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ABSTRACT

The rotary feed axes of a 5-axis machine tool can increase the freedom of the tool posture, while reducing
feed speed and rigidity. In addition, as a ball-end mill is inevitably used during machining by rotational feed,
the step-over length is reduced compared to the flat-end mill, thereby reducing the material removal rate.
Therefore, this study attempts to improve the material removal rate, feed speed, and machining stability using
the corner radius flat-end mill and a fixed controlled machining method for the rotary feed axes during
roughing. In addition, the tapered ball-end mill and simultaneously controlled machining method for the rotary
feed axes were used for finishing to improve the propeller's 5-axis machining efficiency by enhancing the
surface quality. In order to create the tool path effectively and easily, we propose a specific approach for
using the propeller's geometric properties and evaluate the effectiveness of the proposed method by comparing
it with the method of the dedicated module.
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Table 1 Experimental condition

Application method Proposed Module
CAM S/W CATIA HyperMill
Rotating control Fixed Simultaneous
- ToolEndminy  CPer v 1o
Roughing
Spindle  (rpm) 5300 8000
Feed (mnymin) 2120 3200
D.O.C (mm) 1 1
Step over length(mm) 3 1
Rotating control Simultaneous
Tool(Endmill) Taper ball(24-5 )
Finishing Spindle  (rpm) 8000
Feed (mm/min) 3200
Scallop height(mm) 0.01
Machine tool ~ Mytrunnion-5 Work piece  AL6061-T6
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Fig. 1 Schematic of the propeller elements
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tool-path generation and
cutting simulation by proposed method
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tool-path generation and
cutting simulation by dedicated module
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Fig. 9 Finishing tool-path generation and

cutting simulation by proposed method
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Table 2 Measuring result of machining time

Proposed method, Dedicated module,

Item cutting time(min) cutting time(min)
Simulation Real cut Simulation Real cut
Roughing 335 85 95.5 260
(b) Roughing and finishing by dedicated module Finishing 24.5 50 24.0 48
Fig. 11 5-axis machining and processing result Sum 58 135 119.5 308
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(b) Measuring scene
Fig. 12 Measurement of machined shape precision

Table 3 Measuring result of machined shape

precision by 3-D CMM

ltem Proposed method, Dedicated module,
deviation(mm) deviation(mm)

d(1) 0.019 0.015

d(2) 0.049 0.051

d(3) 0.048 0.046

d(15) 0.004 0.012

Mean 0.038 0.041

(a) Measuring scene

Ra 1.783um
Ry 7.724um

>

Surface roughness (um)
& -

02 00 02 04 06 08 1.0 12 14 16

Cutoft, Ac(mm)

18 20 22 24 26

(b) Measuring result
Fig. 13 Measurement of surface roughness

Table 4 Measuring result of surface quality by
surface roughness tester

Proposed method, Dedicated module,

ftem Ra(ym) Ra(ym )
01 1.783 3315
02 1.187 2.365
03 1.778 2.587

Mean 1.58 2.76
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