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Evaluation of vibration property and machinability of spindle system in high speed machining center
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ABSTRACT

The high speed machining center(HMC) has been widely applied to manufacture a die and trial product in many machine
industry. Because the evaluation for the HMC is not sufficiently performed and the efficient cutting conditions aren’t selected
a great loss has been caused in the cost aspect. In this study, the need of preliminary running time and unstable spindle speed
is presented from the analysis of acceleration in idling. The Machinability for the TiAIN coated flat end mill and
STD11(HgC60) is evaluated from the trends of tool wear and cutting force according to cutting conditions and slenderness
ratio and a low response of tool dynamometer in high speed is proved. The resonance spindle speed is identified through the
tool wear and natural frequency test.
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Fig. 1 Experimental setup

Table 1 Specification of instrument

Instrument Specification
Mikron UCP710 : 42,000rpm
Makino V-55 : 20,000rpm

Lecroy9300A, 200MHz

Machining center

Oscilloscope

Tool dynamometer 3-axis force sensor(9251A}

FFT B&K Dual channel type2034
Impact hammer PCB 086B04

CCD Neocom( x 200)

Accelerometer B&K 4393, Resonance freq.=55kHz
Tool TiAIN coated, 4 flute flat endmill
Tool holder HSK40E, BT40

Workpiece STDI11(HgC 60)
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Fig. 2 Acceleration property according to spindle speed
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Table 2 Cutting condition
. Feed pertooth | Radialdepth | Spindle speed
Experiment (mmvtooth) (mm) (pm)
Feed per tooth 0.02, 0.04,
ation 0.06 0.04 25,000
Radial depth 0.02, 0.04,
Variation 0.04 0.06 25,000
Spindle speed 2,000~-40,000
variation 0.04 0.04 (Step 2,000)
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Fig. 3 Trends of cutting force and acceleration
according to cutting conditions

Table 3 Cutting condition

. Feed pertooth | Radial depth | Spindle speed
Experiment (mm/tooth) (mm) (rpm)
Spindle speed 10,000, 20,000

variation 0.05 0.05 30,000
Constant 0.09, 0.045 005 10,000, 20,000
feedrate 0.03 ! 30,000
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Fig. 4 Tool wear trends according to spindle speed
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Fig. 5 Tool wear trends in constant federate
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Fig. 6 Radial cutting force according to spindle speed
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Fig. 7 Radial cutting force in constant federate
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Fig. 8 Feed cutting force according to spindle speed
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Fig. 9 Feed cutting force in constant feedrate
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Table 4 Natural frequencies of spindle

Order | Natural frequency(kHz)
1 1.76
2 3.00
3 3.74
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Fig. 11 Comparison of tool life in 20,000rpm
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Fig. 12 Tool wear trends according to tool overhang,
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radial and axial depth
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Fig. 13 Tool life comparison according to tool overhang,
radial and axial depth.(Wear criteria : 0.26mm)
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