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A Study on the Finite Element Analysis of Chip Formation in Machining

Nam-Yong Kim*, Jong-Kweon Park** and Dong-Ju Lee***

ABSTRACT

Process behavior in metal cutting results from the chip formation process which is not easily observable and
measurable during machining. By means of the finite element method chip formation in orthogonal metal cutting is
modeled. The reciprocal interaction between mechanical and thermal loads is taken into consideration by involving the
thermo-viscoplastic flow behavior of workpiece material. Local and temporal distributions of stress and temperature in
the cutting zone are calculated depending on the cutting parameters. The calculated cutting forces and temperatures are
compared with the experimental results obtained from orthogonal cutting of steel AISI 4140. The model can be applied
in process design for selection of appropriate tool-workpiece combination and optimum cutting conditions in term of

mechanical and thermal loads.
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Fig. 1 Schematic diagram of experimental setup for
cutting test
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Table 1 Specifications of experimental apparatus

Apparatus Manufacturer Model
Name
Lathe GEMA GC-200
(Germany)
DC Charge .
Amplifier Kistler type 9257A
Oscilloscope Iwatsu S$S-5702
Tool Kistler type 5011
IDynamometer|
A/D National DAQ 1200
Converter Instrument
Tool Holder | Taegu Tec CSDNN2525M
Insert Type | Taegu Tec [SNMA 120408(K10)

Table 2 Cutting conditions of experiment

Cutting Condition
Cutting Speed
utting ‘pee 50~ 120
(m/min)
Feed 0.1 ~03
(mm/rev) ’ '
Depth of cut
P ot eu 0.5~ 1.5
(mm)
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Fig. 2 Cutting forces according to depth of cut
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Fig. 3 Finite element simulation of chip formation of Ti-

6Al-4V
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