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Generation of 5-axis NC Data for Machining Turbine Blades
by Controlling the Heel Angle

.Cheol-soo Lee* and Gwang-ryeol Park**

ABSTRACT

In general, turbine blades arc usually machined on 5-axis NC machine. The 5-axis machining
of sculptured surface offers many advantages over 3-axis machining including the faster material-
removal ratcs and an improved surface finish. But it is difficult and timc-corsuming to generate
interference-free 5-axis tool path. This paper describes research on the algorithm for generation of
an interference-free 5-axis NC data for machining turbine blades. The approach, using the section
profile derived from the intersection of cutting planes with a triangulated-surface approximation,
includes (1) CL-data generation by detecting an interference-free heel angle (2) the calculation
method for finding a adaptive feed-rate value, and (3) the inverse kinematics depending on the

structure of 5-axis machine.

Key words : 5-axis machining, Turbine blade, Heel angle, Interference avoidance
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Fig. 9. Auto-detection of inference-free heel angle of
cutter. (a) forward detection (b} backward de-
tection (c) feasible range of heel angle (d) auto-
detected feasible cutter orientation.
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Fig. 11. Example of over-cut by linear interpolation of
5-axis tool path.
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(a)
Fig. 12. Schematic of the 5-axis milling machine for ma-
chining turbine blade. (a) coordinate system of
the machine (b) geometry for inverse-kinemat-
ics.
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Tble 1. Unit of the F valuc in feed per minute and feed
per rotation (FANUC 15M)

Feed{Min(G94) Feed{Rot(G95)
F41(*1) 0 1 .
Valid range F1~F2400¢ F1~F24000 F1~F50000
Linear axis 1 mm/min ¢.1 moymin 0.01 mm/rev

Rotation axis 1 deg/min 0.1 deg/min 0.01 deg/rev
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Fig. 13. Photograph of a machincd turbine blade by pro-
posed methods.
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