Journal of
Materials
Processing
Technology

ELSEVIER

Journal of Materials Processing Technology 71 (1997) 367-372

Built-up edge analysis of orthogonal cutting by the visco-plastic
finite-element method

Jeong-Du Kim *, V.R. Marinov, Dong-Sik Kim

Department of Mechanical Engineering, Korea Advanced Institute of Science and Technology (KAIST), 373-1, Kusong-dong, Yusong-gu.
Taejon 305-701, South Korea

Received 25 March 1996

Abstract

The behavior of the work materials at the chip—tool interface under extremely high strain rates and temperatures is more like
that of viscous liquids than that of normal solid metals. Under these circumstances, the principles of fluid mechanics can be
invoked to describe the metal flow in the neighborhood of the cutting edge. In the present paper, an Eulerian finite-element model
is presented that simulates metal flow in the vicinity of the cutting edge when machining a low carbon steel with a carbide cutting
tool. The work material is assumed to obey the visco-plastic (Bingham solid) constitutive law and the Von Mises criterion. Heat
generation is included in the model, assuming adiabatic conditions within each element. The mechanical and thermal properties
of the work material are accepted to vary with the temperature. The model is based on the virtual work-stream function
formulation. Emphasis is given to analyzing the formation of the stagnant metal zone ahead of the cutting edge. The model
predicts flow field characteristics such as material velocity, effective stress and strain-rate distributions as well as the built-up layer

configuration. © 1997 Elsevier Science S.A.
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1. Introduction

Metal cutting is one of the basic operations in the
manufacturing industry. Some estimates show that
about 10% of all the metal produced is turned into
chips [1]. Numerous theoretical and experimental inves-
tigations have been carried out in this field hitherto, but
some of the basic aspects of the cutting process are not
yet understood clearly. The recent development of com-
puter technology enables the simulation of the cutting
process more precisely using the finite-element tech-
nique, some analyses along these lines have been per-
formed in the last 20 years. Usui, Maekawa and
Shirakashi [2] have utilized the finite-element method to
simulate steady-state cutting, with the shear angle, the
chip geometry and the flow lines of the work material
being assumed in advance. Iwata, Osakada and
Terasaka [3] have developed a rigid—plastic finite-ele-
ment method (FEM) for steady-state orthogonal cut-
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ting, in which fracture of the chip is predicted by
employing a criterion based on stress history. The
chip-formation process has been simulated continu-
ously from the beginning of cutting by the elastic—plas-
tic FEM developed by Strenkowski and Caroll [4]. In
this work, an adiabatic heating model has been as-
sumed to simulate the heat-generation effects and no
heat has been assumed to be conducted between the
chip and the workpiece. The first application to metal
cutting using a visco-plastic model was reported by
Carol and Strenkowski [5]. These authors have intro-
duced two orthogonal models, one based on the up-
dated Lagrangian formulation and the other based on
the Eulerian formulation. Three-dimensional simulation
of the cutting process has been reported by Maekawa et
al. [6], however the three-dimensional cutting mecha-
nism is not sufficiently clarified [7]. Strenkowski and
Moon [8] have presented an Eulerian FEM of orthogo-
nal cutting. The FEM analysis of chip flow reported by
Childs and Maekawa [9] requires some experimental
data to be obtained in advance. In their analysis,
Komvopoulos and Erpenbeck [10] have used an elas-






