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Machinability evaluation and development of monitoring technique in high-speed machining
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ABSTRACT

The high speed machining which can improve the production and quality in machining has been adopted
remarkably in die/mold industry. As the speed of machine tool spindle increases, the machinability evaluation and
monitoring of high speed machining is necessary. In this study, the machinability of 30,000rpm class spindle was
evaluated by using the developed tool dynamometer and the machining properties of high hardened and toughness
materials in high speed were examined. Finally, the in-process monitoring technologies of tool wear were presented
through the prediction by the experimental formula and pattern recognition by the neural network.
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Fig. 1 Experimental setup for machinability evaluation

Table 1 Specification of instrument

Instrument Specification

MAKINO V-55(20,000 rpm)

MIKRON UCP-710(42,000 rpm)

Taylor Hobson(2D, 3D)

Olympus, Optical(x 500)

Oscilloscope Lecroy9300A, 200Mlz

CCD PULNIX Lens(x 200)

Tool dynamometer | 3-axis force sensor(9251A)

Accelerometer B&K 4393, Resonance freq.=55kk

Tool WC(TiAIN coated and uncoated), 4 flute flat endmill
STDI11(HRc15, HRc60), SUS304

Machining center

Surface tester
Microscope

Workpiece
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Table 2 Efficient parameters for tool wear

signal Parameter Nomenclature No.
Radial cuttin
force & F. 1
Cutting Feed cuttin
force force Fr 2
Resultant
cutting force RF 3
4th order
. frequency As 4
Acceleration
8th order As 5
frequency
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Table 3 Cutting conditions

Experiment Fy(mm) Di(mm) D{mm) S.(rpm)
F. variation %?82;885 10 0.04 25,000
Dr variation |  ©0.04 10 %?50“8.83 25,000
S. variation | 002 10 0.04 s‘g(t)g;éi%ggo

where, F, : Feed per tooth, D, : Radial depth
D, : Axial depth, Ss : Spindle speed
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Fig. 5 Tendency of Cutting force
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Table 5 Tool wears predicted by experimental formula
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Table 6 Comparision of measured and predicted pattern
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Fig. 10 Result of pattern recognition
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