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Instantaneous Milling Force Modeling and Coefficient Calibration Method
of Variable Helical Circular-arc End Mills with Unequal Rake Angle

QI Shutao LI Jiagi ZHENG Shucai XU Jinting SUN Yuwen”

School of Mechanical Engineering,Dalian University of Technology,Dalian,Liaoning, 116024

Abstract: Variable helical end mills with unequal rake angle maight effectively suppress milling
chatters, which significantly improved the machined surface quality and simultaneously reduced the
risk of tool breakages, however, due to the unequal geometric parameters of each cutting edge, the
existing models had difficulty to accurately predict the cutting forces, hence, a new instantaneous
milling force modeling and coefficient calibration method were proposed. Firstly, the geometry and
position relational expression of the cutting edges for variable helical circular-arc end mills were given,
then considering the tool runout and variation of geometrical parameters of cutting edges, an instanta-
neous uncut chip thickness calculation and element cutting force prediction model was established;
Subsequently, a nonlinear optimization method to simultaneously calibrate the cutting force coeffi-
cients and tool runout parameters was proposed, and an efficient algorithm for solving the model pa-
rameter initial values was also given based on linear least squares and oblique cutting theory. The ex-
perimental results show that the amplitude and waveform of predicted cutting forces are consistent
with the measured ones with errors of less than 15% , verifying the effectiveness of the proposed model.
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Fig.1 Geometry of a typical variable helical bull-nose

end mills
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Fig.2 Schematic diagram of the milling process
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Fig.3 Tool radial runout model and its influence on
instantaneous uncut chip thickness
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Tab.1 Geometric parameters of the milling tool

P JI15 4 5
1 2 3 4
S JIVG R ¢/ () 99 81 99 81
WRE S B/ () 43 45 43 45
WA 70/ 7.36 —3.93 7.36 —3.93
B JE a0/ () 8.62 8.62 8.62 8.62
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Tab.2 The cutting parameters of milling experiments

s H‘E?rﬂi%.iiiﬂ/ ﬂféﬁlﬁ&# ]:/ T Yl | DI

(remin™" |(mm*min~!")| a./mm a,/mm
1 900 234 1.0 8
2 900 234 1.0 5
3 900 234 0.5 8
4 1000 160 1.5 5
5 1000 160 2.0 5
6 1000 240 1.0 6
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Fig.5 Comparison of measured and predicted

cutting force(shown in sequence of tooth 1-2-3-4)
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Tab.3 Calibrated shearing force coefficients N « mm *

JI X pANS K K. K
1.3 5 3129.0 2463.1 281.3
5 3K 71
2.4 % 3896.6 3946.7 271.7
1.3 % 2030.4 1153.9 780.7
73
2.4 2907.5 1857.9 966.3
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Tab.4 Calibrated ploughing force coefficients and tool

runout values

K/ K./ K./
A/rad
(Nemm )| (NemmD) | (Nemm-1) | ©/#™ ]2/
17.65 13.78 7.83 0.55 |3.1356
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