimization 

techniques in metal cutting processes was essential for a 

manufacturing unit to respond effectively to severe 

competitiveness and increasing demand of quality product in 

the market. Optimization methods in metal cutting 

processes, considered to be a vital tool for continual 

improvement of output quality in products. This study 

focused in finding the optimum cutting parameter that will 

produce the less flank wear, best surface finish and 

maximize material removal rate. Lathe machine will used to 

conduct the experiment. Selecting the wrong cutting 

parameter may lead to several negative effects(For example: 

poor surface finish of the work pieces, short tool life, low 

production rate, material waste and increase production 

cost) so for that reason , at the end of this study, we will 

give optimize the process parameter for turning. 
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I. INTRODUCTION 

Turning is the removal of metal from the outer diameter of a 

rotating cylindrical work piece. Turning is used to reduce 

the diameter of the work piece, usually to a specified 

dimension, and to produce a smooth finish on the metal. 

Often the work piece will be turned so that adjacent sections 

have different diameters. Turning is the machining operation 

that produces cylindrical parts. In its basic form, it can be 

defined as the machining of an external surface: 

 
Fig. 1: Adjustable parameters in turning operation 

 With the work piece rotating. 

 With a single-point cutting tool, and 

 With the cutting tool feeding parallel to the axis of 

the work piece and at a distance that will remove 

the outer surface of the work. 

II. LITERATURE REVIEW  

The Literature review on AISI H13 is a new approach 

present to optimize the Material removal rate,Flank Wear 

and Temperaturethrough design of experiment by using full 

factorial design. The purpose of this study is to investigate 

the influence of turning parameters, such as cutting speed, 

feed and depth of cut on material removal  rate ,flank wear 

and  temperature produced when turning of AISI H13. 

Suleymannes_eliinvestigation focuses on the 

influence of tool geometry on the surface finish obtained in 

turning of AISI 1040 steel. They have been conducted 

experiment on to find out the effect of tool geometry 

parameters on the surface roughness during turning. They 

have been analysed surface roughness by response surface 

methodology (RSM) and they also developed prediction 

model was for average surface roughness (Ra) using 

experimental data. The results indicated that the tool nose 

radius was the dominant factor on the surface roughness. 

They observed that the good agreement between the 

predicted and measured surface roughness. Therefore, the 

developed model can be effectively used to predict the 

surface roughness. They showed that the result of ANOVA 

proved that the quadratic mathematical models allow 

prediction of surface roughness parameter with a 96% 

confident interval. The Tool nose radius is the most 

significant factor on surface roughness with 51.45% 

contribution in the total variability of model. The quadratic 

effect of tool nose radius little provides little contribution to 

the model. All these results they found from the experiment. 

Also, approach angle and rake angle are significant factors 

on surface roughness with 18.24% and 17.74% contribution 

in the total variability of model, respective they revealed 

that Using response optimization show that the optimal 

combination of machining parameters are (0.4 mm, 600, -

30) for tool nose radius, approach angle and rake angle, 

respectively. Anderson p. paiva carried out experiment on 

AISI 52100 hardened steel which used in die making 

material. They provide alternative hybrid approach, 

combining response surface methodology (RSM) and 

principal component analysis (PCA) to optimize multiple 

correlated responses in a turning process. As the turning 

process of the AISI 52100, they had took three input factors: 

cutting speed (Vc), feed rate (f) and depth of cut (d). They 

have been measured the parameters like: the mixed ceramic 

tool life (T), processing cost per piece (Kp), cutting time 

(Ct), the total turning cycle time (Tt), surface roughness 

(Ra) and the material removing rate (MRR).  They have 

been showed from experiment that to maximize the material 

removal rate while minimizing the cutting times, costs and 

surface quality simultaneously, a cutting speed of 

approximately 238 m/min, with feed rate of 0.08 mm/rev 

and a depth of cut of 0.32mm are the values that attained the 

desired quality conditions. They have been revealed that the 

response surface methodology combined with principal 

component analysis are very useful techniques when 

modeling and creating equations to forecast and to optimize 

any dependent variable from the machining process.Harsh y 



An Investigation on MRR, Flank WEAR and Temperature of AISI H13 by Applying RSM 

 (IJSRD/Vol. 3/Issue 05/2015/195) 

 

 All rights reserved by www.ijsrd.com 840 

valera have been conducted experiment on EN31 alloys 

steel during turning process. They have been carried out 

experiment on power consumption and roughness 

characteristics of surface generated in turning operation of 

EN-31 alloy steel with TiN+Al2O3+TiCN coated tungsten 

carbide tool under different cutting parameters. They have 

been took the three cutting parameters like spindle speed, 

depth of cut and feed rate to affecting surface roughness as 

well as power consumption while turning operation of EN-

31 alloy steel. They have been used experimental setup 

includes five different spindle speed keeping feed rate of 

0.08 mm/rev and depth of cut of 0.4 mm constant, five 

different feed rate keeping spindle speed of 710 rpm and 

depth of cut of 0.4 mm constant and five different depth of 

cut keeping feed rate of 0.08 mm/rev and spindle speed of 

710 rpm constant. From the preliminary experimentation, 

they concluded that spindle speed, feed and depth of cut 

significantly affect the surface roughness and power 

consumption while tuning EN 31 alloy steel work material 

using coated carbide cutting tool. Then after they have been 

working on To optimize the cutting parameters for 

achieving better surface finish with reduced power 

consumption with help of detailed design of experimentation 

is needed for the work piece material under investigation. 

YigitKazancogluconducted experiment on AISI 1050 

medium carbon steel with using cutting parameter was 

defined by varying the cutting speed in the range of 110 – 

600 m/min, the feed rate in the range of 0.2 – 0.6 mm/min, 

and depth of cut in the range of 0.5 – 1.5 mm. It has been 

measured material removal rate (MRR), surface roughness 

and cutting forces using combination of Taguchi method 

and Grey relational analysis (GRA). The significance of the 

factors on the overall quality characteristic of the cutting 

process was evaluated through analysis of variance 

(ANOVA). It has been found that feed rate was to be the 

major factor affecting the material removal rate, the cutting 

force and the surface roughness (48.63%), whereas the 

depth of cut (26.71%) and cutting speed (17.81%). Young 

huangcarried out experiment turning operation of hardened 

52100 steel with use of CBN insert. They measured forces 

with vary depth of cut, feed rates ( 0.0762 and 1.778 

mm/rev) without considering the Ploughing effects with 

shallow cuts with large negative rake angle and large nose 

radius. Comparison of experimental result and model 

prediction result give difference 15%.P.g. benardos 

conducted experiment on C45 steel as work piece and use of 

cutting insert VNMG160404 on turning of CNC lathe. He 

determines difference in part dimensions cause of elastic 

deflection of the work-piece due to cutting forces during 

machining. he mainly worked on analytical modeling 

equation of work piece and developed artificial neural 

network(ANN). In the case of analytical model requires the 

mechanical properties of the work-piece material, the 

geometry of the final part and the cutting force values, this 

numerical method can predict the elastic deflection to 

determine cutting force. In case of ANN had Five inputs 

were the depth of cut, feed per revolution, spindle speed, the 

L/D ratio (L being the length of the work-piece and D its 

diameter) and the Li/L ratio (Li being the distance of a 

work-piece point from the clamping point) and ANN model 

runs by MATLAB application. Comparing the two above 

model he found that, the analytical model is able to handle 

even the most complex geometries by approximating 

circular, conical and other profiles through cylindrical 

segments. In contrast, the ANN model must be re-trained 

with different input parameters and data in order to be 

applied to case of e the different geometries and different 

equipment but after evaluation He also measure that the 

ANN Model is better in most aspects. Its predictions are 

more accurate and more consistent than the analytical model 

and also ANN model applicable for production floor 

environment. Mustafa bakkal, Albert j. shih, Ronald o. 

scattergoodhad worked on chip formation, cutting forces, 

and tool wear in turning of zr-based bulk metallic glass. The 

chip light emission and morphology, cutting forces, surface 

roughness, and tool wear in turning of Zr-based bulk 

metallic glass (BMG) material are investigated. Machining 

results are compared with those of aluminium 6061-T6 and 

AISI 304 stainless steel under the same cutting conditions. 

This study demonstrates that the high cutting speeds and 

tools with low thermal conductivity and rake angle activate 

the light emission and chip oxidation in BMG machining. 

For the BMG chip without light emission, serrated chip 

formation with adiabatic shear band and void formation is 

observed. The cutting force analysis further correlates the 

chip oxidation and specific cutting energy and shows the 

significant reduction of cutting forces for machining BMG 

at high cutting speeds. The machined surface of BMG has 

better surface roughness than that of the other two work 

materials. Some tool wear features, including the welding of 

chip to the tool tip and chipping of the polycrystalline cubic 

boron nitride (PCBN) tool edge, are reported for turning of 

BMG. This study concludes that BMG can be machined 

with good surface roughness using conventional cutting 

tools. 

III. METHODOLOGY 

The whole process of experimentation is discussed which is 

about the formation of design of experiment, application of 

RSM. Design of experiment is full factorial design L27 

design. Total 27 experimental runs will be carried out in 

study. Responses measured will measure Material removal 

rate, Flank wear And Temperature. 

 
Fig. 2: Lathe Machine Tool 

A. Process Parameter 

 Depth of Cut. 

 Speed. 

 Feed rate. 
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After literature review, the three main input parameters are 

Speed, Feed Rate and Depth of Cut will used for 

experimentation. The specimen is made of AISI H13. 

Based on the literature it was decided to study the 

effect of depth of cut, speed and feed rate. This design 

models have been prepared by choosing three levels. Full 

factorial designwill for experimentation by applying L27 

orthogonal array, taking three levels for each factor as 

depicted in Table 1 

Symbol Process Parameter Level 1 Level 2 Level 3 

A Speed (RPM) 300 400 500 

B Feed (mm/rev) 0.1 0.15 0.2 

C Depth of cut (mm) 0.5 0.75 1 

Table 1: Proposed ranges of input parameter 

IV. RESULT AND DISCUSSION 

A. Main Effects Plot of Material Removal Rate 

Fig.3 shows that higher MRR will meet at cutting speed 500 

RPM, feed 0.20 mm/rev and depth of cut 1 mm.  it has been 

conclude that the optimum combination of each process 

parameter for higher MRR is meeting at high cutting speed, 

high depth of cut and high feed. 

 
Fig. 3: Effect of control factor on Material removal rate 

From the fig.3, it has been conclude that the 

optimum combination of each process parameter for higher 

material removal rate is meeting at high cutting speed [A3], 

higher feed [B3] and higher depth of cut [C3]. 

B. Main Effects Plot of Flank wear 

Fig. 4 shows that lower flank wear will meet at cutting 

speed 300 RPM, feed 0.20 mm/rev and depth of cut 1 mm. it 

has been conclude that the optimum combination of each 

process parameter for lower flank wear is meeting at low 

cutting speed, high depth of cut and high feed. 

 
Fig. 4 Effect of control factor on Flank Wear 

From the fig.4, it has been conclude that the 

optimum combination of each process parameter for higher 

material removal rate is meeting at low cutting speed [A1], 

higher feed [B3] and higher depth of cut [C3]. 

C. Main Effects Plot of Temperature 

Fig. 5 shows that lower temperature will meet at cutting 

speed 300 RPM, feed 0.20 mm/rev and depth of cut 1 mm.  

it has been conclude that the optimum combination of each 
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process parameter for lower temperature is meeting at high cutting speed, intermediate feed and lower feed. 

 
Fig. 5: Effect of control factor on Temperature 

From ANOVA result it is observed that only 

cutting speed influencing parameter for temperature because 

that the value of p for cutting speed is 0.000 which is 

smaller than 0.05 p value so it is influencing parameter for 

temperature whereas feed and depth of cut value has 0.192 

and 0.079 respectively which is higher than 0.05, thus it is 

not influencing parameter for temperature. 

D. Analysis of Variance 

Analysis of variance (ANOVA) is a statistical model which 

can be used for find out effect of independent parameter on 

single dependent parameter and also it can be use full to find 

out the significant machining parameters and the percentage 

contribution of each parameter. MINITAB16 statistical 

software used to analyze the ANOVA analysis for thrust 

forces and circularity and their analyzed value is show in 

table 2. 

1) Analysis of Variance for Material Removal Rate 

According to the analysis done by the MINITAB software, 

if the values of probability are less than 0.05, it indicated 

that the factors are significant to the response parameters. 

Comparing the p-value to a commonly used α- level = 0.05, 

it is found that if the p- value is less than or equal to α, it can 

be concluded that the effect is significant, otherwise it is not 

significant.  

Sourc

e 

D

F 
Seq SS Adj SS Adj MS F P 

Spee

d 
2 

0.01336

60 

0.01336

60 

0.00668

30 

10.1

0 

0.00

1 

Feed 2 
0.01797

86 

0.01797

86 

0.00898

93 

13.5

8 

0.00

0 

Dept

h of 

cut 

2 
0.00643

11 

0.00643

11 

0.00321

56 
4.86 

0.01

9 

Error 20 
0.01323

52 

0.01323

52 

0.00066

18 
  

Total 26 
0.05101

09 
    

Table 2 ANOVA of Material Removal Rate 

From ANOVA result it is observed that the feed, 

depth of cut and speed influencing parameter for material 

removal rate, because that the value of p for cutting speed, 

feed and depth of cut has 0.001, 0.000 and 0.019 which is 

smaller than 0.05 p value so they are influencing parameter 

for material removal rate. 

2) Analysis of variance for Flank Wear 

According to the analysis done by the MINITAB software, 

if the values of probability are less than 0.05, it indicated 

that the factors are significant to the response parameters. 

Comparing the p-value to a commonly used α- level = 0.05, 

it is found that if the p- value is less than or equal to α, it can 

be concluded that the effect is significant, otherwise it is not 

significant. 

Sourc

e 

D

F 
Seq SS Adj SS Adj MS F P 

Spee

d 
2 

0.00452

90 

0.00452

90 

0.00226

45 

9.0

8 

0.00

2 

Feed 2 
0.00336

36 

0.00336

36 

0.00168

18 

6.7

4 

0.00

6 

Dept

h of 

cut 

2 0028314 0028314 
0.00141

57 

5.6

8 

0.01

1 

Error 20 
0.00498

72 

0.00498

72 

0.00024

94 
  

Total 26      

Table 3 ANOVA of Flank wear 

From ANOVA result it is observed that the feed, depth of 

cut and speed influencing parameter for flank wear, because 

that the value of p for cutting speed, feed and depth of cut 

has 0.002, 0.006 and 0.011 which is smaller than 0.05 p 

value so they are all influencing parameter for flan wear. 

3) Analysis of Variance for Temperature 

According to the analysis done by the MINITAB software, 

if the values of probability are less than 0.05, it indicated 

that the factors are significant to the response parameters. 

Comparing the p-value to a commonly used α- level = 0.05, 

it is found that if the p- value is less than or equal to α, it can 

be concluded that the effect is significant, otherwise it is not 

significant. 
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Sourc

e 

D

F 
Seq SS Adj SS 

Adj 

MS 
F P 

Speed 2 
1947.1

9   

1947.1

9   

973.5

9 

45.8

9 

0.00

0 

Feed 2 76.07 76.07 38.04 1.79 
0.19

2 

Depth 

of cut 
2 122.30 122.30 61.15 2.88 

0.07

9 

Error 20 424.30 424.30 21.12   

Total 26 
2569.8

5 
    

Table 4: ANOVA of Temperature 

From ANOVA result it is observed that only 

cutting speed influencing parameter for temperature because 

that the value of p for cutting speed is 0.000 which is 

smaller than 0.05 p value so it is influencing parameter for 

temperature whereas feed and depth of cut value has 0.192 

and 0.079 respectively which is higher than 0.05, thus it is 

not influencing parameter for temperature. 

V. REGRESSION MODEL 

The Regression model for predicting the response 

parameters in turning can be derived using methods like 

Regression analysis. 

Regression analysis is often used to: 

 Determine how the response variable changes as 

particular predictor variable changes. 

 Predict the value of the response variable for any 

value of the predictor variable, or combination of 

values of the predictor variables. 

 Regression is method of estimating the conditional 

expected value of one variable, y, given the values of 

some other variable, x. The variable of interest, y, is 

called the dependent variable. The other variable, x, 

is called the independent variable. Regression 

analysis is a statistical tool for the investigation of 

relationships between variables. Usually, the 

investigator seeks to ascertain the casual effect of one 

variable upon another, for example, the effect of 

changes in cutting speed, feed and depth of cut on 

cutting forces. To explore such issue, the investigator 

assembles data on the underlying variables of interest 

and employs regression to estimate the quantitative 

effect of the casual variables upon the variable that 

they influence. The investigator also typically 

assesses the ―statistical significance‖ of the estimated 

relationships, that is, the degree of confidence that the 

true relationship is close to the estimated relationship. 

The regression equation is an algebraic representation 

of the regression line and is used to describe the 

relationship between the response and predictor 

variables. The regression equation takes the form of: 

Response= constant + coefficient (predictor) +… + 

coefficient (predictor) 

Or  

Y= b0 + b1x1+b2x2+…+bkx 

Where: 

 Response (Y) is the value of the response. 

 Constant (b0) is the value of the response variable 

when the predictor variable(s) is zero. The constant 

is also called the intercept because it determines 

where the regression line intercepts (meets) the Y-

axis. 

 Predictor (X) is the value of the predictor variable. 

 Coefficients (b1, b2… bk) represent the estimated 

change in mean response for each unit change in 

predictor value. In other words, it is the change in 

Y that occurs when X increase by one unit. The 

mathematical model using regression analysis is 

derived with the help of MINITAB software. 

A. Regression Equation for MRR 

The regression equation is 

MRR = 0.310 + 0.000266 SPEED + 0.629 FEED + 0.0347 

DOC    (1) 

B. Regression Equation for flank wear 

The regression equation is 

FLANK WEAR = 0.212 - 0.000153 SPEED + 0.267 FEED 

- 0.0260 DOC  (2) 

C. Regression Equation for Temperature 

The regression equation is 

TEMPERATURE = 33.0 + 0.0994 SPEED - 34.4 FEED + 

7.11 DOC (3) 

D. Confirmatory Test Result 

Confirmation Test Once the optimal combination of process 

parameters and their levels was obtained, the final step was 

to verify the estimated result against experimental value. It 

may be noted that if the optimal combination of parameters 

and their levels coincidently match with one of the 

experiments in the OA, then no confirmation test is required. 

In our research study, material removal rate, flank 

wear and temperature has optimal combination are A3, B3, 

C3 and A3, B1, C3 and A1, B3, C2 respectively. All 

responses optimal combination is match in orthogonal array. 

So there are not required to confirmation for material 

removal rate, surface roughness and temperature. 

VI. CONCLUSION 

The objective of this experiment investigation is to find 

functional relationship between process parameters and 

output parameters using regression analysis involving 

interaction terms are studied and the reason behind the 

observed responses can be concluded as following. 

 The AISI H13 has been turned with tungsten 

carbide tool bit. The conclusions relevant to this 

investigation are outlined below: The material 

removal rate increase with increase feed from 0.10 

to 0.20 mm/rev, when the other two parameter are 

kept constant as well as material removal rate 

increase with increase depth of cut 0.50 to 1.00 mm 

and cutting speed 300 to 500 RPM. 

 The optimum condition for machining to increase 

material removal rate would be A3 B3 C3. The 

cutting speed kept at 500 RPM, the feed kept at 

0.20mm/rev and the depth of cut kept at 1 mm.  

 The flank wear increase with increase feed from 

0.10 to 0.20 mm/rev. when the other two parameter 

are kept constant as well as flank wear decrease 

with increase depth of cut 0.50 to 1.00 mm and 

increase speed 300 to 500 RPM.  
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 While studying the effect of the cutting parameters 

on the flank wear, it was observed that both the 

cutting speed and the feed play equally important 

roles in the effect on the flank wear. The role of the 

depth of cut given is not crucial to the same extent. 

The optimum condition for machining to reduce 

flank wear would be A3 B1 C3 i.e., the speed kept 

at  500 RPM, the feed kept at 0.10 mm/rev and the 

depth of cut kept at 1 mm. 

 The effect of change in the feed from 0.15 to 0.20 

mm/rev on flank wear is slightly raised. 

 The temperature increase with increase speed from 

300 to 500 RPM, when the other two parameter are 

kept constant as well as temperature increase with 

increase depth of cut 0.75 to 1.00 mm, but 

reversely in case of feed and vice versa.  

Through use of regression equation, engineer can 

manipulate range of cutting speed, feed and depth of cut for 

this particular work- material and tool material combination. 

Also it has been find out and predicted material removal 

rate, flank wear and temperature at any combination of 

process parameter. 
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