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A Study on the Applications of Finite Element Techniques to
Chip Formation and Cutting Heat Generation Mechanism of
Cutting Process

Joon Hwang,* Suk Namgung**

ABSTRACT

The object of this study is to achieve a greater understanding of material removal
process and its mechanism, In this study, some applications of finite element techniques
are applied to analyze the chip formation and cutting heat generation mechanism of
metal cutting, To know the effect of cutting parameters, simulations employed some
independent cutting variables change, such as constitutive deformation laws of workpiece
and tool material, frictional coefficients and tool-chip contact interfaces, cutting speed,
tool rake angles, depth of cut and this simulations also include large elastic-plastic defor-
mation, adiabetic thermal analysis.

Under a usual plane strain assumption, quasi-static, thermal-mechanical coupling
analysis generate detailed informations about chip formation process and cutting heat
generation mechanism Some cutting parameters are affected to cutting force, plastic
deformation of chip, shear plane angle, chip thickness and tool-chip contact length and
reaction force on tool, cutting temperature and thermal behavior,

Several aspects of the metal cutting process predicted by the finite element analysis
provide information about tool shape design and optimal cutting conditions.

Key words : Finite Element Method (f-324%), Mechanism of Metal Cutting(24717), Chip For-
mation(H 44), Tool-Chip Contact Interface(F7-% H&7179), Cutting Temperature (3
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Table 1 Material properties of workpice used in
analysis

w A16061-T6 | DIAMOND
Properties (Workpiece) (Tool)
Modulus of Elasticity (Gpa) 724 1141
TPoission Ratio () 0.334 0.07
Rupture Strength (MPa) 295 1350
Density (Kg/m®*) 2672 3500
Specific Heat (J/Kg K) 896 950
Thermal Conductivity (W/m K) 204 500
Thermal Expansion (X 10¢/C) 84.2 3.0
Inelastic Heat Fraction 0.9 0.9
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ISl = wlP| (vlzd =7) (2.2b)
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Table 2 Constitutive deformation laws and material

parameters
[Elastic Parameter| Plastic Parameter
Material Model
EGa) v (Mpa) n
1) Elstic-Perfectly 724 0334 | 2951 00
Plastic
2) Elastic-Viscoplastic | 72.4 0.334 295.1 0.0
837.8 0.9925
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Flg 2 Total effectlve plastlc strain contours of
orthogonal metal cutting which is obtained
by finite element analysis
(ALB061-T6, #=0.1, V=8m/s, t=0.2mm, @=3")
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Fig. 3 Von MISES equlvalent contours of orthogonal
metal cutting which is obtained by finite
element analysis
(ALB06)-T6, £=0.1, V=8m/s, t=0.2mm, ¢=3")
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Fig. 4 Temperature contours of workpiece & chip
of orthogonal metal cutting which is
obtained by finite element analysis
(AL6061-T6, r=0.1, V=8m/s, t=0.2mm, «=3")
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(a) the cutting tool incrementally moved 0. 2mm

(b) the cutting tool incrementally moved 0.4mm

:

{c) the cutting tool incrementally moved 0. 5mm

Fig, 5 Predicted chip formation shapes in the
process of cutting
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g. 6 Variation of specific cutting energy versus
tool-chip interfacial friction coefficients
(AL6061-T6, t=0.02mm, =(0°)
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Fig. 7 Variation of specific cutting energy versus

teol rake angles
(AL6061-T6, #=0.0, t=0.02mm)
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Fig. 8 Comparison of effective plastic strain of
chip with respect to various tool rake angles
(ALB061-T6, #=0.0, V=8m/s, t=0.2mm)
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Fig. 9 Comparison of Von Mises equivalent stress
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Fig. 10 Temperature distribution of workplece &
chip with respect to various tool rake
angles
(ALBO61-T6, #=0.0, V=8m/s, t=0.2mm)
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