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Tool Path Design for Constant Cutting Engagement in End Milling Processes

Kyoto University
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Susumu NISHIDA

On contour-parallel tool paths that are often used in the machining of dies and molds, there are many regions where the tool
is subject to significant variation of cutting forces. Particularly in finishing processes, such a variation of cutting forces often
degrades machining accuracy and surface finish. This paper proposes an algorithm to generate contour-parallel tool paths that
maintain constant cutting engagement angle throughout any given two-dimensional contour geometry. By maintaining the
cutting engagement angle constant, the cutting force can be regulated approximately constant under constant feedrate, which
potentially improves the machining accuracy in a significant manner. The validity of the proposed tool path generation schemes
is investigated by preliminary machining experiments on hardened steel by using a straight end mill.
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Figure 1 Schematics of tool path modification
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Figure 2 An example of tool paths under constant cutting

engagement angle computed by using Algorithm I
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Figure 3 An example of tool path generation by Algorithm II
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Figure 4 Schematics of cutting experiment

Table 1 Cutting Conditions

Spindle speed 4,775 rpm
Feed per tooth 0.04 mm/tooth
Cutting direction Down cutting
Axial depth of cut 5 mm
Coolant Dry air
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(a) Case 1: Machinéd by the original tool path under constant

radial depth of cut
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(b) Case 2: machined by the modified tool path under constant
engagement angle

Figure 3 Geometrical surface error profiles measured by using
a coordinate measurement machine





