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Abstract:      The choice of an appropriate radius of the circular plate for specific conditions processing requires knowledge of its impact 
on the physical dimensions of the layer cuts. Cross-section is characterized by the following physical dimensions: thickness hi, width b and 
area A. They are directly dependent on the regime parameters and a cutting depth and feed f, also known as technological shear layer 
dimensions and greatly influence the phenomena supporting cutting. 
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1.  Introduction 

     The aim of experimental studies are to establish influence of 
the elements of the system of cutting - speed Vc [m / min], 
submission f [mm / tr], AP depth [mm], respectively the elements of 
the intersection of a layer cuts - hi [mm] thick, bi [mm] width on 
cutting forces to different types of materials. Through the results 
obtained are built private relationships through which displayed 
correction factors involved in relationships (1). 

   Fc=CFc.ap
xFc.fyFc.Vc

nFc.KFc                                  (1) 
   Fp=CFp.ap

xFp.fyFp.Vc
nFp.KFp   

   Ff=CFf.ap
xFf.fyFf.Vc

nFf.KFf  

1. Methods for conducting research in determine the influence 
of individual factors on the cutting force.   

To establish the effect on cutting force of the majority of the 
factors [3,4]: 

)b,a,h,V,D,P,HB.,мат.обр(fF h                  (1.1) 

Single factor is used mathematical model expressing 
dependence as a function of speed types:  

b
FxCy  ,                                                               (1.2) 

Where: CF - ratio,; x - studied factor; b - Exponent. 

When switching to a linear model of equation regression of both 
sides logaritham up: 

xlnaClnpln p                                 (1.3) 

If a: Ypln   , 0p ACln   ,  Xxln    expression yields the 
form: 

0AaXY                                                                  (1.4)                                                              

 To determine the unknown values of the coefficient and 
exponent using the method of least squares (Least Squares Method) 
[8]. 

The sum of squared errors S of all n experience is expressed as: 
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After differentiation of the function of squared errors S on A0 
and a conversion and 

  ii YXanA0                                                                (1.6)                   

   iiii YXXaXA 2
0                                                    (1.7)                   

Efforts are: 

  ii Yb;Xa;na 11211                            (1.8)                    
  ii2

2
221221 YXb;Xa;aa i  

         Then type the extraction system: 

112011 baaAa                                                                     (1.9)                   

222021 baaAa                                                                     (2.0)                   

 Identify the determinants: 
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 Where the final determination of dependencies of the 
coefficients and exponent derived types: 




 1
0A

   ;    


 2a
;  

0p
AeC   ;                                              (2.2) 

 The data processing is done through software - Microsoft 
Excel 2003, the assessment of the effectiveness of the selected 
mathematical model is done by the correlation coefficient R. 
Experiments were performed three times with repeatability having 
obtained dependencies were built with the averages for each trial. 

1.2. Types of power relationships in combination through 
cutting. 

Cutting forces during machining combined with a floating 
cutter block are expressed, by turning on the relationships proposed. 
The most common grades are: 

 Fc=CFc.ap
xFc.fyFc.Vc

nFc.KFc   Fp=CFp.ap
xFp.fyFp.Vc

nFp.KFp

  Ff=CF.f.apxFf..fy.Ff.Vcn.Ff..KFf (2.3) 

As it is appropriate to use depends on the type: 

Kc=Fc/A=Fc/h.b ,                                                            (2.4)  
Where the specific cutting force-Kc, N/mm2 - characterizes the 

degree of resistance of the metal against chip formation. Expressed 
as a ratio between the main force Fc, N, aligned to the shear layer 
cross section area A,mm 2 and physical influences on the work 
required to process unit volume added. 
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Despite the advantage of the approach, its practical application 
is greatly reduced. Reasons for this lie in a vague, inaccurate and 
incomplete dependence for determining the area waiver of cutting 
sections, insufficient information on the specific force and the lack 
of published data on the influence of individual factors on the value 
of and the lack of published data on the influence of individual 
factors on the value of ú. 

 
1.3. Type of material processed 

 

 
Cutting process is investigated for the treatment of cuts 
from round rolling steels: 

- 45 of diameter D = 60 mm and hardness HB = 195 
- ASt3 diameter D = 60mm and hardness HB = 187 
- 40x diameter D = 60mm and hardness HB = 207 
- 30HGT diameter D = 60mm and hardness HB = 220 
- GG 20 with diameter D = 90 mm and hardness HB = 140 
- CuAl10Fe3Mn1 diameter D = 60mm and hardness HB = 
154. 
 Their choice is guided mainly by the extent of their 
practical application in production and the pursuit of research to 
cover materials whose strength characteristics and workability 
by cutting amended in - closer range. 

  

Studies of physics - mechanical tests are carried out by means 
of universal hardness models 2I09 TB and WPM Preparations prior 
to each experiment, once at the machine tool is the pass obstargvat 
knife. Studies of physics - mechanical tests are carried out by means 
of universal solid models 2I09 measured TB and WPM. 
Preparations prior to each experiment, once at the machine tool are 
the pass obstargvat knife In order to ensure uniformity and added 
the same cutting conditions. All studies were conducted without the 
use of rubbing - coolant. 

 

1.4. Tooling 

 

In conducting research used circular, removable cutting carbide, 
and the preparation of the work piece with tools such spoyaemi:-  
при грубо обработване проходен нож с P30 (T5K10) ; 

- When processing clean plate P10 (T15K6). 

  - Knife - PEDBR 2525B12 C1 

- Plate - RBM 120702FR 

Figure 1-a) is presented TOOL POST with replaceable carbide 
round, and b) round cutter cone plate with a secure rear cutting 
angle γ = 6 °. 

 

 

 

 

 

 

 

 

   

 

  a)                 Fig.1-a-b                            b) 

 

1.5. Calibration of the dynamometric system 

To determine the size of the forces measured in Newton’s, it is 
necessary to pre-tared load used both systems - Fig.3.4. To do this 
in three component dynamometer at the lathe knife mounted 
prismatic body excursion equal to that of the instrument. Calibration 
is performed using a dynamometer control - bracelet and special 
device - Fig.3.5. 

Fig.1.2. Scheme for calibration of the dynamo metric [2] 

 

 

 

 

Fig.1.3. Device for 
calibration: 

A. Frame 2. Loading screw Fc, 3.Natovarvasht screw Fp, 
4. Prismatic reference body 5.Sachma, 6.Natovarvasht screw Ff 

 

 2. Preconditions and means to solve the problem. 

 

 2.1. Benchmark schedules dynamometric system. 
The results of experiments performed three times for 

each of the three forming a cutting force are presented in 
tables 1 and 2 graphically in Fig. 1.4 and 1.5. Charts are 
built on experimental data and reflect the functional 
dependence between the deformation of the weakened 
section of the dynamometer ΔF [μm], recorded with 
micrometric indicator clocks in ternary mill volt meter and a 
tool holder for dynamometer. Reference data in the 
direction of force F, N three-component dynamometer in 
Table 1. 
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Fig. 1.4. Reference schedule 
three-component dynamometer 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1.5. Reference schedule TOOL POST – 
dynamometer 

Reference data in the direction of force F, N for TOOL 
POST - dynamometer Table 2 

Models for ternary dynamometer are approximated by 
linear functions. 

Regression equations have the form: 

Fc=0, 0063. х,                                                                   (2.5)        

Fp= 0,004.x,    

Ff= 0, 0057.x.       

The result demonstrates the applicability of the dynamometric 
system and the accuracy of the model and loads exceeding those 
achieved experimentally. 

In the tool holder dynamometer models are approximated by 
linear functions. Regression equations have the form: 

Fc=0, 0087. х,                                                                     (2.6) 

Fp= 0, 0071.x,    

Ff= 0, 0047.x.      

2.2. Investigation of the influence of the elements of the 
regime on cutting force components cutting.. 

2.2.1. Cutting depth. 

To establish the influence of a factor on cutting force [1,2 and 
3] others need to remain constant. In cases where POS ¬ stantly 
spindle speed n = const [min-1] and constant supply f =const [mm] 
is amended then ¬ therefore cutting depth. Other factors that led the 
study, diameter, geometric parameters of the tool and work piece 
diameter are also permanent and are listed in Table 3. Be adopted as 
basic research on steel 45. The influence of other material on 
cutting forces on Fc, Fp and Ff is shown in fig.1.6, Fig. 1.7 and 
fig.1.8. and Tables 4,5 and 6 it is reported by Correction factor Km 
ap F, at the same depth values for shear layer for each of the forces 
Fc, Fp and Ff. 

Terms of experiment F = f (ap) Table 3.                

 Fig.1.6. Diagram of H = fap) 

     The results of the impact - fig. 1.6 dalbchinata cutting AP 
[mm], and hence a bi [mm] width of the section shear layer on the 
forces Fc, N, Ff, N and Fp, N confirmed previously expressed 
expectations that according to the increase in AP [mm], the forces 
increase. In turn, this increase is proportional as to increase the 
depth of cut is not amended several ¬ rate of deformation of chip 
and therefore does not change the load per unit length of the cutting 
edge. 
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Experimental conditions Fc = fap) in different materials Table 
4. 

   

 Fig.1.7. Diagram of Fc = fap) in different materials. 

 Experimental conditions Fap = fap) in different materials Table 
5. 

 

 Fig.1.8. Diagram of Fap = fap) in different materials. 

 Experimental conditions Ff = f (ap) in different materials Table 
6. 

    

The influence of cultivated material on cutting forces is 
complex. In other conditions constant, it mainly occurs through an 
effect on mechanical properties – tensile strength - σB and Brinell 
hardness - HB. In turn, this effect is not clearly expressed. On the 
one hand increasing σB and HB leads to increased force on the front 
surface of the instrument voltages, where the value of F increases. 

 

 

 

Fig.1.9. Diagram of H = fap) in different materials. 

Alongside this process, however, increasing σB and HB causes 
and reduction of characterizing the degree of plastic deformation 
rate of shortening of the chip, which in turn reduces the specific 
cutting force. Balance formed by degrees of variation of these 
mutually exclusive factors that determine the intensity of growth of 
F. 

For processing of plastic materials value of the force is greater 
than in lean. Physically this fact is explained by the weaker links in 
the crystal lattice of plastic materials. Easy overcome the forces 
between the atomic interaction gives rise to plastic deformation 
shear layer increased frictional forces due to the increased area of 
elastic contact between the front surface of the instrument and 
expiring metal layer, and hence in general and mechanical work 
required for cutting. 

For processing of materials prone to mechanical reinforcing, 
such as austenitic, titanium and chromium nickel steels, the cutting 
process is accompanied by complex physical - chemical 
phenomena. Despite the weak tendency of such materials to plastic 
deformation in them in the cutting process to form cold-hardening 
due to. 
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That due to repeated increased hardness, specific force is 
forecast to grow also.  

Nonferrous metals and alloys have low hardness and high 
plasticity, thus cutting forces when they are low. 

For a group of cultivated material impact on the value of F has 
the structure. Other things being equal steels with low content of 
dissolved carbon or carbides generate power at lower cost. 

Weightings reflecting the impact of cultivated material are 
shown in Table 10. They are derived as a base material selected is 
steel 45.Compared to experiments performed under identical 
conditions but with different materials. 

Weightings ki ap in Table 7. 

 

2.2.2.. Submission 

The conditions under which experimental studies have been 
conducted to establish the influence of supply on the forces - Fc, N, 
Ff, N and Fp, N = f (f) for steel 45 are shown in Table 8.Rezultatite 
are illustrated in diagrams - Fig. 2.0.The influence of other material 
on cutting forces on Fc, Fp and Ff is shown in fig.2.1, Fig. 2.2 and 
fig.2.3. Tables 9.10 and 11, it is recognized Correction factor by 
Km fF, at the same depth values for shear layer for each of the 
forces Fc, Fp and Ff. 

 Terms of experiment F = f (f) Table 8. 

 

 Fig.2.0. Diagram of F = f (f). 

 Terms of experiment F = f (f) in Table 9 different materials. 

 

 Terms of experiment F = f (f) for different materials in Table 
10. 

 

 

Fig.2.1. Diagram of Fc = f (f) for different materials. 

 Fig.2.2. Diagram of Php = f (f) for different materials. 

Experimental conditions Ff = f (f) for different materials Table 
11. 

Материал 45 30ХГТ 40Х АСт3 СЧ20 CuAl10
CFc 1224 1972 1527 756 505 420
Кm apFc 1 1.61 1.25 0.62 0.41 0.34

CFp 866 1885 1452 697 682 606
Кm ap Fp 1 2.18 1.68 0.80 0.79 0.70

CFf 673 1155 1006 704 616 551
Кm ap Ff 1 1.72 1.49 1.05 0.92 0.82
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Fig.2.3. Graphic dependence of Ff = f (f) for different materials. 

When turning with increasing power supply does not 
increase proportionally. This is due to the fact that the increase in 
supply from there hi [mm] thickness section shear layer, the 
deformation of the layer decreases and F increases the forces behind 
the growth in supply. Therefore, cutting depth greater influence on 
strength than filing. 

Coefficients marked a correction factors influence of cultivated 
material are shown in Table 15. 

Weightings km in f Table 12. 

 

2.3.1. Cutting speed. 

Experimental studies to evaluate the impact of speed on power - 
Fc, N, Ff, N and Fp, N = f (Vc) for steel 45 are shown in Table 16. 
The results are illustrated in diagrams - Fig. 4.11.The influence of 
other material on cutting forces on Fc, Fp and Ff fig.4.12 shown in 
fig. 4.13 and fig.4.14. Tables 17.18 and 19, it is reported by 

Correction factor KmVcF, at the same depth values for shear layer 
for each of the forces Fc, Fp and Ff. 

Terms of experiment F = f (Vc) Table 13. 

  

 

 Fig.2.4. Diagram of F = f (Vc). 

Terms of experiment F = f (Vc) at Table 14 different materials. 

  

 

 

  

 

 

  

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 Fig.2.5. Diagram of Fcc = fVc) in different materials. 

  

Terms of experiment F = f (Vc) at Table 15 different materials. 

 

Материал 45 30ХГТ 40Х АСт3 СЧ20 CuAl10
CFc 3129 5259 3998 2086 1253 1222
Кm f Fc 1 1.68 1.28 0.67 0.40 0.39

CFp 1920 4318 3341 1704 1540 1216
Кm f Fp 1 2.25 1.74 0.89 0.80 0.63

CFf 2155 3832 3173 2699 2004 1390
Кm f Ff 1 1.78 1.47 1.25 0.93 0.65
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Fig.2.6. Diagram of Php = f (Vc) in different materials. 

Experimental conditions Ff = f (Vc) at Table 16 different 
materials. 

Fig.2.7. Graphic dependence of Ff = f (Vc) in different 
materials. 

Of all the elements of the system of cutting speed Vc has the 
least relative influence, but at the expense of relatively more 
complex as the theoretical formulation. 

By increasing the cutting speed of initially reduced due to 
increased F factual front corner of the emerging and growing 
bedding, then The deposit decreases.  This leads to a reduction of F. 
After a certain cutting speeds, however, by 30-60 m / min ratio 
friction and plastic deformation in the area of  chip formation grow, 
and thus forces also increase. In a further speed increase 
temperature in the cutting zone increases, the material becomes 
more plastic and cutting wedge is easier to implement, it follows 
that the forces decreased. This influence, however, observed only at 
45 and ASt3 steel, while other materials are unwilling to lodge 
anywhere in formation. 

Here the dominant influence of temperature in the entire 
interval of variation of the speed charts representing effects are 
decreasing. 

It is worth noting another trend whereby the influence of speed 
on the forces is most pronounced in Ff and less in Fp and especially 
Fc. This is due to significantly higher levels of change in working 
angles area vector containing the forces Fp and Ff, in comparison 
with that which lies in the Fc. 

Weightings reflecting the impact of cultivated material Km VcF 
are shown in Table 17 

Weightings km in Vc Table 17. 

2.4. Summary of Corrections coefficients. 

Coefficients, the eyes of the work piece material influence on 

the forming of the main cutting force derived at variable values of 
the elements of the mode of cutting tables 7.12 and 17 with 
sufficient accuracy can be summarized for each of the forces Fc 
Fffp and they become kind shown in Table 18. These values could 
be used directly in dynamic studies of similar mechanical properties 
physical-groups of materials. 

 Summary of correction factors Table 18 km. 

 

 

 

 

 

Constants and exponent, reflecting the influence of the elements 
of cutting regime - xF, yF, nF are obtained through logarithms  and 

Материал 45 30ХГТ 40Х АСт3 СЧ20 CuAl10
CFc 1375 2240 1977 1265 760 399

Кm Vc Fc 1 1.63 1.44 0.92 0.55 0.29

CFp 1965 3040 3341 1648 1413 1099
Кm Vc Fp 1 1.55 1.70 0.84 0.72 0.56

CFf 1579 3346 2645 1424 1172 1066
Кm Vc Ff 1 2.12 1.68 0.90 0.74 0.68

Материал 45 30ХГТ 40Х АСт3 СЧ20 CuAl10
Кm apFc 1.00 1.61 1.25 0.62 0.41 0.34

Кm f Fc 1.00 1.68 1.28 0.67 0.40 0.39
Кm Vc Fc 1.00 1.63 1.44 0.92 0.55 0.29
Km Fc 1.00 1.64 1.32 0.73 0.46 0.34

max.% 2.40 -8.12 -20.13 -17.64 -12.61

Кm ap Fp 1.00 2.18 1.68 0.80 0.79 0.70

Кm f Fp 1.00 2.25 1.74 0.89 0.80 0.63
Кm Vc Fp 1.00 1.55 1.70 0.84 0.72 0.56
Km Fp 1.00 1.99 1.71 0.84 0.77 0.63

max.% 28.69 1.73 -4.94 7.02 12.79

Кm ap Ff 1.00 1.72 1.49 1.05 0.92 0.82

Кm f Ff 1.00 1.78 1.47 1.25 0.93 0.65
Кm Vc Ff 1.00 2.12 1.68 0.90 0.74 0.68
Km Ff 1.00 1.87 1.55 1.07 0.86 0.71

max.% -11.70 -7.62 -14.82 -7.25 -12.92
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verify the functions reflecting the influence of each factor is 
approximated with speed a function of productive 

species: b
FxCy  . Values are given in Table 7. 

2.5. Comparative analysis of the results with both dynamo 
metric systems. 

Comparative analysis of the results was conducted by repeating 
the conditions for establishing the influence of cutting depth on the 
main constituting. Experiments of this type allow graphic - Fig. 
4.8.Analysis to compare the results collected during the two 
dynamo metric system as a whole to demonstrate the reliability of 
survey data. Cutting depth factor is selected as provide the greatest 
influence on the forces Fc, Fp and Ff. 

Errors - Table 20 does not exceed the permitted 15% and 
completely confirm prior expectations as expressed on nature 
dependencies and the levels of constant and exponent. 

19. Terms of experiment F = f (ap) in TOOL POST - 
dynamometer Table 19. 

 

 

Fig.2.8. Diagram of F = f (ap) in TOOL POST dynamometer. 
Comparative three-component analysis of the results - TOOL POST 
/ dynamometer Table 20. 

2.6. Reliability of results. 

Robustness of the results is demonstrated when comparing 
results for: 

 - Fc - the main constituent of the cutting force, 

   - Ff - axial force 

 - Fp - radial force 

Obtained through research and data published in the Directory of 
technology research in machining of steel 45. 

 For this purpose, the dependence is used: 

 
,%00.1

X

XX
Δ

0

0
x




     (2.7) 

Where: 

X - Value derived based on the expression proposed in [10]; 

Xo-value obtained with dynamometric system. 

Comparative analysis of the results Table 21. 

 

Reported differences are insignificant. Mainly observed at low 
values of the elements of the system of cutting, which is largely the 
process is uncertain. Overall, the results demonstrate the ability to 
conduct accurate research designed dynamo metric system. 

 

3. Conclusions. 

 

1. Were examined two statements loading systems? 

2. Dynamometer systems are calibrated. 

3. There were a series of experimental studies to evaluate the 
influence of the elements of the regime on cutting forces in the 
simulation work of floating cutter block. 

4. Correction factors are derived taking into account the influence 
of the type of material being processed. 

5. Drawn are constants, and stage performance in P to determine 
cutting forces. 

6. Through comparative analysis of the results demonstrated their 
confidence in both torque and systems against published data in 
the literature. 
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