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Abstract

This study represents the non-dimensional cutting force model. With the non-dimensional

cutting force model it is possible to estimate efficiently the maximum cutting force during one

revolution of cutter. Using the non-dimensional cutting force model, the feed rate and spindle

speed are adjusted so as to satisfy the maximum cutting force and maximum machining error. To
verify the accuracy and efficiency of the non-dimensional cutting force model, a series of
experiments were conducted, and experimental results proved and verified the non-dimensional
cutting force model. The NC toolpath verification system developed in this paper uses the

non-dimensional cutting force model, so that it is effective for calculating the cutting force and

adjusting the cutting conditions.
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Fig. 1 Structure of the NC verification system
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Table 1 Constants for curve fitting of non-dimensional cutting forces

Fnx=a+bf+ch+d&+es*+16°
Fnx=a+bf+ch*+dg+ed*+14°

Fnz=a sinf
a b c d e f
(a) | 3.805e—2 —1.468e—3 7.327e—4 —1.039e—5 | 4.680e—8 —6.344e—11
(b) | 3.67%e—2 —7.847e—4 7.057e—4 —1.000e—5 | 4.439¢—8 —5.809e—11
Fnx | (c) 3.862e—2 —1.752e-3 7.435e—4 —1.055e—5 4.722¢—8 —6.536e—11
(dy | 3.852e—2 —1.749e -3 7.428e—4 —1.053e—5 | 4.762e—8 —6.513e—11
AVG | 3.795e—2 —1.315e—3 7.27%—4 —1.034e—5 | 4.647e—8 —6.266e—11
(a) 5.88%9e—3 1.752e -2 —1.029e—4 —5.284e—6 | 5.387e-—8 —1.354e—10
(b) 7.397e—-3 1.733e-2 —9.810e—5 —5.306e—6 | 5.370e—8 —1.344e—-10
Fny | (c) 5.439e—-3 1.756e —2 —1.032e—4 —5.299e—6 | 5.407e—8 —1.360e—10
(d) | 5.884e-3 1.749e -2 ~1.003e—4 —5.339e—6 | 5.430e—8 —1.365e —10
AVG | 6.344e—3 1.746e—2 —1.022e—4 —5.287e—6 5.386e—8 ~1.253e—10
(a) 0.142
(b) 0.141
Fnz | (¢) 0.143
(d)y | 0.141
AVG| 0141
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Fig. 3 Non-dimensional cutting forces with varying
cut geometries and cutting parameters
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