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Real-Time Estimation of Radial and Axial Depth of Cuts
in End Milling Using the Cutting Forces

LS (sLohstm ThsHe),

S.C. Kim(Hanyang Univ. Graduate School),

Abstract

If the on-line cutting conditions (eg.
speed, feedrate, radial and axial depth of cuts)
can be identified in an end milling process,
much information about cutting forces will be
estimated
Therefore, those estimated conditions can be

from the cutting force model.

applied to monitoring and control areas. In this
paper,
radial and axial depth of cuts is studied in end

a real-time estimation algorithm for

milling using the averaging cutting forces per
tooth. The analytical estimation models of
depth of cuts are derived from the geometric
The validity of the
estimation models is verified on a horizontal

cutting force model.

machining center through the experiments in
various cutting conditions.
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Fig. 2 Cutting mechanism of end milling process
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Table 1 Contact ranges of tooth of end mill
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Fig. 3 Cutting force coefficients for average chip
thickness

Table 2 Parameters of cutting force coefficients

K, s Yy Yo
k 646.08 0.2201 0.1244
bz -0.4362 -0.2667 0.1702
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Table 3 Model parameters for R, estimation
(Up : t=0.08mn/tocth, Down: t. <0.08mn/tooth)

by by b, b; by bs
1.0025 | 34923 | -11.623 ] 21.686 | -20.461 | 7.5984
0.48209 | 35.217 | -949.34 | 15433 |-131787| 453367
1.9136 [-0.19059|-0.06742| 0.72142 |-0.99634 | 0.44387
1.6708 | 18147 | -617.33 | 10869 | -96461 | 339318
0.25847 | -35744 | 12.287 | -23.303 | 22.155 | -8.2614
0.69838 | -27.238 | 64445 | -9779.0 | 80459 |-270859
-0.39152(-0.54253| 1.7496 | -4.1310 | 4.5050 | -1.8290
-0.01002| -23.504 | 641.61 | -9802.3 | 78650 |-257044
-0.21953| 0.16053 | ~4.1888 | 9.6520 | -9.7718 | 3.7465
-0.03118| -24.362 | 1024.9 | -20092 | 188567 |-685683
-0.00415| -1.3243 | 2.0759 |-2.1582 | 1.2153 |-0.27103
-0.32220| 22.946 | -816.17 | 14382 |[-127382| 447205
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Fig. 4 Schematic diagram of experimental setup
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Fig. 5 Estimations for various radial immersion ratios
(600rpm, feed 0.1042mn/tooth, da=16mm, dr=1-8mm)
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Fig. 6 Estimations for various axial immersion ratios

(600rpm.

feed 0.2083mm/tooth, da=6, 11, 16mn, dr=2mm)
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Fig. 7 Estimations for various radial immersion
ratios and feed (600rpm, feed 0.4167, 0.2083,

0.1042mm/tooth, da=2mm, dr=1.5~8mm)
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