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Modeling of Metal Cutting Using Finite Element Method

K. W. Kim(Mecha. Eng. Dept. WKU), D. H. Kim(Mechanical System Design Eng. Div., WKU)

ABSTRACT

The commercial success of a new product is influenced by the time to market. Shorter product leadtimes are of
importance in a competitive market. This can be achieved only if the product development process can be realized in a
relatively small time period. New cutting inserts are developed by a time consuming trial and error process guided by
empirical knowledge of the mechanical cutting process. The effect of previous cutting on chip formation and the surface
residual stresses has been studied. The chip formation is not affected much. There is only a minor influence from the residual
stress on the surface from the first cutting on the second pass chip formation. Thus, it is deemed to be sufficient to simulate
only the first pass. The influence of the cutting speed and feed on the residual stresses has been computed and verified by the
experiments. It is shown that the state of residual stresses in the workpiece increases with the cutting speed.

This paper presents experimental results which can be used for evaluating computational models to assure robust
solutions. The general finite element code ABAQUS/Standard has been used in the simulations. A quasi-static simulation
with adiabatic heating was performed. The path for separating the chip from the workpiece is predetermined. The agreement
between measurements and calculation is good considering the simplifications introduced.

Key Words : Finite element method (- 3+ 9.4 %), Large deformation (o] #® &), Residual stresses (45--5-2), cutting
temperature (ZAH-2 %), cutting region (Z 2% 9), Friction force (WF&-2)
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Table 1 Tool and cutting data used for experiments and
calculations

Feed 0.25 mm

Cutting speed 198 m/min

Cutting depth 3 mm

Edge radius 50 um

Clearance angle 6°

Rake angle 6°
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Fig. 1 Finite Element model.
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Table 2 Measured and computed quantities

Measured Computed
Cutting force F, 1450N 1050 N
Feed force F, 755N 200N
Chip thickness ratio A 1.98 2.0
Shear plane angle @ 30° 30°
Contact length [ B 0.58 mm 0.6 mm
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Fig.2 Von Mises effective stress.

Fig. 3 Normal stress in horizontal direction
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Fig. 4 Normal stress in vertical direction
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Fig. 5 Maximum shear stress.
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Fig. 6 Effective plastic strains.

4, HE

T



ol A& B¢ Alskghel F YA FgE BACh

2) Al 1 iAo o A FTH3 9
A YAEE Y HE3FEE MBS B3
of d& & At

3) g% H A, Fagy AFsEy e v
AZFE HPE dAROR d&s5g £ UARSE &4
HAUES AHEete] 27 39, 3 AW G
gl fF3tas Ede e ATE F3Y ool
=3

ADnEd

1. Cretti, E., Fallbochmer, P.,, Wu, W. T,, and Altan, T.,
“Application of 2D FEM to chip formation in
orthogonal cutting,” Journal of Materials Processing
Technology, Vol. 59, No. 1-2, pp. 169-180, 1996.

Shih, A. J., “Finite element analysis of orthogonal
metal cutting,” Journal of Engineering for Industry,
Vol. 117, pp.84-93, 1995.

Shih, A. J., “Finite element analysis of the rake angle
effects in orthogonal metal cutting,” International
Journal of Mech. Sci., Vol. 38, No. 1, pp.1-17, 1996.
Komvopoulos, K., Erpenbeck, S. A., “ Finite Element
Modeling of Orthogonal Metal Cutting,” Journal of
Engineering for Industry, Vol. 113, pp.253-267, 1991.
Zhang, B., Bagchi, A., “ Finite element simulation of
chip formation and comparison with machining
experiment,” Journal of Engineering for Industry, Vol.
116, pp.289-297, 1994.

Hibbit, Karlsson, Sorensen, Inc., “ABAQUS/Standard
Theory Manual (version 6.2),” 2001.

444, B9E, 45H, 3D YA HH| oo
4o mdyy o3 gL, A 17 9,
A 12 &, pp. 163-168, 2000.
A%, Y, wHeade
BE AT BT FUBHIA,
Z, pp. 101-106, 2001.

o] &3t Rl
A 18 A, A 11

1802



