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Chﬁllenge to develop high-precision boring tools based on self-excited vibration
theory
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Theoretical analysis was performed using genetic algorithm to determine the
angular arrangement of irregular-pitch reamer that can suppress the polygonal formation phenomenon
of borehole with 4, 6, 7, and 8-flute reamers. As a result, it was found that the effect of
optimized angular arrangement of cutting edges can reduce instability, and that there exists an
angular arrangement that can stabilize polygonal deformation with 6, 7, and 8-flute reamers.
Experiments were conducted using the irregular-pitch reamers with the optimized angular arrangements

and regular-pitch reamers with even-pitch cutting edges. It was found that the roundness of the
irregular-pitch reamer was significantly improved compared to that of the regular-pitch reamer. An
evaluation criterion that is not dependent on the number of cutting edges was also proposed.
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1 Angular arrangement of cutting edges (n=4)
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Number of cutting edges Tool Angular arrangement  deg Omax
4 Tool 4A 90, 90, 90, 90 4.73x107°
Tool 4B 44, 86, 81, 149 1.64x107°
6 Tool 6A 60, 60, 60, 60, 60, 60 3.74x107°
Tool 6B 66, 36, 78, 87, 44, 49 -2.32x10™
7 Tool 7A 51, 52,51, 52, 51, 52, 51 3.41x107°
Tool 7B 43, 90, 47, 30, 48, 72, 30 -8.68x10°°
8 Tool 8A 45, 45, 45, 45, 45, 45, 45, 45 3.19x107?
Tool 8B 30, 57, 46, 47, 37,64, 48,31 | —9.42x107
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1 Relationship between maximum real part and imaginary part of characteristic root
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2 Experimental conditions
Number of cutting edges 4 6 7 8
Spindle speed rpm 3200 9600 | 2000 6000 | 1333 4000 1333 4000
Feed per revolution | mm/rev | 0.067,0.2,0.4 | 0.1,0.3,0.6 0.133,0.4 0.133,0.4,0.8
Hole length mm 24 24 36 36
Hole diameter mm 5 8 12 12
Workpiece material FC250
Cutting ail FGE207
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2 Amplitude of each number of polygon sides
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