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Abstract. Force modeling in metal cutting is important for various purposes, including thermal analysis, tool life 
estimation, chatter prediction, and tool condition monitoring. Numerous approaches have been proposed to model 
metal cutting forces with various degrees of success. In addition to the effect of work piece materials, cutting parame-
ters, and process configurations, cutting tool thermal properties can also contribute to the level of cutting forces. The 
process of orthogonal metal cutting is studied with the finite element method under plane strain conditions. A numer-
ical procedure has been developed for simulating orthogonal metal cutting using a general-purpose finite element 
method. The focus of the results presented in this work is on the effect of forces on the tool by variation of cutting pa-
rameters. The result is simulated with the analytical value for evolution of effective force for cutting material under 
various cutting condition. 
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1 Introduction 

Being the fundamental model for all cutting processes, 
modelling of the orthogonal cutting has been one of the 
most important problems for machining researchers for 
decades. Understanding the true mechanics and dynamics 
of the orthogonal cutting process would result in solution 
of major problems in machining such as parameter selec-
tion, accurate predictions of forces, stresses, and tempera-
ture distributions. In order to optimize machining pro-
cesses three-dimensional models are indispensable that 
are capable to simulate three-dimensional chip flow using 
one cutting edge. 

2 Literature Review 

Both analytical and numerical methods have been used 
in the literature to model orthogonal cutting processes. 
The first successful mathematical attempt for understand-
ing of the mechanics of orthogonal cutting is made by 
Merchant [1]. He studied the continuous type chips and 
formulated the deformation zone, i.e. the shear plane that 
is responsible for the formation of the chip by force equi-
librium and the minimum energy principle. Although his 
work has several important assumptions, it is still widely 
used to understand the basics of the cutting process. Later, 

many researchers [2–7] worked on the modeling of 
the orthogonal cutting. After some deceleration in the 
research on cutting process mechanics due to the 
developments in CNC and CAD/CAM technologies, 
the process research regained some momentum in 
recent years. Many predictive models have been pro-
posed by means of analytical, semi-analytical or 
completely numerical methods up to now. Semi-
analytical models, where some of the values are iden-
tified from the cutting tests, usually yield high predic-
tion accuracy, however they may not always provide 
insight about the process [8–10]. In addition, the cut-
ting tests can be time consuming depending on the 
number of variables and their ranges. Some analytical 
models may provide sufficient insight about the pro-
cess and the solution times are usually very short. 
They can be grouped in some categories such as 
Johnson Cook material model [13], the slip-line mod-
els [15–19], and thin and thick shear zone models 
[20–22]. There are also several studies where the 
friction in machining is investigated. However, there 
are still issues in modeling the rake contact zone 
which involves the friction between the tool and the 
work piece due to the complex nature of the chip-tool 
contact. The objective of this study is to propose an 
orthogonal cutting model that integrates the primary 
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and secondary deformation zones’ effects on the cutting 
process. In modeling of the primary shear zone the study 
of Dudzinski and Molinari [21] is used. The model uses a 
thermo-mechanical constitutive relationship which is 
transformed to a Johnson-Cook type material model in 
this study. The shear plane is modeled having a constant 
thickness. In their later model, they modelled the friction 
on the rake face as a temperature dependent value. How-
ever, they just considered sliding contact conditions 
which may be valid for very high cutting speeds. 

On the other hand, numerical models, such as FEM, 
[11–14] could provide much more detailed information 
about the process, such as temperature and pressure dis-
tribution on the rake face, however their accuracy is ques-
tionable and the solution times can be very long. A three-
dimensional FEM model was developed by Fang and 
Zeng [26] based on coupled thermo-elastic-plastic materi-
al flow. The model utilized a rigid tool and hence unable 
to simulate stresses inside the cutting tool. Cutting forces 
were measured at different inclination angles of the tool. 
The model was however, not validated experimentally. 
Zou et al. [27] made a new Orthogonal cutting model by 
using an upper bound approach. They introduced two new 
variables based on process kinematics that replaces chip 
flow angle and coefficient of friction in the traditional 
scheme. The chip flow angles predicted from the new 
model were found to be comparable with the experimental 
results. In numerical modeling methods, both finite dif-
ference methods (FDM) and finite element methods 
(FEM) have been used to model orthogonal cutting pro-
cesses. An FDM model to predict temperature fields in 
orthogonal cutting was developed by Lazoglu and Islam 
[28]. The proposed a new method based on elliptical 
structural grid generation and the computational expense 
was found to be much less as compared to the conven-
tional FE models. The temperature predictions were found 
to be in good agreement with the experimental data using 
the proposed finite difference method. Li and shih [29] 
developed a 3D finite element model (FEM) using Ad-
vantEdge to simulate orthogonal turning of titanium. The 
model can predict cutting forces, temperature at the tool-
chip interface and chip thickness and the effect of various 
process parameters and cutting geometries can be investi-
gated. In addition to continuous chip formation, serrated 
chips were also modeled. All the results are found to be in 
close agreement with the experimental observations. In 
addition to traditional Lagrangian scheme, Arbitrary La-
grangian Eulerian (ALE) method was also employed by 
researchers to model orthogonal cutting processes. An 
ALE model for orthogonal cutting of AISI 4340 with 
cemented carbide tools was developed by Llanos et al. 
[30]. Chip flow angles and cutting forces were predicted 
with different cutting parameters and tool geometries. 
Overall a good correlation was found with the experi-
mental findings. The outputs of the proposed model are 
the cutting forces, the stress distributions on the rake face. 
Although the model is still under development, the final 
aim of the model is to develop a cutting process model 
which needs minimum amount of calibration tests. The 
friction and material constants can be obtained from or-

thogonal cutting tests. After the calibration, the model 
can be applied for all machining operations using the 
same tool and work piece material. 

This study aims to model orthogonal cutting pro-
cess in shaping operations for AISI 1020 steel. Unlike 
ALE models which are computationally expensive, 
the developed model uses a Lagrangian approach 
technique. The model is able to predict initial chip 
formation, chip growth and steady state chip for-
mation and does not need any prior assumption re-
garding the chip flow. The accuracy of the model is 
verified by comparing depth of cut, feed and radial 
forces with the analytical data. In addition tool per-
formance and surface integrity of the work piece is 
analyzed using stress distribution in the work piece 
and the cutting tool. 

3 Research Methodology 

3.1 Johnson–Cook material model 

The flow stress models that describe the work material 
behaviour as a function of temperature, strain and strain 
rate are considered highly necessary to represent work 
material constitutive behaviour under high-speed cutting 
conditions for work materials. Unfortunately sound theo-
retical models based on atomic level material behaviour 
are far from being materialized as reported by Jaspers and 
Dautzenberg [9]. Therefore, semi empirical constitutive 
models are widely utilized. Among such models, the 
constitutive model proposed by Johnson and Cook [13] 
describes the flow stress of a material with the product of 
strain, strain rate, and temperature effects that are indi-
vidually determined as given in the following equation: 

 

 (1) 

 

In the Johnson-Cook (JC) constitutive model, the pa-
rameter A is the initial yield strength of the material at 
room temperature and a strain rate of 1 s−1 and   repre-
sents the plastic equivalent strain. The equivalent plastic 

strain rate  is normalized with a reference strain rate 

. The temperature term in the JC model reduces the 
flow stress to zero at the melting temperature of the work 
material, Tm leaving the constitutive model with no tem-
perature effect. In general, the constants A, B, C, n, and m 

of the model are fitted to the data obtained by several 
material tests conducted at low strains and strain rates and 
at room temperature as well as the split Hopkinson pres-
sure bar (SHPB) tests at strain rates up to 104 s−1 and at 
temperatures up to 600 °C [8, 9]. 

The JC model provides a good fit for strain-hardening 
behavior of metals and it is numerically robust and can 
easily be used in FEM simulation models [13]. Zerilli and 
Armstrong (ZA) derived an alternative constitutive model 
for metals with a crystal structure distinction by using 
dislocation-mechanics theory [14]. 
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The orthogonal cutting tests results for AISI 1020 are 
adopted from Oxley [6] that are performed for 0.2 % car-
bon steel. The cutting conditions are given in Table 1. The 
flow stress data of SHPB tests adopted from Jasper and 
Dautzenberg [18] is combined with the flow stress deter-
mined under the orthogonal cutting conditions. The con-
stants of the JC material model for work flow stress are 
computed as A = 333, B = 737, C = 0.008, n = 0.15, and 
m = 1.46 for the extended ranges of strain (0.051–1.070), 
strain-rate (1–17 766 s−1) and temperature (20–721 °C). 

Those constants are found in close agreements with 
the ones determined by Jasper and Dautzenberg [9], 
as given in Table 1, indicating the success of the pro-
posed methodology. 

The details of the computed process variables in the 
primary and secondary deformation zones are given in 
Table 2. The parameters of the tool-chip interface friction 
model are also computed by using the methodology pro-
posed in this study as shown in Table 1. 

Table 1 – Material constants for the Johnson-Cook model obtained from SHPB tests [9] 

Material Reference 
Tm,  
°C 

A,  
MPa 

B,  
MPa 

c n M 

AISI 1045 [9] 1 460 553.1 600.8 0.0134 0.234 1.00 
AISI 1020  [9] 1 525 333.0 737.0 0.0080 0.150 1.46 
AL 6082 T-6 [9] 582 428.5 327.7 0.0075 1.008 1.31 
Ti6Al4V [17] 1 630 862.5 331.2 0.0120 0.340 0.80 
Ti6Al4V [16] 1 630 782.7 498.4 0.0280 0.280 1.00 

Table 2 – Orthogonal test mild steel [9] 

V,  
m/min 

t1,  
mm 

t2,  
mm 

TAB,  
s 

Tint,  
s 

Kchip AB


 AB
&

 int
 int&

 
ĲAB,  

N/mm2 
100 0.125 0.4 428 627 223.8 1.07 5 488 1.55 1.50 558.5 
200 0.125 0.3 474 681 128.6 0.87 16 488 1.28 5.35 648.6 
100 0.250 0.6 447 701 214.9 0.87 17 766 1.28 10.70 579.5 
200 0.250 0.7 467 662 193.6 0.97 5 861 1.42 0.98 579.3 
100 0.500 1.1 494 721 206.6 0.82 10 632 1.21 3.18 624.4 
200 0.500 1.2 450 674 211.9 0.78 12 653 1.14 7.70 614.0 
100 1.000 2.3 458 649 192.9 0.82 3 399 1.21 0.79 634.0 
200 1.000 2.4 453 635 191.3 0.73 4 814 1.07 2.37 647.0 

 

3.2 The primary shear zone model 

The plastic deformation is assumed to take place only 
at the shear plane, and with plane strain conditions. Also 
the shear plane is modeled as a thin plane but having a 
thickness of 0.025 mm. Moreover, the shear stress distri-
bution at the outer boundary of the shear plane is assumed 
to be uniform. With the assistance of the equations of 
conversation of momentum and energy, and the constitu-
tive law, Dudzinski and Molinari [21] proposed to solve a 
compatibility condition with an iterative procedure in 
order to calculate the shear stress at the entry of the shear 
plane, Ĳ0. Moreover again from the equations of motion 
for a steady state solution and continuous type chip. The 
shear stress at the exit of the shear plane is calculated as 
presented in works [21, 22]. 

3.3 Oxley’s analysis of machining 

A simplified illustration of the plastic deformation for 
the formation of a continuous chip when machining a 
ductile material is given in Figure 1. There are two de-
formation zones in this simplified model a primary zone 
and a secondary zone. It is commonly recognized that the 
primary plastic deformation takes place in a finite-sized 
shear zone. The work material begins to deform when it 
enters the primary zone from lower boundary CD, and it 
continues to deform as until it passes the upper boundary 
EF. Oxley et al. [6] assumed that the primary zone is a 
parallel-sided shear zone. 

 

Figure 1 – Forces acting on the shear plane and the tool with 
resultant stress distribution on tool rake surface [6] 

There is also a secondary deformation zone adja-
cent to the tool chip interface that is caused by the 
intense contact pressure and frictional force. After 
exiting from the primary deformation zone, some 
material experiences further plastic deformation in the 
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secondary deformation zone. Using the quick-stop meth-
od to experimentally measure the flow field, Oxley [6] 
proposed a slip-line field similar to the one shown in Fig-
ure 1. Initially, Oxley and co-authors assumed that the 
secondary zone is a constant thickness shear zone. In this 
study, we assume that the secondary deformation zone is 
triangular shape and the maximum thickness is propor-
tional to the chip thickness. 

3.4 Numerical experiment finite element 

modelling of shaper tool 

Numerical simulations with FEA were performed us-
ing the ABAQUS FE modeling software Advantage. Fea-
tures to model machining processes in the software in-
clude adaptive remeshing capabilities for resolution of 
multiple length scales; multiple body deformable contact 
for tool–work interface, and transient thermal analysis. 
The material properties model contains deformation hard-
ening, thermal softening and rate sensitivity associated 
with a transient heat conduction analysis for finite defor-
mations. A constant coefficient of friction 0.2 is assumed 
in the simulations. The numerical simulations were per-
formed with the commercial code ABAQUS/Explicit. The 
tool geometry and the cutting conditions are listed in Ta-
ble 1. Two minor differences are: element layer of 2 µm 
in the lagrangian mesh acting as an interface between the 
upper part of the work piece (which will be cut forming 

the chip) and the lower part of the work piece (which 
will be the machined surface) to minimize the losses 
of material due to erosion and allow separation as-
suming a von Mises type yield criterion and an iso-
tropic strain hardening rule for the work piece materi-
al, the yield stress ıy is given by the Johnson-Cook 
equation. 

The tool was assumed to behave as an elastic solid. 
Table 4 shows the detail properties of the work piece. 
Table 5 shows the mechanical parameters and Table 6 
the thermal parameters of both material models. An 
element deletion criterion based on a critical value of 
the equivalent plastic strain was considered in the 
lagrangian mesh for the work piece material. This 
serves to erode the thin layer keeping the material at 
the chip. Previous work showed small influence of 
this criterion in cutting forces and temperature distri-
bution, when critical value ranged from equivalent 
plastic strain 0.5 to 3.5. No distortion was observed in 
the mesh with this criterion. 

An initial temperature of 293 K was fixed for both 
solids. Although friction phenomena produce an in-
tense heating at the tool-chip interface, friction .3 was 
considered as a first approximation to the problem. 
Numerical model was used to analyze influence of 
several parameters in model results (cutting forces 
and chip formation mainly). 

Table 3 – The cutting condition and tool geometry used in Lagrangian approach 

Clearance  
angle 

Rake  
angle 

Velocity,  
m/min 

Depth of cut,  
mm 

Cutting  
environment 

0.5 0.10 100 0.5; 1.0 Dry 

Table 4 – Workpiece properties of 1020 low carbon steel (mild steel) 

Minimum properties Ultimate tensile strength, Psi 87 000 
Yield strength, Psi 72 000 
Elongation 10 % 
Rockwell hardness B89 

Chemical composition Iron (Fe) 99.08–99.53 % 
Manganese (Mn) 0.3–0.6 % 
Carbon (C) 0.18–0.23 % 
Phosphorus (P) 0.04 % max 
Sulphur (S) 0.05 % max 

Table 5 – Mechanical parameters of the workpiece and tool material models 

Material 
ρ,  

kg/m3 
E,  

GPa 
υ A,  

MPa 
B,  

MPa 
n c ε m Β 

WP:AISI1020 mild steel 7 833 210 0.30 333 737 0.15 0.0080 1 1.46 0.9 
Tool: CNMG 120404 (carbide tip) 14 500 450 0.19 896 656 0.50 0.0128 – 0.80 – 

Table 6 – Thermal parameter of the work piece and tool 

Material 
Specific heat,  

J/(kg·K) 
Thermal conductivity,  

W/(m·K) 
WP:AISI1020 mild steel  586 52.0 
Tool: CNMG 120404 (carbide tip) 234 33.5 
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4 Results and Discussion 

4.1 Numerical simulation results 

Analytical approach to calculate cutting force, feed 
force and stress generation on the tool and work piece was 
calculated from taking the value from Tables 2–3. The 
analytical calculation was considered for 100 m/s. For this 
velocity the different data were taken from previously 
conducting experiment that is Table 2 [9]. The chip thick-

ness ratio and shear stress generated on the work 
piece were used to calculate shear angle, co-efficient 
of friction and cutting force generated on the work 
piece. Similarly Tables 1–2 used together to find out 
the stress generated on the chip during orthogonal 
cutting operation. The various models like Johnson-
Cook material model, Oxley’s analysis of machining 
were used to find out the cutting force, feed force and 
stress generated in cutting process. 

 

Table 7 – Analytical results 
Depth  
of cut,  
mm 

Clearance  
angle 

Rake  
angle 

Cutting forces and flow stress 

Fs Fc Ft AB
 , MPa 

0.5 
0 

0 195.1 299.8 55.01 

704.7 
10 285.9 382.0 196.63 

5 
0 195.1 299.8 55.01 
10 285.9 382.0 196.63 

1.0 
0 

0 416.1 659.8 175.55 

755.1 
10 483.7 552.4 202.80 

5 
0 416.1 659.8 175.55 
10 483.7 552.4 202.80 

 

In all the above cases depth of cut, clearance angle and 
rake angle are very according to requirement. When depth 
of cut increases cutting force and feed force value all so 
increases.  The result of the cutting force and feed force 
directly depend upon the depth of cut and rake angle. The 
Johnson–Cook material model, primary shear zone model, 
Oxley’s machining model, and analytical model were 
used to find out the result by using analytical equation. 
The clearance angle has no effect on calculating cutting 
forces. Its value remains same for same depth of cut and 
rake angle for whatever the clearance angle. The stress 
generated on tool chip interference remains same for indi-
vidual depth of cut. The clearance and rake angle has no 
effect on the calculation of Stress generation. The result-
ant stress calculation was derived from Johnson–Cook 
material model equation and material parameters. 

Finite element validation of cutting force, feed force 
and stress in machining of the AISI 1020 steel was ad-
dressed in present work. The finite element analysis is 
done by ABAQUS mechanical explicitly software. A 
work piece block was prepared with a dimension of 
(50×4×15) mm3. The material properties assignment was 
given from Johnson-Cook material model. A solid homo-
geneous section was assigned to the model. The proper 
meshing was done over the work piece model to evaluate 
good result. The meshing is here up to 12 000 elements. 
The fix boundary condition was given to the model except 
the cutting zone. The same process maintained for the tool 
also. 

The material properties for the tool were calculated 
from Johnson–Cook material model. Material section and 
meshing was also given to the tool model. In boundary 
condition tool movement direction was given, velocity 
100 m/s was maintained. 

The different depth of cut maintained with different 
rake and clearance angle in this analysis. Detail analysis 
described below with graphical result. 

For depth of cut 0.5 mm, 0° clearance angle and 0° 
rake angle, the maximum cutting force was found as 
365 N at the starting point of the tool in X direction 
and minimum force was 302 N at the end point of the 
tool. The maximum feed force in this analysis was 
105 N at the starting point of the tool in Y direction 
and minimum feed force was 38 N at the end point of 
the tool in the same direction. The maximum stress 
generated in this analysis was 8.5·108 Pa and mini-
mum stress was 6.2·108 Pa. The result of this analysis 
was given in Figures 3–6 in terms of graphical view. 

 

 
Figure 2 – Showing boundary conditions  

of tool and workpiece 
 

For depth of cut 1.0 mm, 0° clearance angle and 
10° rake angle, the maximum cutting force was found 
as 580 N at the starting point of the tool in X direction 
and minimum force was 524 N at the end point of the 
tool. The maximum feed force in this analysis was 
238 N at the starting point of the tool in Y direction 
and minimum feed force was 176 N at the end point 
of the tool in the same direction. The maximum stress 
generated in this analysis was 8.1·108 Pa and mini-
mum stress was 6.8·108 Pa. The result of this analysis 
was given in Figures 7–10 in terms of graphical view. 

The above process of finite element experiment 
was conducted for two different depths of cut 0.5 and 
1.0 mm, two different rake angles 0° and 10° and two 
different clearance angles 0° and 5°. Likewise 8 ex-
periments have been carried out to find out the result. 
The result table is given in Table 8. 
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Figure 3 – Showing tool movement over work piece from start to end point  
for depth of cut 0.5 mm, 0° clearance angle and 0° rake angle 

 

Figure 4 – Showing cutting force generated in X direction for  
depth of cut 0.5mm, 0° clearance angle and 0° rake angle 

 

Figure 5 – Showing feed force generated in Y direction for  
depth of cut 0.5mm, 0° clearance angle and 0° rake angle 

 

Figure 6 – Showing von Mises stress generated along chip flow direction  
for depth of cut 0.5mm, 0° clearance angle and 0° rake angle 
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Figure 7 – Showing tool movement over work piece from start to end point  
for depth of cut 1.0 mm, 0° clearance angle and 10° rake angle 

 

Figure 8 – Showing cutting force generated in X direction for  
depth of cut 1.0 mm, 0° clearance angle and 10° rake angle 

 

Figure 9 – Showing feed force generated in Y direction for  
depth of cut 1.0 mm, 0° clearance angle and 10° rake angle 

 

Figure 10 – Showing von Mises stress generated along chip flow direction  
for depth of cut 1.0 mm, 0° clearance angle and 10° rake angle 
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Table 8 – Finite element analysis result 

Depth  
of cut,  
mm 

Clearance  
angle 

Rake  
angle 

Cutting  
force  
Fc, N 

Feed  
force  
Ft, N 

Stress ıAB,  
108 Pa 

max min max min max min 

0.5 
0 

0 365 302 105 38 8.50 6.20 
10 450 382 238 170 8.20 6.50 

5 
0 318 279 85 38 8.40 4.50 
10 423 365 225 175 8.30 4.80 

1.0 
0 

0 691 622 200 152 8.53 6.32 
10 580 524 238 176 8.10 6.80 

5 
0 715 635 239 179 8.32 6.82 
10 614 539 220 175 8.51 4.90 

 

4.2 Comparison of the results 

In this paragraph, a comparison between analytical re-
sults using the model reported in Table 8 and FE simula-
tion presented in Table 9.The detail result was given be-
low. 

In this comparision the analytical rasult and the finite 
element result were not equal in any perticular point. The 
value of cutting force and feed force were maximum at 
the tool point or edge. The value were gradually decreases 
to wards the end point of the tool. 

Stress generation on tool chip interference very 
with in the range of (5.0–8.5)·108 Pa. From the graph 
it was clear that numerical approach (FEM) result for 
cutting force, feed force and stress generated on the 
tool chip interference is more than the analytical 
result. There was a varition of 20–100 N on feed 
force and cutting force by comparision of both the 
process. Stress generated on chip flow direction also 
very from point to point. By taking the maximum 
resultant case on each observation it was found that a 
diifference of (0.5–1.0)·108 Pa between both the 
process. 

Table 9 – Comparisons between analytical result and finite element result 

Depth  
of cut,  
mm 

Clearance  
angle 

Rake  
angle 

Analytical result 
Finite element analysis 

result 
Fc,  
N 

Ft,  
N 

ıAB,  
108 Pa 

Fc1,  
N 

Ft1,  
N 

ıAB1,  
108 Pa 

0.5 
0 

0 299.8 55.01 7.04 365 105 8.50 
10 382.3 196.63 7.04 450 238 8.20 

5 
0 299.8 55.01 7.04 318 85 8.40 
10 382.0 196.63 7.04 423 225 8.30 

1.0 
0 

0 659.8 175.55 7.55 691 208 8.53 
10 552.4 202.80 7.55 580 238 8.10 

5 
0 659.8 175.55 7.55 715 239 8.32 
10 552.4 202.80 7.55 614 220 8.51 

 
Reasons for significant difference in analytical and 

FEM model results: 
1. Material parameters. 
The material properties which are used to calculate 

analytical result for AISI 1020 steel is different from 
Johnson-Cook model material parameters. In FEM 
Johnson-Cook parameters with material properties are 
used to validate the FE experiment. These parameters are 
considered from previous experiment data. These are 
depend upon material flow rate, melting temperatue of 
material, properties of body and working condition. 

2. Adiabatic heating. 
Heat generated in the metal cutting can have a 

significant effect in the difference between the model 
result. The heat generation also directly affect the result of 
cutting forces and stress generation. The heat generation 
mechanism are the plastic work done in the primary and 

secondary shear zone and the sliding friction along 
the tool chip interference. In metal cutting process 
heat generated in the work piece and chip does not 
have sufficient time to diffuse away. Therefore 
temperature rise in work piece and chip is mainly due 
to localized adiabatic heating. Due to this reason also 
there is a significant difference between both the 
models. 

3. Separation criterion. 
This criterion states that chip separation occur 

when the stress along the cutting path reach a critical 
combination at a specified distance in front of the tool 
tip. To implement this criterion in ABAQUS the 
cutting path in work piece is defined by contact 
surface. Paired finite element nodes on the contact 
surface are initially in the perfect bond. When the 
chip separation criterion is met at the specified 
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distance in front of the tool tip, the pair of finite elements 
above and below the contact surface immediately before 
the tool tip will separate thus this process also partially 
affect the difference between the model results. 

4. Friction generation. 
Friction plays a very important role in metal cutting. It 

not only determine the power requirement for removing a 
given volume of metal but also controls the surface 
quality of the finish product and the rate of wear of 
cutting tool. Friction is also difficult to model in the metal 
cutting. In analytical model friction is solely depends 
upon the frictional angle ‘β’ and frictional angle depend 
upon chip thickness ratio. Chip thickness ratio already 
determined from experimental data. For a particular 
cutting, a frictional angle is fixed. So for a particular 
operation a particular result is developed. The friction is 
depend upon the rake angle and clearance angle which are 
used in the operation. So the resultant forces and stress 
generation inanalytical process solely depend upon the 
friction coefficient, rake angle and clearance angle which 
are used in the analytical model equation to find out the 
result. On the other hand in FEM simulation by ABAQUS 
friction is taken as a constant from 0.2–0.9 which is vary 

from material to material. In this case I have used 
frictional constant as 0.3. During material cutting 
operation basically friction changes time to time due 
to material behaviour in cutting zone. Therefore 
frictional constant also affect the cutting forces for 
finding out the result. 

5 Conclusions 

The proposed finite element model can be used quite 
satisfactorily to predict cutting forces, Stresses and chip 
morphology to a reasonable degree of accuracy. 

Rake angle effect in orthogonal cutting can be simulat-
ed using the developed FEM model. 

Depth of cut has the largest effect on the cutting forc-
es, whereas clearance angle has no significance influence 
in cutting process. 

The stress and force field predicted by the FE model 
are in accordance with the experimental findings and 
theoretical knowledge.  

Chip flow can easily be predicted by observing the di-
rect stress contour at the rake face of the tool. 
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ɋɤіɧɱɟɧɧɨɟɥɟɦɟɧɬɧɢɣ ɚɧɚɥіɡ ɨɪɬɨɝɨɧɚɥьɧɢɯ ɫɢɥ ɪіɡɚɧɧɹ ɩɪɢ ɨɛɪɨɛɰі ɫɬɚɥі AISI 1020  
ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɬɜɟɪɞɨɫɩɥɚɜɧɨɝɨ ɪіɡɚɥьɧɨɝɨ іɧɫɬɪɭɦɟɧɬɭ 

Ȼɚɲɢɫɬɚɤɭɦɚɪ Ɇ.1, ɉɭɲɤɚɥ Ȼ.2 

1 ɇɚɰɿɨɧɚɥьɧɢɣ ɬɟɯɧɨɥɨɝɿɱɧɢɣ ɿɧɫɬɢɬɭɬ ɿɦ. Ȼ. Ɋ. Ⱥɦɛɟɞɤɚɪɚ, Ƚɪɚɧɞ Тɪɚɧɤ ɪɨɭɞ, 144011, ɦ. ɉɟɧɞɠɚɛ, Іɧɞɿɹ;  
2 Тɟɯɧɨɥɨɝɿɱɧɢɣ ɤɨɥɟɞɠ ɿɦ. Ʌ. ɇɚɪɚɹɧɚ, Ɋɚɣɡɟɧ ɪɨɭɞ, 62021, ɦ. Ɇɚɧɞɯ’ɹ ɉɚɪɚɞɟɲ, Іɧɞɿɹ 

Аɧɨɬɚɰіɹ. Ɇɨɞɟɥɸɜɚɧɧɹ ɫɢɥ ɪɿɡɚɧɧɿ ɦɟɬɚɥɭ ɦɚє ɜɚɠɥɢɜɟ ɡɧɚɱɟɧɧɹ ɞɥɹ ɪɿɡɧɢɯ ɰɿɥɟɣ, ɜɤɥɸɱɚɸɱɢ ɬɟɪɦɿɱɧɢɣ 
ɚɧɚɥɿɡ, ɨɰɿɧɤɭ ɪɟɫɭɪɫɭ ɿɧɫɬɪɭɦɟɧɬɭ, ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɪɟɫɭɪɫɭ ɿ ɦɨɧɿɬɨɪɢɧɝ ɫɬɚɧɭ ɿɧɫɬɪɭɦɟɧɬɭ. Зɚɩɪɨɩɨɧɨɜɚɧɨ 
ɱɢɫɥɨɜɿ ɦɟɬɨɞɢ ɦɨɞɟɥɸɜɚɧɧɹ ɫɢɥ ɪɿɡɚɧɧɹ ɦɟɬɚɥɟɜɢɯ ɡɚɝɨɬɨɜɨɤ. Ⱦɨɞɚɬɤɨɜɨ ɜɫɬɚɧɨɜɥɟɧɿ ɩɚɪɚɦɟɬɪɢ ɩɪɨɰɟɫɭ 
ɪɿɡɚɧɧɹ ɞɟɬɚɥɟɣ, ɳɨ ɨɛɪɨɛɥɹɸɬьɫɹ, ɬɟɩɥɨɜɿ ɜɥɚɫɬɢɜɨɫɬɿ ɪɿɡɚɥьɧɨɝɨ ɿɧɫɬɪɭɦɟɧɬɭ. ɉɪɨɰɟɫ ɨɪɬɨɝɨɧɚɥьɧɨɝɨ 
ɪɿɡɚɧɧɹ ɦɟɬɚɥɭ ɞɨɫɥɿɞɠɭєɬьɫɹ ɦɟɬɨɞɨɦ ɫɤɿɧɱɟɧɧɢɯ ɟɥɟɦɟɧɬɿɜ ɡɚ ɭɦɨɜ ɩɥɨɫɤɨʀ ɞɟɮɨɪɦɚɰɿʀ. Ɋɨɡɪɨɛɥɟɧɚ ɱɢɫɥɨɜɚ 
ɩɪɨɰɟɞɭɪɚ, ɳɨ ɪɟɚɥɿɡɭє ɦɟɬɨɞ ɫɤɿɧɱɟɧɧɢɯ ɟɥɟɦɟɧɬɿɜ ɞɥɹ ɦɨɞɟɥɸɜɚɧɧɹ ɨɪɬɨɝɨɧɚɥьɧɨɝɨ ɪɿɡɚɧɧɹ ɫɬɚɥɟɣ 
ɡɚɝɚɥьɧɨɝɨ ɩɪɢɡɧɚɱɟɧɧɹ. Ɉɫɧɨɜɧɚ ɭɜɚɝɚ ɩɪɢɞɿɥɟɧɚ ɪɟɡɭɥьɬɚɬɚɦ ɳɨɞɨ ɜɩɥɢɜɭ ɫɢɥ ɪɿɡɚɧɧɹ ɧɚ ɿɧɫɬɪɭɦɟɧɬ ɩɪɢ 
ɡɦɿɧɿ ɩɚɪɚɦɟɬɪɿɜ ɪɿɡɚɧɧɹ. Ɋɟɡɭɥьɬɚɬɢ ɜɢɡɧɚɱɚɸɬьɫɹ ɹɤ ɚɧɚɥɿɬɢɱɧɨ ɬɚɤ ɿ ɱɢɫɥɨɜɢɦɢ ɦɟɬɨɞɚɦɢ ɞɥɹ ɡɚɞɚɧɨʀ ɫɢɥɢ 
ɪɿɡɚɧɧɹ ɦɚɬɟɪɿɚɥɭ ɡ ɪɿɡɧɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɪɨɰɟɫɭ. 

Ʉɥɸɱɨɜі ɫɥɨɜɚ: ɫɬɚɥь AISI 1020, ɮɨɪɦɭɜɚɧɧɹ, ɚɧɚɥɿɬɢɱɧɚ ɦɨɞɟɥь, ɫɤɿɧɱɟɧɧɨɟɥɟɦɟɧɬɧɚ ɦɨɞɟɥь, ɨɪɬɨɝɨɧɚɥьɧɟ 
ɪɿɡɚɧɧɹ. 
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