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Effects of a drawbar and a rotor in dynamic characteristics
of a high-speed spindle

Jeong-Suk Lim”, Won-Jee Chung* ,

Choon-Man Lee" and Jung-Hwan Lee™

ABSTRACT

The spindie 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. For more quantitative
analysis of a built-in motor's dynamic characteristics, that of the mass and stiffness effects are considered. And
the drawbar in the spindle can be in various condition according to supporting stiffness between drawbar and

shaft. Therefore,

in this paper following items are performed and analyzed : 1.

Modal characteristics of the

spindle. 2. Analysis of rotor's mass and stiffness effects. 3. Modal characteristics of the spindle including
drawbar, rotor and tool. The results show enough stiff supports must be provided between shaft and drawbar to
prevent occurring drawbar vibration lower than the natural frequency of Ist bending mode of the spindle, and
considering the mass and stiffness of built-in motor's rotor is important thing to derive more accurate results.
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Fig. 1 The schematic of 20,000rpm spindle system
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Fig. 2 3D mesh of spindle with drawbar and rotor for
FEM analysis

Table 1 Material properties of each part

operties E(GPa) De/nsit}y Poisson's
Part name (g/em’) ratio
Spindle 205 7.817
Drawbar 205 7.817
0.3
Tool shank 205 10.311
Motor 21.3 7.817
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Fig. 6(d) Ist mode shape of the spindle and drawbar
Fig. 3(b) 2nd mode shape of the spindle[2005Hz] [1000Hz]

Fig- 3(c) 3rd mode shape of the spindle[3568Hz] Fig. 6(¢) 2nd mode shape of the spindle and drawbar

[1968Hz]

Fig. 6(f) 3rd mode shape of the spindle and drawbar
[3292Hz}

Fig. 4 Drawbar's supporting point in the spindle system
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Fig. 7(c) 3rd mode shape of the drawbar[2005Hz)

Fig. 7(d) 1st mode shape of the spindle and drawbar
[783Hz]

Fig. 7(e) 2nd mode shape of the spindle and drawbar
[1572Hz]

Fig. 7(f) 3rd mode shape of the spindle and drawbar
[2632Hz]

Table 2 Comparison of Natural frequency of spindle
which has a tool shank or not

Part | prawbar Spindle | Drawbar ‘Spindle
Tool :
Mode X X o o
1st mode 616 1000 516 783
2nd mode 1369 1968 1187 1572
3rd mode 2285 3292 2005 2632
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Fig. 8(d) 1st mode shape of the spindle and drawbar
[899Hz]

Fig. 8(e) 2nd mode shape of the spindle and drawbar
[1806Hz]

Fig. 8(f) 3rd mode shape of the spindle and drawbar
- [3023Hz]
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shank | prawbar | Spindle | Drawbar Spindie
iffness
Mode IN/gm IN/gm | 10N/gm | 10N/gm
Ist mode 516 783 593 899
2nd mode 1187 1572 1364 1806
3rd mode 2005 2632 2302 3023
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Fig. 9(d) Ist mode shape of the spmdle and drawbar

[294Hz]

Fig. 9(e) 2nd mode shape of the spindle and drawbar

[566Hz]

Fig. 9(f) 3rd mode shape of the spindle and drawbar

[977Hz]
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Table 4 Natural frequency of the spindle for each

condition
ondition | e with | with drawbar
P drawbar & rotor
Mode
Ist mode 956 899 294
2nd mode 2000 1806 566
3rd mode 3560 3023 977
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