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Development of mechanistic model for cutting force prediction
considering cutting tool states in face milling

Sang-Suk Lee*, Hee-Sool Kim**, Young-Moon Lee***

ABSTRACT

A mechanistic force system model considering the flank wear for the face milling
process has been developed. The model predicts variation of the cutting forces according
to flank wear in face milling over a range of cutting conditions, cutter geometries and
cutting process geometries including relative positions of cutter to workpiece and runouts.
Flycutting and multitoth cutting tests were conducted on S341 mild steel with sintered
carbide tool. In order to verify the mechanistic force model considering the flank wear of
cutting tools, a series of experiments was performed with single and multitooth cutters
in various cutting conditions. The results show good agreement between the predicted and
measured cutting force profiles and magnitudes in time and frequency domains.

Key Words : Flank Wear ()4 }%), Cutting Force Model (A48 =29) Face Milling(A® ), Cut-
ting Force Spectrum(Z 4} ~ZHER)
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Fig. 1 Force components according to cutter geome-
tries and cutting geometry.
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Fig. 2 The cutting force components by tool wear.
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Table 1 Specifications of experimental setup.

- . 714 WMV-1100
Milling machine | Tl YAV
Tool dynamometer | Kistler(type 9257A)
Tool microscope Mitutoyo type B1-5
Labin Master
conversion rate:30KIz
A/D converter resolution'1Zbit
input range!-10V—+10V
Amplifier Kistler(type 5008 EDPM-2300)
Computer 32 bit IBM compatible PC
Oscilloscope Tektronix(2202 storage)

Table 2 Experimental conditions.

Spindle rotational speed | 370 rpm, 520 rpm

Table feed rate 87 mm/min , 127 mm/min
Depth of cut 1 mm

Milling type Up-milling

No. of insert 1,8

Sampling time 0.0005 sec

No. of data 1024
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Fig. 9 Simulated cutting forces by tool wear in the
X direction. (rpm=370, feed=87mm/min, no.
of insert=1)
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Fig. 17 The variation of cutting force by measure-
ment in Y direction. (rpm=370, feed=87mm
/min, no. of inserts=8)
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Fig. 18 The variation of insert cutting frequency
in X, Y. Z directions. (rpm=370, feed=87
mm/min, no. of inserts=8)
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Fig. 19 The variation of insert cutting frequencies
by simulation & measurement. (rpm=370,
feed=87mm/min, no. of inserts=8)
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