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A Study on the Machining of Sculptured Surfaces
by 5-Axis CNC Milling (II)
The Prediction of Cusp Heights and the Determination of Tool Path Interval

H.D. Cho, Y. T. Jun and M. Y. Yang

Key Words : 5-Axis CNC Milling(5% CNC =2l), Cusp Height(#A =¢}), End Mili(al=
ul),  Milling Cutter Direction (272 4}3F), Sculptured Surfaces (z}-§2),
Tool Path(ZF7 &)

Abstract

For the machining of the sculptured surfaces on 5-axis CNC milling machine, the milling cutter
direction vector was determined in the study (I) with 5-axis post-processing. Thus, it was possible
to cut the sculptured surfaces on five-axis CNC milling machine with the end mill cutter. Then,
for smooth machined surfaces in five-axis machining of free-form surfaces, this study develops an
algorithm for prediction of cusp heights. Also, it generates tool path such that the cusp heights are
constrained to a constant value or under a certain value. For prediction of the cusp height between
two basis points, a common plane, containing the line crossing two basis points and the summa-
tion vector of two normal vectors at two basis points, is defined. The cusp height is the maximum
value of scallops on the common plane after end mill cutter passes through the common plane.
Sculptured surfaces were machined with CINCINNATI MILACRON 5-axis machining center,
model 20V-80, using end mill cutter. Cusp heights were verified by 3-dimensional measuring
machine with laser scanner, WEGU Messtechnik GmbH.
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(Saddle) (Sculptured surface)
Fig. 8 Surfaces machined with the tool path of Fig. 7
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Table 1 Machining time along with cutter radius
R for maintaining cusp heights to 10 zm
about the given surfaces:1(convex), 2
(concave), 3(saddle), 4 (free-form)

time(min) .
R( ) ” ratio
mm) surface | 3.gxj ——
ax%s 3-a/5-a
5-axis
4 1 52.181 7.839 6.657
2 52.181 7.400 7.051
3 52.065 7.441 6.997
4 52512  13.677 3.839
5 1 47.903 7.808 6.135
2 47.903 9.981 4.799
3 47.796 8911 5.364
4 47.825  11.409 4.192
6 1 43.198 7.850 5.503
2 44481  11.928 3.729
3 44401 11.341 3.915
4 44477 11.683 3.807
8 1 37614 8.412 4471
2 39.323 8.688 4.526
3 38.427 9.346 4112
4 38.015 13.281 2.862
10 1 33.787 8.498 3.976
2 34.643 9.904 3.498
3 34.590 9.761 3.544
4 34.643  11.090 3.124
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