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There have been numerous studies on end milling processes. However, these

Received 10 Jamyary 2013 have been restricted to the application of tools for special cutting purposes.
Revised 1 May 2013 A side milling cutter can handle long, deep, and open slots in a more
efficient manner,and it provides the best stability and productivity for this
type of milling. In this paper, a method to predict the cutting forces in side
Keywords: e . . . .
Side milling milling is described, and simulated cutting forces are compared with those
. obtained by cutting experiments. In particular, the side milling process easily
Cutting force . . . :
. ) generates relative motion between the tools and the workpiece because it
Static cutting model . . . . . .
) ) produces intermittent cutting forces that cause vibrations over a wide
Dynamic cutting model .. . .
frequency range. Therefore, the application of a dynamic cutting model
instead of a static cutting model is appropriate to forecast the cutting forces
more accurately.
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Fig. 5 Comparison measured cutting forces and predicted ones
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Table 1 Experiment condition

Spec. and Value

workpiece material Al6061

tool cutter diameter, PVD coated insert Dc=80 mm, Nt=8

Tool overhang, shank diameter L=120 mm, D=32 mm

sampling time 10 kHz
Piezo dynamometer, signal conditioner Kistler type 9257B
normal cutting force coefficient, Kn 2,750 N/mm?>
tangential cutting force coefficient, Kt 1,950 N/mm’

cutting condition 1 500 rpm, 100 mm/min

cutting condition 2 900 rpm, 300 mm/min
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Fig. 8 Instantaneous chip thickness for dynamic cutting
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Fig. 9 Block diagram of dynamic cutting model

Table 2 Identified modal parameters at tool center point

X-direction mode 1 | mode 2 | mode 3 | mode 4
Natural frequency (Hz)| 127.5 432.5 582.5 723.8
Modal stiffness (N/m)| 4.98¢7 1.12e8 | 5.45e7 | 4.31e7
Damping ratio 0.084 0.041 0.048 0.048
Y-direction mode 1 | mode 2 | mode 3

Natural frequency (Hz)| 430 5713 765

Modal stiffness (N/m) | 8.23¢7 | 6.95¢7 | 5.26e7

Damping ratio 0.032 0.015 0.031
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Fig. 11 Comparison measured cutting forces and predicted ones
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