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Finishing of Sculptured Surface through Cusp Pattern Control and
Micro-ball End Milling
C. G. Sim*, M. Y. Yang**

ABSTRACT

The ball-end milling process is widely used in the die/mold industries, and it is very suitable
for the machining of free-form surfaces. However, cusps(or scallops) remaining at the machined

part along the cutter paths require another finish process such as polishing or grinding.
In this study, a high speed micro ball-end milling method has been suggested for the finish
of free-form surfaces, A new tool path which makes the geometrical roughness of workpiece

be constant through the machined surface has been developed. In the high speed machining
of micro ball-end mulling experiments, the developed tool paths have been successfully applied.
And it was concluded that the surface roughness from this finish cuts of micro ball-end

milling process was acceptable.
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(a) Iso-parametric Machining

cutting plane

intersection curve
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(b) Cartesian Machining

Fig.1 Generation of cutter paths in the two
machining methods
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(a) instantaneous radius of curvature in
the pick feed direction

{b) cusp height

Fig.2 The height of cusp on the surface of
Ferguson model
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(a) the designed patches

(a) increment of parameter, v

(b) increment of segment length, s (b} Ferguson Surface Model

Fig.4 The designed Ferguson surface in the

Fig.3 Increment of parameter v for the given
experiments

cusp height, h
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Fig. 5 Comparisons of cutter location data

181

(1994. 2€)

3. 48 # 1%

A8d HEE AFTHL 2 9 B L4
95t Fig. 4ol ol FY Aam &L 938 &
7l HAEUT Fig bt £ dFdA 449 2%
ZH9 71FE A% TR H2d YoM 7)Ey
Iso-parametric Machining® Cartesian Machining
PEEH vmst) B dFdA AR uide 93 3
THESZ ¥dF32 9ot Fig. é% Iso-parametric
Machinige® 7}5%t A3 o 9359 wddA BEg
cuspd HHE HoFn Yok EF Fig. 72
Cartesian Machining® 2 7134 27 o 439 oA
oA FEE cusps] FHE RoFu Yok
Fig. 8& cuspd 758t ZE hE 860pmE 2434
= A% oA ARE ¥AFD g, dAsHE Rl

=

(b) section at the small circle

Fig.6 Cusp in Iso-parametric machining

(b) section at the small arc

Fig.7 Cusp in Cariesian machining
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(h) section at the small arc

Fig.§ Cusp in the suggested machining method

(a) rough machined workpiece by HSS
cutter (h=56.m)

(b) micro-ball end milled workpiece by TiC
cutter (h=14pm)

{(c) micro-ball end milled workpiece by TiC
cutter (h=4pm)

Fig.9 The rough and finished workpieces
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Fig.10 The chip shape in these mocro-ball end
milling process
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