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Cutting Force Prediction of Slanted Surface Ball-End Milling
Using Cutter Contact Area

G. M. Kim*, P. J. Cho*, 1. K. Hwang* and C. N. Chu**

ABSTRACT

Cutting forces in ball-end milling of slanted surfaces are calculated. The cutting area is det-
ermined from the Z-map of the surface geometry and current cutter location. The obtained cutting
area is projected onto the cutter plane normal to the Z-axis and compared with cutting edge ¢le-
ment location. Cutting force is calculated by integration of ¢lemental cutting forces of engaged
cutting edge elements. Experiments with various slanted angles were performed to verify the pro-
posed cutting force estimation model. It is shown that the proposed method predicts cutting force
effectively for any geometry including sculptured surfaces with cusp marks and surfaces with

pockets and holes.
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Fig. 1. Cutting modes of sculptured surface machining: (a)
Plain cutting; (b) Upward ramping; (c) Downward
ramping; (d) Up-cut contouring; {€) Down-cut con-
touring.
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Fig. 2. Cutter contact areas on the cutter plane: (a) Up-cut
contouring; (b) Down-cut contouring; (¢) Upward
ramping; (d) Downward ramping.
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Fig. 3. Coordinate systems of cutting force model.
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where the cutting edge element position angle is ¢;
the cutter helix angle is B: cutter rotation angle is ©;
and number of flutes is n.
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Fig. 4. Comparison of undeformed chip geometry be-
tween ramping and plain cutting: (a) Plain cut-
ting; {(b) Upward/Downward ramping,.
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Fig. 5. Cutting force profile of slanted surface cutting: {a) Up-cut contouring; (b) Down-cut contauring; (c) Upward
ramping; {d) Downward ramping (Path interval: 8.485 mm, Surface normal depth of cut: 1.757 mm, Feed: 0.05

mm/tooth)
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inder machining
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Fig. 11. Cutter contact area variation passing across a
hole (Region B-C)
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Nomenclature
Q cutter rotation angle
&0, @) cutting edge element rotation angle
o) culting edge element position angle
o) cutting cdge clement position angle in
X'Y'Z' coordinate system
' cutting edge element rotation angle in X'Y'Z'
coordinate system
4 feed angle
cutter helix angle
n number of cutter flutes
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feed per tooth

undeformed chip thickness
undeformed chip width
tangential elemental cutting force
radial elemental cutting force

K«{@) tangential empirical cutting parameter
Ke{®) radial empirical cutting parameter
a, b, coefficients of K{¢@) and Kp(@)

my,

mg model parameters characterizing the size
effect of the workpiece material

Fx(©®) x-directional cutting force at cutter rotation

angle ©

Fy(G) y-directional cutting force at cutter rotation

angle ©
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