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Evaluation of Cutter Orientations in 5-Axis
High Speed Milling of Turbine Blade

T. S. Lim, C. M. Lee, S. W. Kim and D. W. Lee

Abstract

Recently, the development of aerospace and autornobile industries brought new technological challenges,
related to the growing complexity of products and new geometry models. High speed machining using
5-Axis milling machine is widely used for 3D sculptured surface parts.

5-axis milling of turbine blade generates the vibration, deflection and twisting caused from thin and
cantilever shape. So, the surface roughness and the waviness of workpiece are not good.

In this paper, The effects of cutter orientation and lead/tilt angle in 5~Axis high speed ball end-milling
of turbine blade were investigated to improve the geometric accuracy and surface integrity. The
experiments were performed at lead/tilt angle 15° of workpiece with four cutter directions such as
horizontal outward, horizontal inward, vertical outward, and vertical inward. Workpiece deflection, surface
roughness and machined surface were measured with various cutter orientations such as cutting direction,
and lead/tilt angle.

The results show that when 5-axis machining of turbine blade, the best cutting strategy is horizontal
inward direction with tilt angle.
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Fig. 1 The model used for analysis and
experiment

Table 1 The results of modal analysis

Mode Number Frequency (Hz)
1 845
2 1472
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Table 2 Experimental Equipment

Cutting
condition Value
5-Axis M]~KRON—UCP' 710
Machining Spindle revolution (Max.) : 42,000rpm
Center Feedrate (Max.) : 30m/min
Location resolution © 1um
Cutting @10 carbide ball endmill
Tool 2flutes(TIAIN coated)
AEC-5505, PU-05
Displacement| Resolution : 0.5um
Sensor Range : 0~2.0mm

Frequency response : DC-20kiz

Table 3 Experimental Conditions

Cutting
condition Value
Ssptl)’e}g‘de 20,000rpm
Feedrate 4,000mm/min (0.1mm/tooth/rev)
Pick feed 0.2mm
Depth of cut 0.5 mm
Lead/Tilt .
angle 15
Horizontal Inward(HI)
Horizontal Qutward(HL.O)
Tool path Vertical Inward(V.I)
Vertical Qutward(V.0)
Workpiece Al 7075

(b) Convex sculptured surface
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Fig. 5 Inclined angle
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Fig. 8 The signal of deflection and FFT analysis at
concave surface
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Fig. 9 The signal of deflection and FFT analysis at
convex surface
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Fig. 13 The surface roughness of feed-direction
at point-E of convex surface
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