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A Study on the Thermal Characteristics of the High Speed
Spindle considering Heat Transfer

NAZ(ZFAd disd), AT EEA), AdSEKIMM), A3 (d$-F3T9)
Kyong—-Kun Baek, Soo—Tae Kim, Dae-Bong Choi, Tae-Hyong Kim

ABSTRACT
Unsteady-state temperature distributions and thermal

deformations in high speed spindle are studied. For the
analysis, three dimensional model is built considering heat
natural and forced
distributions

transfer characteristics such as

convection coefficients Temperature and
thermal deformations are analyzed by using the finite
element method. Results of analysis are compared with the

measured data.
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Fig. 1 FEM model of the spindle system
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Table 1 The properties of materials

operty| Density | Specific ’I‘hemfa'l

[ke/m’] heat conductivity

£ kg - ] [Was/m - C]
Housing 7272 420 52
Rotor 6250.4 590.8 90.6
Stator 81245 437.2 148.8
Air 1.165 1006 0.026
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Qo = Quaa + Quiscosity T @ gyroscoric [ W]

Table 2 Heat generation rate of bearing

Front Bearing( ©65) |Rear Bearing( @55 )
om Qtota](W) Qtotal(W)
1250 7.36 542
10000 10797 814
14000 182.66 137.92
20000 317.22 244.26
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Fig. 2 Temperature rise versus time at
10000rpm (Numerical data)
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Fig. 3 Temperature distributions at 10000rpm
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Fig. 4 Temperature rise versus time at
20000rpm (Numerical data)
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Fig. 5 Temperature distributions at 20000rpm



Table 5 Temperature comparison experimental

results with numerical results

Measuring 10000 rpm 20000 rpm
position Exp. | Analysis| Exp. | Analysis
Pointl 75 9.34 21.2 22.08
Point2 70 8.95 20.1 20.45
Point3 11.25 15.63 30.0 21.39
Point4 15.2 19.37
Pointb 21.0 17.73
Point6 180 11.0
Point7 14.8 16.3
Point8 58 13.96
Point9 31.0 13.2
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Fig. 6 Thermal Displacement at 10000rpm
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Fig. 7 Thermal Displacement at 20000rpm
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