Friction modelling in numerical simulation of orthogonal cutting
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Abstract.

Friction is one of the most difficult phenomena dimulate in machining. Extreme conditions of
temperature and pression at the interface invohe development of sticking and sliding zones.
Commercial codes incorporate pre-implemented alyos allowing the user to model the thermo-
mechanical contact at the tool-chip interface. $élected algorithm should ensure the consistentlyeof
implemented model of friction.

The Coulomb’s model is the simplest formulatiorsuaming a constant coefficient of friction along the
tool/workpiece contact length, however it has begdely used in numerical simulation of machining
[1,2].

7, (xt)= po(x.t). (1)
Eq.1, relatesT; and O, being respectively the frictional and normal s$es at the positioiX on the

interface and instartt of the test. Experimental data of machining hahaagd the decreasing of friction
when the cutting velocity increases [3].

In this work, a numerical model of orthogonal autihas been developed using the ALE (Arbitrary
Lagrangian Eulerian) formulation (see details if).[#he numerical simulations were performed whhb t
commercial code ABAQUS/Explicit. Tool rake anglesaaqual to 0° with a small tool tip radius of 15
microns to avoid numerical problems (see figl-l)isTcutting edge radius causes a small feed forer e
in the absence of friction.

The contact was modeled with a constant coefficadrftiction. Numerical results (see fig.1-a) shawe
that the obtained cutting forces ratio, in otherrdgy the global friction (defined as the ratio bet
tangential force to the normal force exerted byahi@ onto the tool), is different of the implemetitone
(especially when high values of friction coefficieare considered) and tend to decrease with vglocit
according to the trend observed in experimentastes
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Fig.1: a- Evolution of obtained friction as cutting forcegio versus the cutting velocity, for different
values of implemented friction coefficient and teargture dependent friction coefficient.
b- Detail of the mesh used for the numerical modeirttiogonal cutting.
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Fig.2: Evolution of cutting and feed forces versus thitiieg velocity, for different values of
implemented friction coefficient and temperatureetedent friction coefficient

Several authors have accorded a particular attemdiche improvement of friction formulation anceth
influence on numerical results [5-7]. The simpleu@onb’s law with constant friction (Eq.1), has been
modified by Moufki and Molinari [3] to account feemperature dependence gaf:

q
T-T
T)=p| 1-—2 )
w(T) /J{ T —Toj
T is absolute temperature variablk, and T, are respectively the reference and melting tentpess

of the material, angt/, and g are material constants.

Numerical simulations using this model show a beitreement with experimental data, particularly in
terms of output cutting forces (see fig.2).

Refer ences:

[1] J.S. Strenkowski and K.J. Moon, Finite elememtdiction of chip geometry and tool-workpiece
temperature distributions in orthogonal metal agttiASME J. Eng. Indl12 (1990), pp. 313-318.

[2] K. Komvopoulos, S.A. Erpenbeck, Finite elemenbdeling of orthogonal metal cutting, ASME
Journal of Engineering for Industry, vol. 113, gp3-267, 1991.

[3] A. Moufki, A. Molinari and D. Dudzinski, Modeatig of orthogonal cutting with a temperature
dependant friction law, J. Mech. Phys. Solé910) (1998), pp. 2103-2138.

[4] Miguélez, H., Zaera, R., Cheriguene, R., RusjnA., Moufki, A., Molinari, A., Modelizacion
numérica del corte ortogonal utilizando una formifla ALE, VIII Congreso lberoamericano de
Ingenieria Mecanica. Cuzco) Perq, ISBN 978-99725284., 2007

[5] H. Bil, S.E. Kilic and A.E. Tekkaya, A companis of orthogonal cutting data from experiments with
three different finite element models, Inter. J.ddaTools Manuf44 (2004), pp. 933-944.

[6] T. Ozel, Influence of friction models on finildement simulations of machining, Int. J. MacholEo
Manuf. 46 (5) (2006), pp. 518-530.

[7] L. Filice, F. Micari, S. Rizzuti and D. Umbrell A critical analysis on the friction modelling in
orthogonal machining, Inter. J. of Machine Toold &anuf.47 (3-4) (2007), pp. 709-714.

E-mail address:acherig@ing.uc3m.es
Tel.: (34)91.624.83.80; fax: (34)91.624.94.30




