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Abstract: This paper presents simulation of cutting process by turning of polyamide PA 66, the simulation 
based on approach Arbitrary Lagrangian Eulerian, ALE. Was taken into account a tool knife CNMA from 
Coromant. The flow stress of the workpiece is modeled as function of strain, strain rate and temperature, so 
as to reflect its dynamic changes in physical properties. In this way, the influences of depth of cut, feed rate 
and cutting velocity on the force cutting are analyzed by FE simulation. 
 
1. Introduction 
The phenomenon of chip formation is essential in the cutting process. This represents the 
basis for researches regarding such physical phenomena as: the cutting force, the 
temperature, the tool’s wear etc. 
According to a study made by CIRP Working Group on Modelling of Machining Operations 
between 1996 and 1997 [1], among 55 modelling research centres, 43%   work with 
empirical modelling, 32% with analytical modelling and 18% with numerical modelling, and 
the finite element modelling techniques are the dominant tools. In the past few years, the 
applications of the finite element in metal cutting developed very much due to their 
advantages and to the progress of powerful computers [2, 3]. 
The method of the finite element was used to simulate the cutting process by Klamecki [4], 
Okushima [5] and Tay and others [6] since the beginning of the 70’s. Along with the 
development of fast processors with high memory, the limits of the model and the 
processing difficulties have been somehow overcome. In addition, many programmes 
simulating chip formation with the help of the finite element have appeared, such as: 
NIKE2TM [7], ABAQUS/StandardTM [8], MARCTM [9], DEFORM 2DTM [10], [11], FORGETM 
[12], [13], ALGORTM, FLUENTTM, ABAQUS/ExplicitTM [14] and LS DYNATM [15]. 
Great progress was achieved in this field of research: the Lagrangian approach is used to 
simulate the cutting process, the incipient stage of chip formation  is included [16], the 
segmental chip formation is modelled in order to simulate the cutting process at high 
speed [17, 18, 19] or at high negative values of the angle of departure [20], the 3D 
simulation is made in order to analyse the oblique cut [21], [4], [22], [23], etc. 
The main types of cutting processes simulated are: lathing [24], milling [25], drilling [20]. 
The orthogonal cut is the most frequent simulated cutting process [26]. 
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Fig.1 Research trends in finite element modelling [26] 

 
2. Numerical aspects regarding material simulation 
The implementation of simulating the cutting process is based on numerical and technical 
theory. Their development helps the improvement of the simulation capacity. 
For the numerical simulation there are several methods: Lagrangian, Eulerian and 
Arbitrary Langrangian Eulerian (ALE). 
In the Eulerian method, the mesh, as well as the flux of material, are fixed. The Eulerian 
method is adequate to analyse the state of equilibrium of the cutting process, without 
including the action of moving from the equilibrium state to the cutting process state, by 
varying the cutting depth at lathing or the segmental chips at high speed cutting the free 
surface conditions cannot be simulated. The analysis of the cutting process using the 
Eulerian method takes less time to calculate because the model of the semi-product (the 
working part) is made of fewer elements. This is the reason why before 1995 the 
applications of the Eulerian method in the analysis of chip formation overtook those of the 
Lagrangian method. But experimental activity is most of the time needed in order to 
determine the geometry of the chip and the shearing angle, which are an inevitable part of 
geometrical modelling.    
In the model proposed by the Lagrangian method, the mesh follows the material. Since the 
deformation of the free surface of the chip can be treated automatical as an elastic-plastic 
deformation, the Lagrangian method can be used to simulate the action of moving from the 
initial state to the cutting process state. But, in order to expand the cutting period to the 
state of equilibrium we need more time to model the part geometrically, this modelling 
increases the time to calculate. In order to divide the chip we have to take into 
consideration the criteria and method of dividing the chip. 
The ALE method combines the characteristics of both the Lagrangian and the Eulerian 
methods, the mesh can move independent of the material. The improvement of the quality 
of the mesh is an efficient tool in the analysis of high deformations. Many FE programmes 
introduce ALE methods to adjust the mesh based on its adaptability. 
The adaptive technique of discretization in ABAQUS/Explicit is part of the ALE method. 
This can be used to analyse both Lagrangian and Eulerian problems. Through the 
adequate control of the mesh parameters, the entire process, from the initial to the 
equilibrium state, can be simulated without using the criterion of dividing the chip or other 

ANNALS of the ORADEA UNIVERSITY. 
Fascicle of Management and Technological Engineering, Volume IX (XIX), 2010, NR3 

 3.104 



data about the geometry of the chip obtained through experiments. This is why the time to 
calculate is not high. 
The precision of the finite element analysis depends very much on the accuracy of the 
mechanical properties of the material.  

 
Fig.2 The curve of  the properties of PA 66 material  

 
The influence of the properties of the material on the factors 
Experiments have shown that the properties of the material, the relation stress-
deformation, are affected by the rate of deformation and the temperature during the plastic 
deformation process of materials. For the same value of deformation, the stress is higher 
at a higher deformation rate due to the viscous aspect during the plastic deformation at 
lower and higher temperatures, and to the softening of materials, as presented in fig. 2.  
This over-pressure due to the effect of the deformation rate is more accentuated with the 
increase of temperature [27]. During the cutting process of metals, the temperature, the 
deformation and the rate of deformation are very high. The thermo-viscous-plastic model 
of the material is needed for the finite element analysis at metal cutting. 
 
3. Simulating the work of PA 66 polyamide by lathing 
In order to describe the material, some models are specified in the technical literature, 
among which: Hollomon, Ludwik, Bergström, Johnson – Cook, Zerrili-Armstrong, 
Poulachon, Cowper – Symond, Huh and Kang and others. A part of these models 
resemble and most of them contain the deformation, the deformation rate and the 
temperature.  
In this case the material was defined following Johnson – Cook model, equation 1: 
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where: 
- A, B, C, m, n – coefficients that define the material; 
- T – temperature [0C]; 
- T0 – reference temperature [0C]; 
- Tm – flowing temperature [0C]; 
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- ε – deformation [mm]; 
- ε&  - deformation rate [s-1] 

Generally speaking, at all defining models 0,2A σ= . 
Based on this material simulation was made under the following conditions:  lathe plate 
CNMG 08 12 04 (K15), side cutting edge angle 100, back rake angle (inclination angle) -50, 
side rake angle (normal rake angle) -50, working feed f = 0.1 and 0.4 rot/min, cutting depth 
ap = 0.5 and 2 and cutting speed v = 58.875 and 235.5 m/min. 
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Fig. 3 The cutting force Fz - ap = 0,5 mm, f = 0,1 mm/rev, v = 58,875 m/min 

 
Figures 3 and 4 present both the influence of the parameters of the cutting regime on the 
force of cut, Fz, and the comparison of the results obtained after simulation with the 
experimental results [MOT 10]. 
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Fig. 4 The cutting force Fz - ap = 2 mm, f = 0,4 mm/rev, v = 235 m/min 
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4. Conclusion 
We notice that between the results obtained based on simulation and the experimental 
results, there is a slight difference, but, since this difference is under 10% we may consider 
that they can be used as such. Based on these results and since simulation is far less 
expensive than experimental research, we can consider the fact that we can use the finite 
element method in the case of plastic materials, as well as in the case of metallic 
materials, in order to determine some parameters of the cutting process, no matter what 
type.  
 
References 
[1] van Luttervelt, C.A., Childs, T.H.C., Jawahir, I.S., Klocke, F., Venuvinod, P.K., Keynote papers: present 
situation and future trends in modeling of machining operations progress report of the CIRP Working Group 
‘Modeling of Machining Operations’, Annals CIRP 47 (2), 1998, 587 - 626; 
[2] Athavale, S.M., Strenkowski, J.S., Finite element modeling of machining: from proof-of-concept to 
engineering applications, Proceedings os the CIRP International Workshop on Modeling of Machining 
Operations, Atlanta, USA, 1998, 203 - 216; 
[3] Sandstrom, D.R., Modeling the physics of metal cutting in High-Speed machining, Proceedings of the 
CIRP International Workshop on Modeling of Machining Operations, Atlanta, SUA, 1998, 217 - 224; 
[4] Klamecki, B.E., Incipient chip formation in metal cutting – a three dimension finite element analysis, Ph. 
D. dissertation, University of Illinois, 1973; 
[5] Okushima, K., Kakino, Y., The residual stress produced by metal cutting, Ann. CIRP 20 (1), 1971, 13 - 14; 
[6] Tay, A.0., Stevenson, M.G., David, G.V., Using the finite element method to determine temperature 
distributions in orthogonal machining, Proc. Inst. Mech. Eng. 188, 1978, 627 - 638; 
[7] Strenkowski, J.S., Carroll III, J.T., A finite model of orthogonal metal cutting, Journal of Engineering for 
Industry 107, 1985, 347 - 354; 
[8] Shi, G.Q., Deng, X.M., Shet, C., A finite element study of the effect of friction in orthogonal metal cutting, 
Finite Elements in Analysis and Design 38, 2002, 863 – 883; 
[9] Behrens, A., Westhoff, B., Anwendung von Marc auf Zerspanprozesse, MARC Benutzertreffen, Munchen, 
1998; 
[10] Ozel, T., Altan, T., Determination of workpiece flow stress and friction at the chip tool contact for high-
speed cutting, International Journal of Machine Tools & Manufacture 40, 2000, 133 – 152; 
[11] Ceretti, E., Lucchi, M., Altan, T., FEM simulation of orthogonal cutting: serrated chip formation, Journal 
of Materials Processing Technology 95, 1999, 17 – 26; 
[12] Ng, E.-G., Aspinwall, D.K., Brazil, D., Monaghan, J., Modeling of temperature and forces when 
orthogonally machining hardened steel, International Journal of Machine Tools & Manufacture 39, 1999, 885 
– 903; 
[13] Monaghan, J., MacGinlet, T., Modeling the orthogonal machining process using coated carbide cutting 
tools, Computational Materials Science 16, 1999, 275 – 284; 
[14] Bacaria, J.l., Dalverny, O., Pantale, O., Rakotomalala, R., Caperaa, S., 2D and 3D numerical models of 
metal cutting with damage effects, European Congress on Computational Methods in Applied and 
Engineering, Barcelona, Spain, Sep.11 – 14, 2000; 
[15] McClain, B., Batzer, S.A., Maldonado, G.I., A numeric investigation of the rake face stress distribution in 
orthogonal machining, Journal of Materials Proccesing Technology 123, 2002, 114 – 119; 
[16] Shet, C., Deng, X., Finite element analysis of the orthogonal metal cutting process, Journal of Material 
Processing Technology 105, 2000, 95 – 109; 
[17] Baker, M., Rosler, J., Siemens, C., High speed chip formation of Ti6Al4V, Proceedings of Materials 
Week, Munich, 2000; 
[18] Baker, M., Rosler, J., Siemens, C., Finite element simulation of segmented chip formation of Ti6Al4V, 
Journal os Manufacturing Science and Engineering 124, 2002, 485 – 488; 
[19] Westhoff, B., Modellierrungsgrundlagen zur FE – Analyse von HSC – Prozessen, Dissertation, Institut 
fur Konstrucktions – und Fertigungstechnik, Laboratorium Fertigungstechnik, Univestitat der Bundeswehr, 
2001; 
[20] Ohbuchi, Y., Obikawa, T., Finite element modeling of chip formation in the domain of negatice rake 
angle cutting, Journal of Engineering Materials and Technology 125, 2003, 324 – 332; 
[21] Leopold Jurgen, FEM modeling and simulation of 3-D chip formation, Peoceedings of the CIRP 
International Workshop on Modeling of Machining Operations, Atlanta SUA, 1998, 235 – 245; 
[22] Ceretti, E., Lazzaroni, C., Menegardo, L., Altan, T., Turning simulations using a three-dimensional FEM 
code, Journal of Materials Processing Technology 98, 2000, 99 – 103; 

ANNALS of the ORADEA UNIVERSITY. 
Fascicle of Management and Technological Engineering, Volume IX (XIX), 2010, NR3 

 3.107 



[23] Guo, Y.B., Liu, C.R., 3D FEA modeling of hard turning, Journal of Manufacturing Science and 
Engineering 124, 2002, 189 – 199; 
[24] Behrens, A., Westhoff, B., Finite element modeling of high speed machining processes, 2nd International 
German and French Conference on High Speed Machining, Darmstadt, 1999, 185 – 190; 
[25] Ozel, T., Altan, T., Process simulation using finite element method – prediction of cutting force, tool 
stress and temperatures in high-speed flat end milling, International Journal of Machine Tools & Manufacture 
40, 2000, 713 – 738; 
[26] Ng, E.-G., Aspinwall, D.K., Modelling of hard part machining, Journal of Materials Processing 
Technology 127, 2002, 222 – 229; 
[27] Shih, A., Yang, H.T.Y., Experimental and finite element simulation methods for rate-dependent metal 
forming processes, International Journal for Numerical Methods in Engineering 31, 1991, 345 – 367. 

ANNALS of the ORADEA UNIVERSITY. 
Fascicle of Management and Technological Engineering, Volume IX (XIX), 2010, NR3 

 3.108 


