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Selecting Position of Bearings to Improve Dynamic Characteristics of A High-speed
Milling Spindle

J. S. Lim(KIMM), Y. K. Hwang, W. C. Lee, W. J. Chung, C. M. Lee, (CNU)
ABSTRACT

This paper presents analysis of dynamic characteristics of a high-speed milling spindle with a built-in motor. The
spindle system with a built-in motor can be used to simplify the structure of machine tools, to improve the machining
flexibility of machine tools, and to perform the high speed machining. In this system the shaft is usually assumed as
a rigid rotor. In the spindle system design, it is very important to improve modal characteristics, and modal analysis
is performed in the first place. Therefore in this paper, on the assumption that supporting bearings of spindle was
selected most suitable condition, analyzed dynamic characteristics of a high-speed spindle according to its position.
Optimal design was applicated to select most suitable position of bearings. Considered the mass and stiffness effects
of the built-in motor's rotor are analyzed by numerical method. The result shows the natural frequency of 1st bending
mode of spindle.

Key Words : 115 =3 (high-speed spindle), 21+ %5 <=(natural frequency), X5 S=(modal mode), & 3F2 43}
A (finite element analysis), H]©]® (bearing)
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Fig. 1 The schematic of 24,000rpm spindle system

Fig. 2 Mesh of high-speed spindle for FEM analysis
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Table 1 Material Properties of each part

Density Poisson's
(g/cm?) ratio
spindle 200 7.842 0.29

Part name E(GPa)

rotor 40 7.800 0.3
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Table 2 Table of orthogonal arrays for Le(3")

a9 989 RS dol ]

WeE 1 2 3 4

1 {0 0 0 0| ABoCo = (0,0,0) | Yoo = 464.66
2 |0 1 1 1| ABiCi = (0,1,1) | your = 437.9
3 10 2 2 2| AB:Cz = (0,2.2) | Yoo = 426.74
4 |1 0 1 2| ABoCy = (1,0,2) | yior = 427.69
5 |1 1 2 0| ABiCo = (1,1,0) | yuo = 428.34
6 |1 2 0 1| ABCi = (1,21) | yin = 422.11
7 12 0 2 1| ABoCi = (201) | yan = 426.1
8 |2 1 0 2| ABiCr = (212) | yarr = 41454
9 |2 2 1 0| AB:Co = (22,0) | yao = 416.19
712l a b a a T=3864.27
A b b"g

WA | A B e C

Table 3 Analysis of variance table for Lo(3")

29l s ) % E(V) Fo
A | 92482 | 2 | 46241 | o%+30% | 10577
B | 50216 | 2 | 25108 | 0%+30% | 5743
C | 2nms57 | 2 |135785| o%+30% | 3.106
Q2HE)| 87.44 | 2 | 4372 0%
T 178599 | 8
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