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Dynamic Analysis of a High Speed Spindle system for Lathes
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Abstract

A high metal removal rate and a high machining accuracy can be achieved by the high speed
cutting. Therefore a great deal of attention has been focused on the development of a high speed
spindle system for machine tools. In this study, the finite element method based on the Timoshenko
beam theory is introduced to analyze the dynamic characteristics of the high speed spindle system for
lathes which have the heavy chuck and workpiece at the spindle nose. And a bearing is modeled as
the stiffness and damping coefficients in the radial and moment directions. Also the effects of the
spindle speed, bearing coefficients, bearing span and material damping factors are estimated on the
natural frequency and damping ratio of the high speed spindle system for lathes.
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Fig.l Finite element model of high speed spindle
system
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Table 1 Material properties of spindle

Elastic modulus Poisson’s Ratio Density
E (GN/m?) v o (Kg/m’)
205.8 0.3 7870
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Table 2 Dimensions of spindle

Element Number Diameter Length

(mm) (mm)
1 320 400
2 80.0 400
3 70.0 100
4 450 155
5 400 95
6 400 400
7 300 40.0
8 300 720
9 300 300
10 250 120
1 200 160

Table 3 Bearing cofficients in simulation model

Bearing coefficient Front bearing Rear bearing
Radia] stiffness coefficient  Kg (MN/m) 2358 87.60
Radial damping coefficient Cp (KNs/m) 5.062 1230
Moment stiffness coefficient Ky (KNm/rad) TT08 3371
Moment damping coefficient Cn (Nms/rad) 5310 12.18
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