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ABSTRACT: The quality of the machined parts is strongly influenced by the rigidity of the 

technological system, but also by the size and variation of the forces that occur during the 

cutting process. At a certain stiffness of the workpiece, the macrogeometric deviations of the 

shape depend on the size and direction of actuation of the cutting forces that occur in the 

cutting process. The paper presents the variation of the cutting force values for the turning 

operation due to the working geometry of the cutting tool during the cutting process in order to 

optimize the geometry of the active part of the cutting tool. Thus, there was analyzed the 

influence of the angle values of the main cutting direction on the values of the cutting forces. 
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INTRODUCTION 
 

 The complexity of the cutting process 

requires a thorough knowledge of the 

modeling of existing phenomena during 

cutting. 

 Current research has shown that it is 

indispensable to develop cutting models that 

only consider the three-dimensional character 

of the machining process, and it is necessary 

to model the forces and moments of cutting 

that occur during processing. In order to 

optimize the cutting process, the 

understanding of the mode of action of the 

cutting forces is essential in order to optimize 

a machining process. The cutting forces are 

very important indicators, which are also one 

of the criteria for optimizing processing 

parameters, energy consumption or quality of 

machining, choice and dimensioning of tools 

and machine tools. Turning-off forces have 

been studied both analytically and 

experimentally [1, 2], but it will be 

emphasized the need to consider the cutting 

forces in shaping the cutting processes and in 

calculating the energy balance [3, 4]. The 

first in-depth research into the field of force 

and moment moments measurement that 

related to the moments attached to the tool 

during processing was performed using a six-

component dynamometer developed in the 

LMP laboratory at the University of 

Bordeaux 1 [5, 6]. With the demonstration of 

moments at the tool / chip interface and the 

possibility of measuring the six components 

of the torso, several studies have shown the 

importance of moments in the cutting 

processes, demonstrating that the moments 

are involved in the energy balance. Thus, 

during the cutting process, a series of 

geometric, cinematic and dynamic 

parameters, as well as their variations, have 

to be considered, leading to 2D or even 3D 

models [7-9]. 

 These parameters were the object of the 

study of the thermodynamic behavior of both 

the process and of the machine tool, based on 

the actions generated by the process, the 
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energy balance. The energy balance, as 

demonstrated by a number of researchers  

[10,11], responds to both the forces and the 

moments resulting from the contact of the 

tool / piece / chip. 

 This theory of mechanical actions is 

based on torsion theory [5, 9, 12];being 

validated by highlighting moments at the tool 

tip for both turning [6, 9, 12];  and drilling 

[13] or milling [7] respectively. 

  Recently, by developing metrological 

means (dynamometers) to measure 

mechanical actions (forces and moments) in 

the three directions, it has made it possible to 

produce three-dimensional machining models 

for turning, drilling, but less for milling due 

to the complexity of this process. Due to the 

lack of information on the analytical 

understanding of the moments existing in the 

tool / chip contact areas, a detailed study of 

the experimental and theoretical analysis is 

performed in order to determine a 3D chip 

model [4]. 

 In the last few years the industrial sectors 

with the highest economic growth were the 

industrial ones. These sectors are implicitly 

related to the machining of parts made of 

products made in these fields. Given the 

conditions of productivity, quality and cost 

imposed by the market, the development of 

mathematical optimization models that 

respond to these conditions is absolutely 

necessary. Machining of the parts is done on 

machines, and tools and cutting regimes are 

needed to work in optimal conditions. These 

cutting regimes are optimized by the use of 

cutting patterns that take into account the 

three-dimensional character of the machining 

process. The paper presents the variation of 

the cutting force values for the turning 

operation due to the modification of the 

geometry of the cutting tool during the 

cutting process in order to optimize the 

geometry of the active part of the cutting 

tool.  

 In order to improve the metal cutting 

processes, the numerical modeling and 

simulation them. 

        A necessary requirement is to 

numerically model the interaction between 

the tool-chip interface to predict the 

performance of the cutting process. 

 

CUTTING FORCE AT TURNING 
 

 The force required to detach the chip 

must be known both for designing machine 

tools, cutting devices and tools, and for 

setting limit values for its size depending on 

the strength or, more often than not, on the 

rigidity of the workpiece. In the process of 

cutting, the state of tension is complex; 

however, the practice has shown that the 

greatest deformations are due, first of all, to 

the compression occurring in the chip layer. 

 Theoretically, the size of the cutting 

force can be determined considering the split 

layer as a compressed specimen, Figure 1. 

Under these conditions, the normal unit 

tensions appearing in the specimen are 

subject to the polytropic law of plastic 

compression [14]; 
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Figure1. Compressed specimen   

                nn ll   00                     
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where:   -is the unitary voltage appearing in 

the specimen due to the force P; 

 0 - conventional flow limit; 

)(sin1

1.1 r

i

pii fakF 



               Annals of the „Constantin Brancusi” University of Targu Jiu, Engineering Series , No. 2/2018 

 

121 

 

l0 – the initial length of the specimen 

subjected to deformation; 

l – the length of the deformed specimen 

under the action of force; 

n -the constant that depends on the dematerial 

and the shape of the deformed specimen. 
1

00

1  
nn lPlP                       (4) 

Or, if n-1 = m is noted, it results that, in the 

plastic compression, polytropic law 

              
mn ll   00                    (5) 

 The equation is valid only for the area of 

the deformations remaining and not for the 

area of the elastic deformations. 

Because of this, admitting that the polytropic 

equation of the plastic compression is fair, 

even from the beginning of the deformation, 

 0 becomes a conventional breaking limit. 

For a parallelepiped specimen (detached 

chip) of section q = ab (b> a), it results: 

              
baF  00 

                       
(6) 

 The shearing forces occur as a result of 

the elastic and plastic deformation of the chip 

and the surface to be cut, tear, detachment, 

bending and spiraling of the chip as well as 

overcoming the frictional forces between the 

chip and the face of the recess and between 

the recess face and the surface worked. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.Components of the cutting force 

. 

 

 The cutting force has a size and direction 

of action that depends on: the quality of the 

machined material, the size of the cutting 

system elements, the geometric parameters of 

the cutting tool, the cooling and lubricating 

liquids [16 - 17]; 

The cutting force, for practical reasons, is 

considered by the components they (Figure 

2): 

- the direction of the main movement, Fz: 

- in the direction of the forward movement, 

Fx; 

- radial to the half-finished Fy,[17] 

Resulting force R has the value: 
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 The forces occurring during the cutting 

process are influenced by the following 

parameters: 

- processed material and tool material. 

Generally, the more the machined material 

has a higher breaking strength or hardness, 

the more the cutting forces are obtained. 
n

rZ CF  1  for steel                              (10) 
m

Z HBCF )(2  for cast iron                   (11) 

 The tool cutter material influences little 

on the components of the cutting force, the 

changes being due, in this case, to the 

variation of the friction coefficient between 

the tool material and the piece [17]. 

- geometric parameters of the tool 

 Of the geometric parameters of the tools, 

the greatest influence on the cutting force o 

has the variation of the angle of clearance. 

When increasing the clearance angle, all 

components of the cutting force decrease, but 

with varying speeds of variation. The highest 

slope is recorded at FX component variation, 

FY and FZ components, changing at lower 

speed. [14, 15]. 

 Variation of the seat angle does not 

change the value of the normal force and the 

frictional force on the clearance face but only 

has an effect on the forces acting on the tool 

TOOL 

HALF-
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face. Therefore, the overall cutting force 

decreases when increasing the angle α mainly 

due to the reduction of the frictional force on 

the settlement face. 

 Experimental research has shown that for 

angles of settlement between 20 and 100, the 

increase in this angle produces a decrease in 

the components of the friction force (in 

particular the Fy and FX components), and at 

values greater than 120, the influence of the 

angle of settlement is negligible . [14] 

 From the parameters of the cutting 

regime, the depth and the advance have a 

considerable influence on the cutting force, 

namely, the increase of the section of the 

cutting layer, which increases the resistance 

to deformation, thus increasing all the 

components of the cutting force. In the 

calculation relations for the cutting force 

components, in general, XF> YF, which 

means that the influence of the cutting depth 

on the force size is higher than the advance. 

The cutting speed has a lesser influence on 

the cutting forces than the other two cutting 

parameters. It has been found that in 

increasing speed all parts of the cutting force 

register a slight decrease, mainly due to the 

temperature increase in the chip formation 

area, which leads to the decrease of the 

opposite resistance to the full main 

component of the regime factors is as 

follows: 

Fz
Fz

Fz zyx

FzZ vstCF


 (12) 

where: zFZ is much smaller than xFZ and YFz, 

which is why this influence is neglected at 

the usual cutting speeds. 
 

- Characteristics of coolants and 

lubricants. 
The use of coolants and cutting lubrication 

has the purpose, on the one hand, of lowering 

the temperature in the cutting area and, on the 

other hand, reducing the cutting forces by 

reducing the cutting resistances. Very 

important effects of using coolant and 

lubricant:  

- penetrating between the face of the 

clearance and the chip, as well as between the 

facing face and the surface of the workpiece 

and improves the friction coefficient, 

reducing the Fy and Fα components of the 

cutting resistance; 

- penetrates into the microcracks between the 

chip pieces between which slides occur 

during the cutting process and, due to the 

high absorption forces between the crack 

walls and the molecules of the active 

substance, wraps (crackling) the cracks, thus 

helping to destroy the cohesion of the 

processed material elements, which reduces 

the Rf and Rc components of the internal 

cutting resistance;  

- produces some lubrication of the sliding 

surfaces between the chip members, which 

reduces the internal frictional force Fi 

[14,15]. 

 

EXPERIMENTAL RESULTS 
 

 The investigations carried out aimed at 

determining how the main cutting force 

evolves according to the variation of the 

functional geometry of the cutting tool in the 

turning operation. For the mathematical 

modeling of the evolution of the cutting force 

according to the geometry of the cutting tool, 

we started from the equation: 

         
)(sin1

11 r

i

pii fakF             (13) 

In equation 13, the following notation was 

made: kfak i

pi  1

11  

Thus, equation 13 becomes: 

                      ri kF sin
                 (14) 

The angle of the main cutting direction can 

be expressed with the following formulas: 

            

]sin[ r

MD

f
arctg 


 

             

(15) 

Given the equations 13 and 15, we have 

obtained the following equation 16 which 

shows the dependence of the cutting force on 

the angle of the main cutting direction and 

the diameter of a point on the workpiece DM. 
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 Thus, with the help of equation 16, a 

range of values can be set 

 Thus, by means of equation 16, it is 

possible to establish a range of variations of 

the functional geometry values in which the 

cutting force is maintained in acceptable 

parameters. In order to perform this analysis 

a process of turning a piece made of a alloy 

steel 50WCrV8 with = 55 daN/mm2, 

diameter  40 mm. A frontal hammer cutter 

made of P10 metal carbide was used for 

machining with knife body section 

 q = 20x30 mm xmm and which has the 

optimal geometry recommended: 

 

 mmr 2;5;6;45 000    

In the calculations, several phases were 

mentioned: 

 - setting values for the angle of the main 

cutting direction η, table 1; 

 - establishing the variation of the values 

for the functional settlement angleαDe, table 1 

 - determining the variation of the values 

for the functional degeneration angle lγFe, 

table 1; 

 

 

 

Table 1. Evolution of the cutting force according to the variation of the tool geometry during 

the cutting process. 
The feed f,mm/rot 0.50 

Diameter,mm 40 35 30 25 20 15 10 5 1 

η 0.2270 0.2600 0.3030 0.3640 0.4550 0.600 0.910 1.820 9,0430 

αDe 5.773 5.7400 5.6970 5.6360 5.5450 5.4000 5.090 4.180 - 3,0430 

γFe
 5.2270 5.2600 5.3030 5.3640 5.4550 5.600 5.910 6.820 14,0430 

F,  K*0,995 K*0,997 K*0,997 K*0,998 K*0,998 K*0,996 K*0,998 K*0,998 K*0,999 

The feed f,mm/rot 0.70 

Diameter,mm 40 35 30 25 20 15 10 5 1 

η 0.3190 0.3640 0.4250 0.5100 0.6380 0.851 1.270 2.550 12.560 

αDe 5.6810 5.6360 5.5750 5.490 5.3620 5.1490 4.730 3.450 -6.560 

γFe 5.3190 5.3640 5.4250 5.5100 5.6380 5.851 6.270 7.550 17.560 

F, N K*0,999 K*0,998 K*0,998 K*0,999 K*0,999 K*0,999 K*0,995 K*0,999 K*0,999 

The feed f,mm/rot 0.90 

Diameter,mm 40 35 30 25 20 15 10 5 1 

η 0.4100 0.4680 0.5470 0.6560 0.8200 1.0940 1.640 3,270 15.980 

αDe 5.590 5.530 5,450 5.3440 5.180 4.9060 4.360 2.730 -9.980 

γFe 5.4100 5.4680 5.5470 5.6560 5.8200 6.0940 6.640 8,270 20.980 

F, N K*0,997 K*0,999 K*0,999 K*0,999 K*0,999 K*0,999 K*0,999 K*0,997 K*0,999 

The feed f,mm/rot 1.2 

Diameter,mm 40 35 30 25 20 15 10 5 1 

η 0.5470 0.6250 0.7290 0.8750 1.0940 1.4580 2.180 4.360 20.90 

αDe 5.4530 5.3750 5.2710 5.1250 4.9060 4.5420 3.820 1.640 -14.90 

γFe 5.5470 5.6250 5.7290 5.8750 6.0940 6.4580 8.180 9.360 25.90 

F, N K*0,999 K*0,999 K*0,999 K*0,999 K*0,999 K*0,999 K*0,999 K*0,999 K*0,999 

The feed f,mm/rot 1.4 

Diameter,mm 40 35 30 25 20 15 10 5 1 

η 0.6380 0.7290 0.8510 1.0210 1.2760 1.7010 2.550 5.0930 24.010 

αDe 5.3620 5.2710 5.1490 4.9790 4.7240 4.2990 3.450 0.9070 -18.010 

γFe 5.6380 5.7290 5.8510 6.0210 6.2760 6.7010 7.550 10.0930 29.010 

F, N K*0,999 K*0,999 K*0,999 K*0,999 K*0,999 K*0,999 K*0,9991 K*0,9992 K*0,9995 
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Figure 3. Expression of the cutting force according to the angle of the main cutting 

direction for the feed of 0.5mm / rot 

. 

 

 
 

Figure 4. Expression of the cutting force according to the angle of the main cutting 

direction for the feed of 0.7mm / rot. 
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Figure 5. Expression of the breaking force according to the angle of the main cutting 

direction for the feed of 0.9mm / rot. 

 

 

 

Figure 6. Expression of the breaking force according to the angle of the primary cutting 

direction for the 1.2mm / rotary feed. 
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CONCLUSIONS 

 
 Following the analysis we can draw the 

following conclusions: 

- the cutting force increases once the advance is 

increased. 

- there is a range of angular variation or for 

which the cutting force is approximately 

constant, which is more noticeable in the case 

of turning with an advance f = 0,9 mm / rot or f 

= 1,2 mm / rot; 

- an increase of the feed rate over a value of 1.8 

mm / liter results in a substantial increase in the 

cutting force for a working diameter of less 

than 25 mm; 

-for feeds less than 0.9 mm / hg, the highest 

values of the holes are obtained in the 

conditions of diameters ranging from 20 to 30 

mm. 

 

REFERENCES 

[1] Germain, D., Fromentin,G., Poulachon,G., 

Bissey-Breton, S. (2013) - From large-scale to 

micromachining: A review of force prediction 

models, Journal of Manufacturing Processes 15, 

pp.389–401; 

[2] Matsumura,T., Shirakashi,T. and Usui, E. 

(2010) - Adaptive Cutting Force Prediction in 

Milling Processes, Int. J. of 

AutomationTechnology, Vol.4, No. 3 

[3] Albert, G., Laheurte, R., K'Nevez, J-Y, 

Darnis, Ph., Cahuc, O. (2011) - Experimental 

milling moment in orthogonal cutting 

condition: an accurate energy balance, The Int. 

J. of Adv. Manuf. Technology, Vol. 55, Issue 9-

12, pp. 843-854; 

[4] Bisu, C.F., Olteanu, E. L., Laheurte, R., 

Darnis, Ph. (2011) - Dynamic analysis on 

cutting torsor during the milling process, 

International Science And Technology 

Conference –ISTEC 2011, ISSN 2146-7382, 

pp.225-230;  

[5] Couetard, Y. (1993) - Two-way force 

sensors and application to the measurement of a 

force torsor, French patent - CNRS- 

93403025.5 Order no .: 2240; 

[6] Toulouse, D. (1998) - Contribution to the 

modeling and metrology of cutting in the case 

of a three-dimensional machining, PhD Thesis, 

University Bordeaux 1, France, n ° 1925; 

 [7] Albert, G. (2010) - Identification and 

modeling of torsor cutting actions in milling, 

These of Doctorate, University Bordeaux 1, no. 

4152; 

 [8] Cahuc, O., Darnis, Ph., Laheurte, R. (2007) 

- Mechanical and thermal experiments in 

cutting process for new behaviourlaw, Int. J. 

Form. Proc. 10, 2, p. 235-269;  
[9] Laheurte, R. (2004) - Application of the 

second gradient theory to material cutting, 

Thesis no. 2935;  

[10] Albert, G., Cahuc, O., Laheurte, R., 

Darnis, Ph., K'nevez, J-Y. (2008) - Energy 

approach of cutting in milling. In: 5th machine 

sitting and high speed machining. Nantes, 

France; 

[11] Cahuc, O., Darnis, Ph., Gérard, A., 

Battaglia, J.-L. (2001) - Experimental and 

analytical balance sheet in turning applications, 

Int. J. Adv. Manuf. Technol.18, 9, p. 648-656;  

[12] Bisu, C. F. (2007) - Study of self-sustained 

vibrations in three-dimensional section: new 

modeling applied to filming, PhD Thesis in 

Mechanics, Bordeaux 1 University and 

Politehnica University Bucharest, France; 

[13] Dargnat, F. (2006) - Semi-analytical 

modeling by energetic approach of the process 

of drilling of monolithic materials, PhD Thesis, 

University Bordeaux 1, France, no. 3216; [14] 

Teodor V., The bases of cutting processes, 

University "Dunărea de Jos", Galati - 2008 

[15] Alvarez L., Luis CJ, Puertas I., (2004), 

Analysis of the influence of EDM parameters 

on surface quality, MRR and EW of WC-Co, 

Journal of Materials Processesing Technology, 

vol.153-154, 1039 -1044. 

 

 

 

 

 


