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A Study on the Analysis of 20,000rpm Heavy-Cutting Spindle for Precision Machining
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A spindle unit is very important in machine tools. It has a direct effect on machining accuracy. The
static and dynamic characteristics of the spindle unit should be considered in the initial design
stage for manufacturing of precision product. This study describes an investigation for deriving
design stability of a 20,000rpm heavy-cutting spindle for precision machining. Static and dynamic
characteristics of the spindle, such as deformation, stress, natural frequency and mode shapes
are analyzed using finite element analysis. The 20,000rpm heavy-cutting spindle is confirmed that
it is successfully designed through finite element analysis.
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Fig. 1 The schematic of the 20,000rpm spindle system

Table 1 Specification of the spindle system

Item Specification
Max. speed 20,000rpm
Bearing Supe.r-precision angular contact ball
bearing
Preload Constant pressure preload
Lubrication Oil-jet
Shaft interface | BBT 40

bearing

Fig. 2 Finite element model of the spindle system

Table 2 Material properties of the spindle unit

Part Young’s modulus Densigy Poisspn’s
[GPa] [kg/m”] ratio
Shaft 205 7,850 0.29
Rotor 203 6,250 0.30
Bearing 205.8 7,860 0.30
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(a) Maximum deformation

(b) Maximum stress

Fig. 3 Analysis result of 10,000 rpm
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(a) Maximum deformation

(b) Maximum stress

Fig. 4 Analysis result of 15,000 rpm

ZF 10,000 rpm, 15,000rpm, 20,000rpm & 2 3
slo] XS sl A= 72H7) Fig 3%

4 18]35 Fig. 594 #o] vehyith

(a) Maximum deformation

(b) Maximum stress

Fig. 5 Analysis result of 20,000 rpm

Table 3 The results of the spindle analysis

rpm Maxir.num Maximum
Deformation[um] Stress[MPa]
10,000 3.84 16.93
15,000 5.43 37.92
20,000 7.68 65.95

Table 3= =452 7} rpmY HU P Hj

S9S A 23} o|t} 20,000pm T5 Al HU
Ay a3 o] UElRta, AR # X
A A Eo] 7.68um = W3 o] dojyton] Hu)
292 65.95Mpa & LEFRTH
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Fig. 6 FE model for the rotor-shaft-bearing

Table 4 The results of the spindle frequency analysis

Mode Frequency[Hz]
1 497.87
2 849.32
3 67,905

Table 5 The result of the spindle mode shape

Mode mode shape
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