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Abstract This work deals with the experimental and analytical investigations of the formation mechanisms and the plas-
tic flow stability of chips in the orthogonal cutting processes. In the cutting experiments, four kinds of metal are chosen as
modelling materials. In the high-speed cutting process of each testing metal, we observed the transformation of chip mor
phology from continuous to serrated and determined the critical cutting speed which depends on the material propertie:
of workpiece and the cutting conditions. Based on the experimental results, a two-dimensional orthogonal cutting model
is proposed for analyzing the two-dimensiongieets of chip flow and a corresponding basic theoretical framework is es-
tablished under the plane strain loading condition. By introducing a group of scaling quantities that related to the cutting
condition parameters, a system of dimensionless governing equations is obtained by normalization, a main dimensionles
controlling parameter is determined in terms of experimental conditions and numerical simulation results, an instability
criterion is established by the linear perturbation analysis under plane strain loading conditions, and the asymptotic flow
fields on the velocity and stress in the extended chip formation zone are obtained by approximate analysis of chip flow.
The theoretical results showed that, provided the cutting speedfisisut high, the plastic flow of continuous chip will

be unstable. This instability behavior of chip would be the non-localization unstable flow of the continuous chip caused
by plane loadings and differs from the shear-localized instability in the serrated chip. The dimensionless controlling pa-
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rameter, callecas the modified Reynold number, did play a leading role since it better describes the plastic instability
behavior of continuous chip flow and the shear-localized instability behavior of the serrated chip in the orthogonal cutting
process of metals.

Key words metal cutting, plastic flow stability, instability criterion, dimensional analysis, transformation of chip mor-

phology
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Fig. 1 Theorthogonal cutting process of metals
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Table 1 The material properties and the J-C constitutive model parameters of the four testing metals

Ti6AI4VI28  AIS| 4340291 AIS| 104814 Al 707530
Densityp/(kg-m3) 4420 7830 7850 2770
Elastic modulu€/GPa 114 200 210 71
Poisson’s ratior 0.342 0.29 0.3 0.3
Specific heat/(J-kg1-K™1) 560 477 452 885
Thermal conductivityt/(W-m~1.K 1) 7.2 38 50 130
Expansion coicienta/K 1 9.2x10°® 3.2x10° 1.5x10°° 2.32x10°
Melting temperaturd /K 1930 1793 1765 893
Taylor-Quinney cofficients 0.9 0.93 0.93 0.9
J-C constitutie model parameters Ti6AI4R!  AISI 434029 AISI 1048 Al 7075830
Ao/MPa 782 792 496 546
Bo/MPa 498 510 434 678
n 0.28 0.26 0.307 0.71
Co 0.028 0.014 0.047 0.024
m 1 1.03 0.804 1.56
&ofs™t 1 1 1 1
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Fig.2 The SEM observation of the cross-section of chip samples of the four testing metals
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Fig. 3 Thetwo-dimensional orthogonal cutting model of materials
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