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Abstract; A new method for the identification of milling force coefficients is proposed for the
prediction of the milling forces in multi-axis milling with ball-end cutter. Firstly, the shearing
coefficients of milling forces are fitted with multiple order polynomial function of axial position
angle, the identification model is derived based on average milling forces as well as the milling
force model of multi-axis ball-end-cutter milling. Secondly, the experiment plan of multiple group
slot milling for milling coefficient identification is presented, in which the groups are distinguished
from each other by varying the angle between the cutter axis and the work piece surface in the slot
milling. This experiment is used to ensure the identified coefficients contain the effect factor of
different cutter postures. Finally, the proposed method is validated experimentally and the results
show that the proposed method is better than that based on instantaneous milling forces in terms of
anti-interference and identification precison.
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Table 2 Miling parameters

TR BERIRE dEaEeR RN R

JF5  n a, vy 1 A
r-min ' mm mm-min~' mm-z~' ()

1 1194 0.5 119. 4 0.05 90
2 1194 0.5 238. 8 0.1 90
3 1194 1.0 119. 4 0.05 90
4 1194 1.0 238.8 0.1 90
5 1194 0.5 119.4 0.05 75
6 1194 0.5 238. 8 0.1 75
7 1194 1.0 119.4 0.05 75
8 1194 1.0 238.8 0.1 75
9 1194 0.5 119. 4 0.05 60
10 1194 0.5 238.8 0.1 60
11 1194 1.0 119.4 0.05 60
12 1194 1.0 238. 8 0.1 60
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Fig. 2 Geometrical meaning of milling parameters
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Fig. 3 Experimental equipment
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Fig. 5 The forth group of the milling forces
acquired in slot milling experiments
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Table 3 Average of milling forces N
e F F F
1 89.999 8 10. 004 2 70.7232
2 129.336 0 12.504 7 99.8159
3 120.076 7 38.3713 88.4223
4 194.254 6 59.018 5 137. 4547
5 71.028 4 42.9302 41.5022
6 104. 449 5 61.9812 57.1107
7 130.472 4 72.250 8 59.002 0
8 168. 001 7 110. 8374 80. 749 2
9 35.3108 66. 966 8 21.5274
10 47.2172 97.541 4 29.3293
11 100. 154 3 109. 194 5 37.3806
12 147.7859 174.8112 53.366 6
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Fig. 6 A multi-axis milling experiment
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Fig. 7 Simulated and measured milling forces
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