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ABSTRACT: This study presents the finite element analysis of the influence of cutting tool geometrical 

parameters (nose radius, rake angle and clearance angle) on machining process evaluation indicators such as cutting 

force, temperature and thermal deformation of the tool using Taguchi method to statistically evaluate the signal-to-

noise ratio. The values of the Fz forces increased significantly as the nose radius increased. The increase in the nose 

radius leads to a higher Fz force with approximate value of 360-400N. The values of Fy forces were observed to have 

increased to about 140N as the nose radius increased. Regarding the influence of nose radius on the temperature, it 

was observed that the highest temperature value was obtained for a nose radius of 0.8mm, while the lowest 

temperature value was obtained for a nose radius of 0.4mm. 
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The performance of the cutting process is influenced 

by the machining parameters and the geometrical 

parameters of the cutting tool. Due to the actual 

requirements of the cutting and cutting tools domain, 

tool manufacturers must continually optimize the 

geometric parameters of the cutting tool. In order to 

avoid high consumption of materials and tools as 

well as time and costs, researchers were involved on 

the cutting tool domain and propose new solution to 

optimize machining process. Zouhar and Piska 

(2017) investigated the cutting process simulation 

using cutting tools with different geometries both, for 

the rake angle and tool nose radius. Their result show 

that the increase in cutting forces  were significantly 

influenced by increasing the rake angle of the tool, 

and on the other hand, increasing the nose radius of 

the tool leads to reduced forces. Pansare and Kavade 

(2016) optimized the cutting process parameters 

using the ANT colony algorithm in order to achieve a 

minimum surface roughness. Bassett et al.,(2012); 

Kountanya et al., (2016) studied the effect of tool 

edge geometry and cutting conditions on the chip 

morphology in orthogonal hard turning of 100Cr6 

steel. Their study shows that the edge radius does not 

influence the geometrical parameters of the chip. 

Moreover cutting forces decreases as the cutting 

speed increases and the chip formation frequency 

increases linearly with cutting speed, while a 

negative rake angle increases the chip pitch 

(Kountanya et al., 2016). Mahapatra et al., (2014) 

studied the impact of the cutting speed, feed and 

depth of cut on the quality of the machined surface. 

They propose a prediction model for surface 

roughness and optimization of cutting parameters 

using genetic algorithms. Kurt and Şeker (2017) 

investigated the effect of chamfer angle of 

polycrystalline cubic boron nitride cutting tool on the 

cutting forces, and the tool stresses in finishing hard 

turning of AISI 52100 steel. The results obtained by 

them show that an angle of 20° has a major influence 

on the cutting forces. Aruna and Dhanalksmi (2014) 

studied the optimization of cutting parameters in 

turning of Inconel 718 with response surface method. 

Thus, the parameters obtained by optimization were 

validated by experimental tests.  

 

The objective of this study is to determine the 

optimum geometrical parameters of the cutting tool 

using both, finite element analysis and Taguchi 

method. 

 

MATERIALS AND METHODS 
Experimental Design: This study was used to 

optimize and analyze the influence of the nose radius, 

rake angle and clearance angle on the cutting forces 

(Fy and Fz), cutting zone temperature and thermal 

deformation of the tool. The study was realized using 

the following steps: 1. Design plan of experiments; 2. 

Finite element simulation of the cutting process in 
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accordance with the designed plan of experiment; 3. 

The calculation of signal to noise ratio; 4. Identifying 

the optimal test. 

 
Fig 1: Thermal deformation of the cutting tool: (a) for rβ=0.4mm; 

(b) for rβ=0.8mm; (c) for rβ=1.2mm. 

 

Design Plan of Experiments: At this stage, an 

orthogonal experimental plan was developed and was 

varied on three levels, three geometric parameters of 

the tool: nose radius, rake angle and clearance angle. 

Three values were considered for the nose radius: 

0.4mm, 0.8mm and 1.2mm. The following values 

were selected for rake angle: 6, 7, 8, and for the 

clearance angle; 8, 10 and 12.  

 

Finite Element Simulation of the Cutting Process in 

Accordance with the Designed Plan of Experiment:  

For the finite element simulation of the cutting 

process, the Deform 2D software was used for the 

tests simulation. Machining parameters were kept 

constant so that the cutting speed was set to 

280m/min, the feed rate to 0.23mm/rev and depth of 

cut to 1.5mm. In order to study the influence of 

geometrical parameters on the cutting forces, 

temperatures and thermal deformations of the tool, 

the values of the nose radius, rake angle and 

clearance angle were considered variables. Regarding 

the choice of materials for tool and work piece, 

tungsten carbide was chosen for the tool and AISI 

1045 carbon steel for the work piece.  

 

The Calculation of Signal to Noise Ratio: The 

method of statistical analysis of signal to noise ratio 

developed by Taguchi method was applied in this 

study in order to identify the optimum combination 

of tool geometric parameters. This ratio was 

calculated using the formula in equation 1 (Julean, 

2003).  
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where, s is the standard deviation of the measured 

values; Ӯ– arithmetic mean of the measured values. 

Table 2 summarized the results for the signal to noise 

ratio. 

 
Table 1: Orthogonal Plan of Experiments 

Test Input parameters 

rβ 

[mm] 

Γ 

[°] 

Α 

[°] 

1 0.4 6 8 

2 0.4 7 10 

3 0.4 8 12 

4 0.8 6 10 

5 0.8 7 12 

6 0.8 8 8 

7 1.2 6 12 

8 1.2 7 8 

9 1.2 8 10 

 

Identifying the Optimal Test: The optimum ratio was 

identified by the maximum value calculated. From 

Table 2, the maximum value of S/N ratio was 

obtained for the Test 3. Test 3 was the optimum 

combination of the nose radius, rake angle and 

clearance angle for this study. These values were 

shown in Table 3. 

 

RESULTS AND DISCUSSION 
Table 1 shows the orthogonal plan of experiment 

with the three levels of variation and the three factors 

of influence, Table 2 shows the output parameters 

and S/N ratio values, Table 3 shows the optimal 

parameters of cutting tool geometry, Table 4 shows 

the means value of the output parameters 

respectively. Figure 1 shows the thermal deformation 

of the cutting tool: (a) for rβ=0.4mm; (b) for 

rβ=0.8mm; (c) for rβ=1.2mm, Figure 2 shows the 

variation of the cutting forces with rake angle, Figure 

3 shows the variation of the thermal deformation with 
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rake angle, Figure 4 shows the variation of the 

cutting forces with clearance angle, Figure 5 shows 

the variation of the temperature with clearance angle 

and Figure 6 shows the variation of the thermal 

deformation with clearance angle. 

 

 
Table 2: Output Parameters and S/N Ratio Values 

Test Input Parameters Output Parameters S/N 

[dB] Rβ 

[mm] 

Γ 

[°] 

Α 

[°] 

Fy 

[N] 

Fz 

[N] 

T 

[°C] 

Tool 

Deformation 

[mm] 

1 0.4 6 8 519.60 666.48 493.24 0.002464 -54.1564 

2 0.4 7 10 560.54  650.82 506.55 0.002765 -54.3131 

3 0.4 8 12 519.52 659.05 460.14 0.002942 -53.9686 

4 0.8 6 10 678.59 1042.68 708.66 0.003680 -57.4840 

5 0.8 7 12 667.80 1051.87 894.76 0.003356 -58.0748 

6 0.8 8 8 677.33 1053.77 720.58 0.003824 -57.5657 

7 1.2 6 12 822.55 1408.07 689.75 0.004295 -57.8795 

8 1.2 7 8 814.81 1423.25 701.77 0.004008 -59.4479 

9 1.2 8 10 799.12 1402.87 699.35 0.003645 -59.3274 

 

Table 3: The Optimal Parameters of Cutting Tool Geometry 

Rβ 

[mm] 

Γ 

[°] 

Α 

[°] 

Fy 

[N] 

Fz 

[N] 

T 

[°C] 

Tool 

Deformation [mm] 

S/N 

[dB] 

0.4 8 12 519.52 659.05 460.14 0.002942 -53.9686 

 

Table 4: Mean Value of the Output Parameters 

Geometric Parameters 

of the Tool 

Fy 

[N] 

Fz 

[N] 

T 

[°C] 

Tool Deformation 

[mm] 

Rβ 

[mm] 

0.4 533.21 658.79 486.64 0.0027236 

0.8 674.57 1049.44 774.66 0.0036200 

1.2 812.16 1411.40 696.95 0.0039826 

Γ 

[°] 

6 673.58 1039.07 630.55 0.0033763 

7 681.05 1041.98 701.03 0.0034796 

8 665.32 1038.56 626.69 0.0034703 

Α 

[°] 

8 670.58 1047.83 638.53 0.0034320 

10 679.42 1032.12 469.34 0.0033633 

12 669.96 1039.67 681.55 0.0035310 

 

Influence of the Nose Radius: The values of the Fz 

forces increased significantly as the nose radius 

increased (Table 4). It was observed that increasing 

the nose radius lead to a higher Fz force with 

approximately 360-400N. The value of Fy force 

increased with about 140N as the nose radius 

increased. Regarding the influence of nose radius on 

the temperature, it was observed that the highest and 

the lowest temperature value were obtained at a nose 

radius of 0.8mm and 0.4mm respectively (Table 4).  

 

Moreover, the thermal deformation of the cutting tool 

increased as the nose radius increased. It is important 

to note that for a nose radius value of 0.4mm, cutting 

tool deform on the radius and rake face direction, and 

for the other two values, the deformation took place 

on the radius and clearance face direction (Figure 1). 

 

Influence of the Rake Angle: From the study of the 

influence of rake angle on the forces (Figure 2), it 

was observed that these values were kept 

approximately constant, and the lower force value 

was obtained at rake angle of 8°. Regarding to the 

temperature variation and thermal deformation with 

the rake angle, the results show that the highest 

values were recorded for an angle of 7° (Figure 3 and 

4). 

 

 
Fig 2: Variation of the Cutting Forces with Rake Angle 

 

Influence of the Clearance Angle: The value of the 

forces were considered to be approximately constant, 

and in the case of temperature there was a reduction 

of 170°-200° for a rake angle value of 10° compared 
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with 8° and 12° (Figure 4 and 5). From Figure 6, it 

was observed that the thermal deformation of the tool 

also decreased by 10° rake angle value. 
 

 
Fig 3: Variation of the Thermal Deformation with Rake Angle 

 

 
Fig 4: Variation of the Cutting Forces with Clearance Angle 

 
Fig 5: Variation of the temperature with clearance angle 

 

Conclusion: The study of the influence of tool 

geometric parameters on the cutting forces, 

temperature and thermal deformation of the tool were 

investigated. The study involved both finite element 

analysis and optimization of cutting tool geometric 

parameters by Taguchi method. Thus, force values 

increased as the nose radius increased, the lowest 

force and temperature value were obtained for a nose 

radius of 0.4mm. Thermal deformation increased as 

the nose radius increased. The rake angle and 

clearance angle value had a small influence on the 

cutting forces. 
 

 
Fig 6: Variation of the thermal deformation with clearance angle. 
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