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Analysis of Dynamic Characteristics of A High-speed Milling Spindle
with a Drawbar and a Built-in Motor

J. S. Lim(Material Processing Research Center, KIMM),
C. M. Lee, (Dept. of Mech. Design & Manufacturing, CNU), W. J. Chung(Dept. of Mechatronics, CNU)

ABSTRACT

This paper presents analysis of dynamic characteristics of a high-speed milling spindle with a drawbar and 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 this paper, the modal characteristics of drawbar in high-speed milling spindle
system due to supporting stiffness between drawbar and shaft and considering the mass and stiffness effects of the
buiit-in motor's rotor are analyzed by numerical method. The result shows 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 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
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Table 1 Material Properties of each part
Density Poisson’s
Part name E(GPa) N .
(g/em’) ratio
spindle 205 7.817
drawbar 205 7.817
03
tool shank 205 10.311
motor 213 7.817
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Fig. 3(a) Ist mode shape of the spindle without drawbar
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Fig. 3(b) 2nd mode shape of the spindle without drawbar
[2000H 2}

Fig. 3(c) 3rd mode shape of the spindle without drawbar
[3560H]
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Fig. 4(c) Mode shape with drawbar
[3rd drawbar mode, 2285Hz]

Fig. 4(d) Mode shape with drawbar
[1st spindle+drawbar, 898.5Hz]

Fig. 4(e) Mode shape with drawbar

[2nd spindle+drawbar, 1799Hz]

Fig. 4(f) Mode shape with drawbar
[3rd spindle+drawbar, 3002Hz}
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Fig. 5(a) Mode shape of the spindle with drawbar and
motor[1st spindle, 293Hz]}

Fig. 5(b) Mode shape of the ‘spindle with drawbar and

motor{2nd spindle, 563.3Hz]
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Fig. 5(c) Mode shape of the spmdle with drawbar and
motor{3rd spindle, 971Hz]

Table 2 Results of mode analysis of the spindle

Part name spindle with drawbar | with motor
Ist mode 956 Hz 898.5 Hz 293 Hz
2nd mode; 2000 Hz 1799 Hz 563.3 Hz
3rd mode | 3560 Hz 3002 Hz 971 Hz
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