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A Study on the Dynamic Characteristics
of a Motor-Integrated High-Speed Spindle System with ¢ 65mm X 25,000rpm

0183, ZMY (HITuhstn J|AMAED), UehY, I (HSLEZY SEHIIAAF L)

Yong-Hee Lee, Seok-Il Kim (Mechanical Design & Engineering Dept., Hankuk Aviation Univ.),
Tae-Hyung Kim, and Jae-Yong Ha (Machine Tool Lab., Daewoo Heavy Industries)

Abstract

A motor-integrated high-speed spindle system with ¢65X25000rpm is modeled for analytical and
experimental studies related to the dynamic characteristics. And the systematic and rational identification
processes for evaluating the material properties of spindle and built-in motor is introduced. The impulse
excitation method is applied for the experimental modal testing, and the dynamic characteristics of test
model is theoretically analysed by using the finite element method based on Timoshenko theory.
Especially, the experimental and theoretical results reveal that the test model under the required
operational conditions has no critical problem for dynamic characteristics.

Keyword : &2 7] A (Machine Tool), 2 & % & (Motor-Integrated), 145 % 7 (High-Speed Spindle System),
%5 54 (Dynamic Characteristics), 2 % A E & &(Oil-Jet Lubrication), Agl2] d@e2de 2
t}o} & (Ceramic Angular Contact Ball Bearing)
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Table 1 Specification of spindle system

Item Specification
Spindle Speed 3,500 ~ 25,000rpm
DmN Value Max. 2,062,500

Tool HSK63 (DIN69393)
Built-In Motor 18.5/22kW

Front |Ceramic Angular Contact Ball Bearing (¢ 65, 4EA}
Rear |Ceramic Angular Contact Ball Bearing (¢35, 2EA)

Bearing

Lubrication Method Oil-Jet Lubrication

Bearing Preload Constant Position

Cooling Method |0il Cooling Jacket for Motor Housing

Clamping Force 2,000kgf

Runout *3 1 m Below

Position Sensor Position Coder

Acc. LIS

Force =8
Charge Amp.

FFT Analyzer Computer  Output

Fig.1 Schematic diagram for modal testing

Fig.2 Experimental apparatus for modal testing
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Table 2 Comparison of natural frequencies for
spindle only (Free-free support)

Natural Frequency (Hz)
Measured Predicted
First Mode 736 739
Second Mode 1,888 1,869
Third Mode 3,344 3,339
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Fig.3 Comparison of compliances for spindle
only (Free-free support)
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Fig.4 Comparison of first mode shapes for
spindle only (Free-free support)
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Figb Comparison of second mode shapes for
spindle only (Free-free support)
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Fig.6 Comparison of third mode shapes for

spindle only (Free-free support)
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Table 3 Comparison of natural frequencies for
motor-integrated spindle (Free-free
support)

Natural Frequency (Hz)
Measured Predicted
First Mode 816 816
Second Mode 1,712 1,844
Third Mode 3,456 3,142
10-5 T T T T
-------- Measured
—— Predicted

— 10 6 E

E R

£

o 10°7F 1

Q

g

! Bl

g 10 E

Q

)

]0—9 2 E
10 10 . . g .
0 1,000 2,000 3.000 4,000 5,000

Frequency (Hz)

Fig.7 Comparison of compliances for motor—
integrated spindle (Free-free support)
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Fig.8 Comparison of first mode shapes for

Normalized Mode Shape
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Fig.9 Comparison of second mode shapes for

motor-integrated spindle (Free-free
support)
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Fig.10 Comparison of third mode shapes for
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Table 4 Comparison of natural frequencies for
motor-integrated spindle system

Natural Frequency (Hz)
Measured Predicted
First Mode 544 543
Second Mode 1,168 1,229
Third Mode 1,584 1,584
Fourth Mode 2,000 1,899
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Fig.11 Comparison of compliances for motor—
integrated spindle system
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Fig.12 Predicted mode shapes for motor-
integrated spindle system
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