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A Study on Select Bearing Position of High Speed Spindle

Considering the Thermo Behavior

Su Seong Park*, Won Jee Chung’

Abstract

The thermal deformation of machine tool spindle influences the performance of the manufacturing systems for precision
products. According to previous studies, major factors that will affect the stiffness of the spindle include spindle diameter,
elasticity of the material, bearing stiffness and bearing span. It is difficult to change spindle diameter or elasticity of the
material. but change of bearing position is easy in the given range compared to other factors.

In this paper, we will find a solution to minimize thermal deformation through Change the span of the bearing.
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Fig. 1 Schematic diagram of spindle system
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Fig. 2 FE model of spindle system using ARMD
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Fig. 4 Schematic diagram of béan'ng position

Table 1 Material properties of the spindle system

Density | Specific heat | Thermal conductivity
p Cp ~ k
(kgm’) | (/kg°C) (Wim*C)
Housing 7817 446 52
Rotor 6250 590 90
Stator 8124 437 148
Axis 1.165 1006 0.026
Air 7769 473 43
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Table 2 Initial value and levels of experiments

(unit : mm)
Initial Lower Upper
Value Bound Bound
FB1 53 48 58
FB2 34 74 84
RB1 300.5 295.5 305.5
RB2 330.5 330.5 340.5
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Fig. 8 Optimized approximation model
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Table 4 Initial values and optimized approximation values

Optimized Optimized
Initial Approximation Approximation
Value Value of Value
(mm) Deformation (Natural Frequency
(mm) (Hz )
FB1 53 58 49.99
FB2 84 74 8297
RB1 300.5 297.72 297.85
RB2 330.5 340.13 330.5

Table 5 Comparison of result using initial value and optimized
approximation value

Initial Optl@zeq Optimization
Value Approximation Rat
Result Result ¢
Deformation
27.16 26.004 423%
(¢em)
Natural
Frequency 520.18 625.88 16.89%
(Hz)

Fig. 10 Result of optimized approximation using ANSYS
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Fig. 11 Result of optimized approximation using ARMD
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Fig. 12 Main effects plot for SN ratios

Table 6 Initial values and optimized approximation values

(unit : mm)
Initial Optimized Approximation
Value Value
FB1 53 56.48
FB2 84 75.62
RB1 300.5 298.63
RB2 330.5 335.35

Table 7 Comparison of initial value and optimized approximation

result
Initial timi
it Op m.nze(.i Optimization
Value Approximation Rat
Result Result ate
Def ti
crormation 27.16 26.501 2.42%
(¢m)
Natural
Frequency 520.18 593.6 12.37%
(Hz)
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