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ABSTRACT: An analytical approach is used to model orthogonatting process. The mater
characteristics such as strain rate sensitivitgirsthardening and thermal softening are considérkd chip
formation is supposed to occur mainly by shearimyiw a thin band called primary shear zone. Thayasis
is limited to stationary flow and the material flawithin the primary shear zone is modelled by usngne-
dimensional approach. Thermomechanical coupling iardia effects are accounted for. At the toolpchi
interface, a temperature dependent friction lawnieoduced to take account of the extreme conditioh
pressure, velocities and temperature encounteredgdonachining. Comparisons between model predistio
and experimental results are performed for diffecertting conditions.

Key words: High speed machining, modelling, friatio

1 ANALYTICAL MODELLING OF anglep, see F&. 1. The plastic deformation in the

ORTHOGONAL CUTTING chip is supposed to be limited to this band. The
. he th hanical ¢ chi complex material flow near the tool edge and the
E)lrjrrr;r;?iort tehets?rg?norpaetgsart];mceash%g)rcitsrzmoam(d: t'ﬁsecondary shear zone, due to the friction at tb to

' . chip interface, are neglected. The analysis istdichi
temperature are large. Thus, the thermomechamc&[I stationary flow (no time dependence). The

'bdehatll\;.logr tOf thd‘?t. work;l)lecet Tﬁte”alfhas t'o' b aterial flow within the primary shear zone can be
identified at conditions close to those of mactgnin modelled by using a one dimensional approach

n this wprk, .the work .matenal IS an ISOWropIC, |\ hare gl the variables in the band depend solely o
V|scoplast|c rigid material, whose behaviour Sthe coordinatg along the normal to the band. These
described by a Johnson-Cook law: variables are determined in terms of the
' , thermomechanical behavior of the work material, the
L= 1{A+ B[an}{“ mm[}‘/ﬂ 1_( T-T, J (1) cutting conditions, the thicknels the shear angle

V3 V3 T, -T, @ and the mean friction coefficien at the rake

face.

The material characteristics are defined by thairstr
hardening exponemt, the strain rate sensitivityn, ]
the thermal softening coefficiemt, the constants, SR/
B, y,,» the temperatures, (reference temperature)

andT, (melting temperature).

Yo

B 4
In the proposed approach, the primary shear zone is \,i\ ' 3
considered as a thin band of constant thickhess 1 TR '|
Molinari et Dudzinski [1992], Moufki et al. [1998]. . CoA
The primary shear zone is characterised by thershea | — |




along the direction normal to the rake face and the
Ve flow direction. Since the width of the zone theriyal
affected by friction is small, one can suppose that
a distance large enough the temperature at the tool
chip interface is weakly dependent on the inclorati

7y (¢ —a) of the primary shear band with respect to
h Primary shear band direction normal to the rake face. Therefore to
Y > determine the temperature distribution in the chip,
Vso Vg X this inclination is neglected and the shear band is

v taken perpendicular to the tool-chip interface.

Fig. 1 Analytical modelling of orthogonal cutting, Molineet 2 VALIDATION OF MODELLING
al. [1992].

Orthogonal cutting tests have been conducted with
At the tool-chip interface, an important heating isan AISI 1050 steel coupled with a TiAIN coated
produced by the large values of the pressure amd tigarbide tool. Different velocities, feeds and agti
sliding velocity. It is clear that the friction cditions  angle are considered.
at the tool rake face are affected by this heating.
Moufki et al. [1998], a Coulomb friction law has The behaviour of AISI 1050 steel is given by Eq.1.
been introduced with a mean friction coefficientThe Johnson-Cook parameters have been determined

7 =tani. depending upon the mean temperatilife by Jaspers and Dautzenberg [2001], (Table 1).
at the interface:

Tablel. Johnson-Cook parameters, Jaspers and Dhatzg

T Jq 2001

- (2) AMps) B (Mpa) n m v TF(K)

ﬁ :ﬁ(Tint) :/'IO 1_ T
ref 553,1 600,8 0,234 0,0134 1 1733

T¢ is the melting temperature of the workpiece - . .

material. The coefficientg/, andq can be identified The friction law IS described by the Eq.2 for each
_ _ _ couple tool-workpiece. The parameters , q and

from experimental data obtained in orthogonal-|-ref are identified by a least square methpgl %

cutting. S _ 0.71, g = 6.5andT,e = 1500) Note that in the Eq.2,
The temperature distribution within the chip beyondf is calculated by the analytical model
the primary shear zone is determined by using the™ , , '

approach of Moufkiet al [1998]. The chip heating The effects of the cutting velocity on the forces a

is due to the viscoplastic deformation in the priyna now investigated. The qutting velogity is varigdain
shear band and the friction at the tool-chip ireteef  '@nge of [75 ; 600] m/min. The cutting angle=5°

To simplify the problem, the following hypothesis (S€€ Fig. 1), and the width is 2 mm. Two values of
are introduced: (i) the cutting edge is supposeaeto f€€ds are considered, t1 = 0.12, 0.16 mmi/rev. ¢n Fi
sharp, (ii) the flank contact is neglected, (iiiptheat -2» it 1S observed from experimental data, that an
flow through the tool surface is neglected and (vijncrease of the cutting velocity leads to a de@eds
the heat transfer in the flow direction due tothe cutting and thrust forces. This trend is clearl
conduction is neglected with respect to the hed€Produced by the modelling (straight line). Tras c
convection due to the material flow. The secondarP?€ €xplained in the following way: as the cutting
shear zone is not considered; this assumption (ElocCity is enhanced, the average temperatureeat th
acceptable for large cutting speeds. The analgsis interfacel, is increased. The average friction
limited to the stationary case. Thus the analy$is ocoefficientz is then reduced, see Eq.2. Figure 2 also
transient phenomena, such as segmentation, {gptures the effect of feed on the forces for a fed
excluded. The problem is supposed as twofeed varying from 0.12 to 0.16 mmirev. For

dimensional, the temperature distribution dependgxample, when the cutting velocity is 300 m/min the
solely on the coordinates measured respectively



experimental cutting force passes from 456 to 596N3 CONCLUSIONS

This observation is depicted by the modelling.

Moreover for the different cutting conditions In this present work, a comparison is made between

consid
reprod
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uced by the modelling.
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data are accuratelgutting and thrust forces obtained from analytical

approach (Molinariet al. [1992], Moufki and
Molinari [1998]) and experimental data for an AISI
1050 steel (coupled with a TiAIN coated carbide
tool). From experiments it is noticed that a deseea
of the cutting velocity or an increase of the feed
leads to an increase of the forces. In the modgllin
the temperature dependence of friction law allog/s u
to reproduce these trends. Moreover, experimental
data are predicted with a good agreement by the
modelling for different cutting conditions.

Notice that the proposed approach provides also the
temperature distribution on the tool rake face (not

0 160 260 350 4(;0 5(;0 6(;0 700
Cutting velocity
(m/min)
Fig. 2 Comparison between predicted (lines) and expetiahen
data for the values of undeformed chip thicknedse Gutting

conditions are: the cutting angle= 5°, w = 2mm, feed = 0.12
mm/rev
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Fig. 3. Comparison between predicted (lines) and expetiahen
data for the values of undeformed chip thicknessg Gutting
conditions are: the cutting angle= 5°, w = 2mm, feed = 0.16
mm/rev
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presented here).
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