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ABSTRACT: Optimization of cutting parameters based on cutting force in tube turning of S235 G2T steel by coated carbide tool 
using Taguchi method is proposed in this paper. Three cutting parameters, namely cutting speed, feed and depth of cut are optimized 
with considerations of cutting force as performance characteristic. The effects of cutting parameters on the cutting force components 
were experimentally investigated. Experimentation was conducted as per Taguchi's orthogonal array. Three cutting parameters with 
three levels are arranged in L9 orthogonal array. The orthogonal array, measured values of cutting force components, signal-to-noise 
ratios, and analysis of variance are employed in order to study the cutting force. Based on the analysis, the optimal cutting parameter 
settings were determined.  
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1. INTRODUCTION 

Turning process is one of the most used machining 
technologies, and it is always current for research. Turning is a 
complicated process where the performance depends upon a 
number of cutting conditions. Mostly of the cutting parameters 
are selected based on the experience or by referring to the 
handbook. Researchers have focused on improving the 
performance of turning operations with the aim of minimizing 
time, costs and improving quality of manufactured products. 
Machinability of materials in turning is studied usually in terms 
of cutting force, cutting temperature, surface quality and tool 
wear. Cutting force plays a major role in the machinability 
evaluation of the material. A lower cutting force is always 
preferred for long tool life, lower deflection, lesser power 
consumption and improved surface finish. Finding process 
parameters that optimize cutting force is an important task 
towards enhancing efficiency of machining process. The 
interaction of a cutting tool with a workpiece includes cutting 
force that combine with main cutting (tangential) force, feed 
(axial) force and passive (radial) force. Of the three cutting 
force components, the main cutting force is the greatest. It 

generates torque on the workpiece that′s rotated by the spindle. 
Cutting force in turning has been found to be influenced in 
varying amounts of factors. Among the factors influencing the 
cutting force, the following are very important: cutting method, 
cutting tool related parameters, properties of workpiece 
material, cutting parameters and environment parameters.  
Taguchi method of design of experiment [1, 2] is a relatively 
simple and powerful tool for systematic modelling, analysis 
and optimization of the machining process. Taguchi method 
includes selection of parameters, experimental design, 
conducting an experiment, data analysis, determining the 
optimal combination, and verification. By this method the 
product quality is defined in terms of loss function (S/N ratio), 
due to deviation of the product's functional characteristics from 
its desired target value. Taguchi method uses a special design 
of orthogonal arrays (OA), where the experimental results are 
transformed into signal-to-noise (S/N) ratio as the measure of 
the quality characteristic. An OA is a small fraction of full 
factorial design and assures a balanced comparison of levels of 
any parameter or interaction of parameters. The columns of an 
OA represent the experimental parameters to be optimized and 

the rows represent the individual trials (combinations of 
levels). Traditionally, data from experiments are used to 
analyze the mean response. Taguchi method estimates the 
effects of factors on the response mean and variation. In 
Taguchi method the mean and the variance of the response 
(experimental result) at each parameter setting in OA are 
combined into a single performance measure known as the 
signal-to-noise (S/N) ratio. Taguchi method utilizes the S/N 
ratio approach to measure the quality characteristic deviating 
from the desired value. The S/N ratio is a quality indicator by 
which the experimenters can evaluate the effect of changing a 
particular experimental parameter on the performance of the 
process. Depending on the criterion for the quality 
characteristic to be optimized, the S/N ratio characteristics can 
be divided into three stages: smaller-the-better, larger-the-
better, and nominal-the-better. Regardless of the category of 
the performance characteristic, the larger S/N ratio corresponds 
to the better performance characteristic. Therefore, the optimal 
level of the parameter is the level with the highest S/N ratio. 
The optimal parameter levels are determined using the analysis 
of means (ANOM) and analysis of variance (ANOVA). A 
confirmation experiment is the final step in Taguchi method 
and it is used to verify the optimal combination of the 
parameter settings.  
There are some studies regarding optimization of cutting 
parameters based on cutting force in turning operation using 

Taguchi method. Singh & Kumar [1] have applied Taguchi 
method for optimization of cutting parameters based on cutting 
force in a longitudinal turning of an alloy steel EN24. 
Controlled factors are cutting speed, feed and depth of cut with 
three levels. Response factor is main cutting force. They 
applied L27 orthogonal array with interactions. Petropoulos et 

al. [2] have applied Taguchi method for optimization of cutting 
parameters based on cutting force in a longitudinal turning of 
carbon steel St37. Controlled factors are spindle speed, feed 
and depth of cut with four levels. Response factors are main 
cutting force, feed force and passive force. They applied L16 
orthogonal array with interactions. In another paper, Singh & 

Kumar [3] have applied Taguchi method in order to optimize 
cutting parameters based on cutting force in a longitudinal 
turning of an alloy steel EN24. One can consider that the 
controlled factors are cutting speed, feed and depth of cut with 
three levels. Response factor is feed force. They applied L27 
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orthogonal array, by taking into consideration the interactions. 

Aggarwal et al. [4] have applied Taguchi method for 
optimization of cutting parameters based on cutting force in a 
longitudinal turning of tool steel P20. Controlled factors are 
cutting speed, feed, depth of cut, nose radius and cutting 
environment with three levels. Response factors are feed force 
and passive force. They applied L27 orthogonal array with 

interactions. Hanafi et al. [5] have applied Taguchi method for 
optimization of cutting parameters based on cutting force and 
surface roughness in a longitudinal turning of carbon fiber 
PEEK CF30. Controlled factors are cutting speed, feed and 
depth of cut with three levels. Response factors are main 
cutting force and surface roughness. They applied L27 
orthogonal array with interactions.  
In this paper Taguchi method is applied for optimization of 
cutting parameters based on cutting force in tube turning of 
S235 G2T steel by coated carbide tool. Control factors are 
cutting parameters cutting speed, feed and depth of cut, with 
three levels. Response factors are components of cutting force 
(main cutting force and feed force). The effects of cutting 
parameters on the cutting force components were 
experimentally investigated. Experimentation was conducted as 
per Taguchi's orthogonal array. Three cutting parameters with 
three levels are arranged in L9 orthogonal array. The 
orthogonal array, measured values of cutting force 
components, signal-to-noise ratios, and analysis of variance are 
employed to study the cutting force components. 

2. DESIGN OF EXPERIMENT 

Taguchi method was applied for design of experiment and to 
analyze the effect of control factors, i.e., cutting speed, feed, 
and depth of cut on the cutting force components (main cutting 
force and feed force). Turning of a tube of the carbon steel 
S235 G2T by coated carbide tool was performed on the 11 kW 
universal lathe. The cutting experiment was planned and 
conducted according to the Taguchi’s experimental design 
using the L9 orthogonal array. As cutting method, tube turning 
is used in the aim to eliminate the impacts of passive force 
(radial force) and tool noise radius on the cutting force 
components, Figure 1.  
 

 
Figure 1. Cutting force components 

 
The workpiece is in the form of round tube and in the cutting 
process only the main cutting edge of the tool is in contact with 
the workpiece. Depth of cut is equal to the thickness of the 
round tube wall. For this cutting method of turning, passive 
force does not exist. In applying cutting method, cutting force 
F can be decomposed in coordinate system of the machine in 
two components: Fc – main cutting force (tangential force), 
acting on the rake face of the tool in the direction of the cutting 
speed, and Ff – feed force (axial force), acting on the tool in the 
direction of tool movement (fig. 1). Main cutting force acts in 
direction tangential to the revolving workpiece and represents 

the resistance to the rotation of the workpiece. Feed force acts 
in the direction parallel to the axis of the workpiece and 
represents the resistance to the axial (longitudinal) feed of the 
tool. 
 

 
Figure 2. Conditions of the tool's engagement 

 
The workpiece material used for the present investigation is the 
S235 G2T (EN). The chemical composition of the work 
material is given in Table 1. 
 

Table 1. Chemical composition of S235 G2T 

C 

(%) 

Si 

(%) 

Mn 

(%) 

Cr 

(%) 

P 

(%) 

S 

(%) 

0.17 ≤0.35 ≥0.40 <0.30 ≤0.05 ≤0.05 

 
Tube turning experiment was carried out in 51 mm workpiece 
diameter in form of round tube on the universal lathe “Potisje 
PA-C30” (11 kW power, spindle speed range n = 20÷2000 
rpm, and longitudinal feed range f = 0.04÷9.16 mm/rev) under 
dry conditions.  
 

 
Figure 3. Experimental setup 

 

 
Figure 4. Graph of cutting force components 
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(vc=314 m/min, f=0.049 mm/r, ap=7 mm) 
 
Cutting tool was tool holder PTGNR 3225P22 with insert 
TNMG 220408-PM4225 produced by SANDVIK Coromant 
manufacturer of cutting tools. The tool geometry was: cutting 

edge angle κ=90°, rake angle γ=-6°, and corner radius rε=0.8 
mm. The cutting parameters were set as: three levels of the 
depth of cut (tube wall thickness) ap= 1.75; 3.50; 7.00 mm, 
three levels of the feed f= 0.049; 0.107; 0.214 mm/rev, and 
three levels of the spindle speed n=500; 910; 2000 rpm (cutting 
speed vc=78.54; 142.94; 314.16 m/min). The indexable-insert 
style, geometry, carbide grade and cutting conditions (depth of 
cut, feed and cutting speed) are in accordance with the 
workpiece material and hardness. Test sample was centered 
and cleaned by removing a 0.5 mm depth of cut from the 
outside diameter. For the experiment, working diameter was 50 
mm. Conditions of the tool's engagement is shown in Figure 2 
and experimental setup is shown in Figure 3. 
Cutting force components were experimentally measured. 
Main cutting force and feed force were recorded with a three-
component force dynamometer Kistler type 9441, mounted on 
the lathe via a custom designed adapter for the tool holder, 
creating a very rigid tooling fixture. The charge signal 
generated at the dynamometer was amplified using amplifier 
Kistler type 5007A. The amplified signal is acquired and 
sampled by using computer Hewlett Packard HP 9000/300. 
Sample graph of cutting force components is shown in Figure 
4.  
The experiments were carried out according to Taguchi's 
design of experiments method. Taguchi method involves 
selection of control factors, response factors and an orthogonal 
array. Three control factors selected for the present 
investigation are cutting parameters: cutting speed (vc), feed (f) 
and depth of cut (ap). The response factors selected for the 
experimentation are main cutting force (Fc) and feed force (Ff). 

Since the considered factors are multi-level factors, it has been 
decided to use three level tests for each factor.  
As there are three factors and three levels for each factor, nine 
experiments were performed according to the standard L9 

Taguchi orthogonal array. This array specifies 9 experimental 
runs and has 3 columns that can be used to determine relative 
influence of factors. In this array the three levels of each 
control factor are coded by "1", "2" and "3". Each row of the 
array represents one trial, that is to say a given combination of 
factors levels used for a run during the sequence of 
experiments.  
The control factors and their levels are illustrated in Table 2. 
The cutting parameters ranges were selected based on 
machining guidelines provided by manufacturer of cutting 
tools SANDVIK Coromant. 
 

Table 2. Control factors and levels 

Levels 
Code Control factors 

1 2 3 

A Cutting speed, vc (m/min) 78.54 142.94 314.16 

B Feed, f (mm/rev) 0.049 0.107 0.214 

C Depth of cut, ap (mm) 1.75 3.50 7.00 

 
Table 3 shows standard L9 (3

3) orthogonal array and 
experimental results.  
The left side of the Table 3 includes coding values of control 
factors and real values of cutting parameters. The right side of 
the Table 3 includes the results of the measured values of the 
main cutting force (Fc) and the feed force (Ff), each experiment 
with three repetitions. Experiment trials were performed at 
random order to avoid systematic errors. 
 
 

Table 3. Plan of experiment and results 

Control factors Cutting parameters Main cutting force Feed force 

No. A B C vc 

(m/min) 

f 

(mm/rev) 

ap 

(mm) 

Fc1 

(N) 

Fc2 

(N) 

Fc3 

(N) 

Ff1 

(N) 

Ff2 

(N) 

Ff3 

(N) 

1 1 1 1 78.54 0.049 1.75 356 367 366 289 285 294 

2 1 2 2 78.54 0.107 3.50 1155 1163 1164 941 952 950 

3 1 3 3 78.54 0.214 7.00 3640 3614 3642 3247 3279 3237 

4 2 1 2 142.94 0.049 3.50 559 557 564 473 487 483 

5 2 2 3 142.94 0.107 7.00 1625 1626 1614 1196 1207 1183 

6 2 3 1 142.94 0.214 1.75 895 898 905 530 539 536 

7 3 1 3 314.16 0.049 7.00 1266 1250 1255 1055 955 975 

8 3 2 1 314.16 0.107 1.75 505 508 504 376 340 368 

9 3 3 2 314.16 0.214 3.50 1515 1510 1526 837 874 860 

 
 

3. ANALYSIS OF EXPERIMENTAL 

RESULTS 

The objective of experiment is to optimize the cutting 
parameters when turning of S235 G2T steel to get smaller 
cutting force values, smaller-the-better quality characteristic is 
used. Smaller-the-better quality characteristic is defined as: 
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where S/N is signal-to-noise ratio, n is number of repetitions of 
the experiment, yi is measured value of quality characteristic. 
High S/N ratios are always preferred in a Taguchi's experiment. 
For smaller-the-better characteristic, this translates into lower 

process average and improved consistency from one unit to the 
next or both. Table 4 shows the mean experimental values and 
calculated S/N ratios. 

 
Table 4. Mean experimental values and S/N ratios (η) 

Factors 
No 

A B C 

Fc 

(N) 
ηFc 

(dB) 

Ff 

(N) 
ηFf 

(dB) 

1 1 1 1 363,00 -51,1989 289,33 -49,2287 

2 1 2 2 1160,67 -61,2942 947,67 -59,5332 

3 1 3 3 3632,00 -71,2030 3254,33 -70,2494 

4 2 1 2 560,00 -54,9639 481,00 -53,6436 

5 2 2 3 1621,67 -64,1993 1195,33 -61,5501 

6 2 3 1 899,33 -59,0785 535,00 -54,5673 

7 3 1 3 1257,00 -61,9868 995,00 -59,9646 

8 3 2 1 505,67 -54,0773 361,33 -51,1661 
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9 3 3 2 1517,00 -63,6198 857,00 -58,6610 

 
Analysis of means (ANOM) is a statistical approach of 
estimating the mean S/N ratios for each parameter and each of 

its levels. The effect of parameter Q at level k  can be 

calculated as: 
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where Qkn  is the number of appearances of parameter Q at 

level k in experimental plan, and Qk)N/S(  is the S/N ratio 

related to parameter Q at level k.  
Analysis of means (ANOM) can be used as a tool for 
determining optimal factor settings. Using equation (1) the 
main effects of the process parameters on mean S/N ratio can 
be presented in graphical form by response graphs. The 
response graphs show the change in the response when a given 
parameter goes from lower level to higher level. The slope of 
the line determines the power of the control parameter 
influence on the response. Analysis of variance (ANOVA) is a 
computational technique, which is used to estimate the relative 
significance of each process factor on the overall response so 
that the optimal combination of process factor levels can be 
determined more accurately. It is also required for estimating 
the variance of error. ANOVA is used to study the effect of 
control factors on the response. ANOVA may be used to 
investigate which control factors affect the response 
significantly. In ANOVA, the ratio between the variance of the 
factor and the error variance is called Fisher’s ratio (F). It is 
used to determine whether the factor has a significant effect on 
the quality characteristic by comparing the F test value of the 
factor with the standard F table value (Fα) at the α% 
significance level. Greater the F-ratio, more significant is the 
process parameter. Fowlkes & Creveling (1996) suggest a 
simple set of criteria based on the size of the F ratio: 

• F ratio < 1: Control factor effect is insignificant (error 
effects outweigh control factor effect). 

• F ratio ≈ 2: Control factor has only a moderate effect 
compared with experimental error. 

• F ratio > 4: Control factor has a strong (clearly statistically 
significant) effect. 

 

3.1 Effect of cutting parameters on the main cutting 

force and determining the optimal cutting 

parameters 
 

In order to analyze the effect of cutting parameters on the main 
cutting force a main effects plot for S/N ratios of main cutting 
force was generated, by using Minitab software. Main effect 
plot is a plot of the mean response values of S/N ratio at each 
level of a design factor. The main effect of the factor is defined 
as the average change in the response when the level of the 
factor is changed from a low to a high level. A negative 
gradient indicates that an increase in factor value there means a 

decrease in response value η (increase real value of response), 

and a positive gradient means an increase in response value η 
(decrease real value of response). The verticality of the line 
indicates the effect of control factors. Main effects plot for S/N 
ratios of main cutting force with respect to the level of the 
considered factors is presented as a response graph, as shown 
in Figure 5. From Figure 5 it is seen that as the depth of cut and 
feed increases, the main cutting force increases. If the cutting 

speed increases, the main cutting force first decreases and then 
increases. 
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Figure 5. Main effects plot for S/N ratios of main cutting force 
 

Figure 5 indicates that the depth of cut is factor which has more 
influence on the main cutting force as the slope gradient is big. 
From figure 5, it is seen that the cutting speed is less significant 
as the slope gradient is small. The mean S/N ratio smaller-the-
better of the main cutting force for each level of the control 
factors is calculated in Table 5.  
 
Table 5. Response table for S/N ratios of main cutting force 

Level average 
Factors Code 

1 2 3 

Max-

Min 
Rank 

Cutting speed, 
vc (m/min) 

A -61,23 -59,41* -59,89 1,82 3 

Feed, 
 f (mm/rev) 

B -56,05* -59,86 -64,63 8,58 2 

Depth of cut, 
 ap (mm) 

C -54,78* -59,96 -65,80 11,01 1 

 
Table 5 shows the rank of factors; the depth of cut is in the first 
place, in the second place there is the feed, and in the third 
place there is the cutting speed. The results from Table 5 
suggest that the optimum values of control factors within the 
tested range are given by A2B1C1, i.e. the optimal combination 
of the cutting parameters could be achieved by using a cutting 
speed of 142.94 m/min, the feed of 0.049 mm/rev and the depth 
of cut of 1.75 mm. This combination gives the lower main 
cutting force within the range of experiments based on smaller-
the-better characteristics. To confirm this assumption, the 
statistical analysis was also performed by using analysis of 
variance (ANOVA). ANOVA was carried out to find the 
relative effect of cutting parameters on main cutting force. 
Table 6 shows analysis of variance for S/N ratio of main 
cutting force.  
 

Table 6. ANOVA for S/N ratios of main cutting force 

Factors DOF SS MS F p % 

Cutting speed 2 5,325 2,6627 2,80 0,263 1.77 

Feed 2 110,995 55,4973 58,27 0,017 36.96 

Depth of cut 2 182,097 91,0485 95,59 0,010 60.63 

Residual error 2 1,905 0,9524   0.64 

Total 8 300,322    100 
DOF (degree of freedom), SS (sum of squares), MS (mean square),  

F (variance ratio), p (p-value) and % (percent contribution) 

 
From the ANOVA results, it can be seen that cutting 
parameters, depth of cut and feed have a strong (clearly 
statistically significant) effect on main cutting force. Cutting 
speed has only a moderate effect compared with experimental 
error. The percent contribution of source to the total variation 
defines parameter sensitivity. From Table 6 it can be seen that 
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values of depth of cut, feed and cutting speed contribute 
99.36% in the value of the main cutting force. The depth of cut 
is the most significant parameter affecting the main cutting 
force with contribution of 60.63%, followed by the feed, with 
contribution of 36.96%. The cutting speed has smaller effect 
with contribution of 1.77%. 
The predicted S/N ratio using the optimal levels of the design 

factors ( optη̂ ) can be calculated as: 
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where 
opt,i

η  is the mean S/N ratio for i-th parameter at the 

optimal level, p is the number of parameters that significantly 

affect the quality characteristic, η is the total mean S/N ratio, 

t
n  is the total number of trials, and 

i
η is the S/N ratio in i-th 

trial in the OA. 
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However, in order to statistically judge the closeness of 
predicted to observed data, the confidence interval was 
determined. A confidence interval (C.I.) can be calculated 
using the equation [6]: 
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where Fα(1;fe) is the F value from the F-table at a required 
confidence level of 1-α=0.95 at DOF = 1, and error DOF fe= 2, 
F0.05(1;2)=18.5, Ve=0.9524 is the error variance, nver=3 is the 
validation test trial number, and n=27/(1+6)=3.86 is the 
effective number of replications, N=9x3=27 is the total number 
of experiments and ν=2x3=6 is the total DOF of all parameters.  
 

23.3
3

1

86.3

1
9524.05.18 ±=





+⋅⋅±=CI  

 
The 95% confidence interval of the predicted optimal value of 
S/N ratio for main cutting force is: 
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Optimal value of the main cutting force can be calculated as: 
 

NF

opt

optc
3121010 20

88.49

20

ˆ

, ===

−

−−

η

 (6) 

 

3.2 Effect of cutting parameters on the feed force 

and determining the optimal cutting parameters 
 
To analyze the effect of cutting parameters on the feed force a 
main effects plot for S/N ratios of feed force was generated. 
Main effects plot for S/N ratios of feed force with respect to the 

level of the considered factors is presented as a response graph 
as shown in Figure 6.  
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Figure 6. Main effects plot for S/N ratios of feed force 
 
The mean S/N ratio smaller-the-better of the feed force for 
each level of the control factors is calculated in Table 7.  
 

Table 7. Response table for S/N ratios of feed force 

Level average 
Factors Code 

1 2 3 

Max-

Min 
Rank 

Cutting speed,  
vc (m/min) 

A -59,67 -56,59* -56,60 3,08 3 

Feed,  
f (mm/rev) 

B -54,28* -57,42 -61,16 6,88 2 

Depth of cut,  
ap (mm) 

C -51,65* -57,28 -63,92 12,27 1 

 
Table 7 shows the rank of factors, in the first being placed the 
depth of cut, in the second place - the feed, and in the third 
place - the cutting speed. The results from Table 7 show that 
the optimum values of control factors within the tested range 
are given by A2B1C1, i.e. the optimal combination of the 
cutting parameters could be achieved by using a cutting speed 
of 142.94 m/min, the feed of 0.049 mm/rev and the depth of 
cut of 1.75 mm. Such a combination gives the lower feed force 
within the range of experiments based on smaller-the-better 
characteristics. Analysis of variance (ANOVA) was carried out 
to study the relative effect of cutting parameters on feed force. 
Table 8 shows analysis of variance for S/N ratio of feed force.  

 

Table 8. ANOVA for S/N ratios of feed force 

Factors DOF SS MS F p % 

Cutting speed 2 18,952 9,476 3,16 0,240 5.88 

Feed 2 71,190 35,595 11,87 0,078 22.08 

Depth of cut 2 226,249 113,124 37,74 0,026 70.18 

Residual error 2 5,995 2,998   1.86 

Total 8 322,387    100 

 
Analyzing the ANOVA results, one could remark that cutting 
parameters, depth of cut and feed have a significant effect on 
feed force. Cutting speed exerts only a moderate effect 
compared with experimental error. The percent contribution of 
source in total variation defines parameter sensitivity. From the 
information included in Table 8, one can notice that values of 
depth of cut, feed and cutting speed contribute 98.14% in the 
value of the feed force. The depth of cut is the most important 
parameter able to affect the feed force in a proportion of 
70.18%, followed by the feed with contribution of 22.08%. The 
cutting speed exerts the smaller effect with contribution of 
5.88%. 
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The predicted S/N ratio using the optimal levels of the design 

factors (
opt

η̂ ) for feed force according is: 
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The confidence interval for S/N ratio of feed force is: 
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where Fα(1;fe) is the F value from the F-table at a required 
confidence level of 1-α=0.95 at DOF = 1, and error DOF fe= 2, 
F0.05(1;2)=18.5, Ve=2.998 is the error variance, nver=3 is the 
validation test trial number, and n=3.86 is the effective number 
of replications. 
The 95% confidence interval of the predicted optimal feed 
cutting force is: 
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Optimal value of the feed force is: 
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4. CONFIRMATION TESTS  

Confirmation experiment is the final step in Taguchi method 
and it is used to verify the optimal combination of the factor 
settings. For that purpose, a confirmation experiment should be 
carried out implying the optimal levels of the factors. 
Therefore, a confirmation experiment was performed using 
optimal condition (A2B1C1) for main cutting force and feed 
force. The predicted and the experimentally observed values of 
main cutting force and feed force at the optimum levels of the 
cutting parameters are shown in Table 9. 

 
Table 9. Predicted values and confirmation test results for 

main cutting force and feed force 

Taguchi optimal parameter settings 

 Prediction Experiment 

Level A2B1C1 A2B1C1 

Fc1 Fc2 Fc3 

298 294 295 
Main cutting force,  
Fc (N) 

312 

296 

S/N ratio (dB) -49.88 -49.42 

Level A2B1C1 A2B1C1 

Ff1 Ff2 Ff3 

236 244 241 
Feed force,  
Ff (N) 

231 

240 

S/N ratio (dB) -47.28 -47.62 

 

5. CONCLUSION  

Series of experiments has been carried out in order to predict 
cutting force. Factors identified as affecting the cutting force 
were cutting speed, feed and depth of cut. Taguchi method is 
used to provide an efficient design of experiment technique to 
obtain simple, systematic and efficient methodology for the 

optimization of the cutting parameters. From the analysis of 
means (ANOM), analysis of variance (ANOVA) and signal-to-
noise (S/N) ratio response tables, the significant cutting 
parameters were identified and subsequently the optimal 
combination of cutting parameters levels were determined. 
Optimal combination of cutting parameters levels is A2B1C1. 
The optimal parameters are cutting speed of 142.94 m/min, 
feed of 0.049 mm/rev and depth of cut of 1.75 mm; they  give 
the lower cutting force components within the range of 
experiments based on smaller the better characteristics.  
From the ANOVA results, it can be seen that cutting 
parameters, depth of cut and feed have a strong (clearly 
statistically significant) effect on the cutting force components. 
The ANOVA analysis showed that depth of cut is the most 
significant parameter, affecting the cutting force components 
with contribution of 60.63% for main cutting force and 70.18% 
for feed force, followed by the feed with contribution of 36.96 
for main cutting force and 22.08% for feed force. The cutting 
speed has smaller effect with contribution of 1.77% for main 
cutting force and 5.88% for feed force.  
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