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Thermal Characteristics Analysis of 30,000rpm High Speed Spindle
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Thermal displacement of high speed spindle is very important problem to be solved. To solve heat
generation and thermal displacement problems that influence on the product accuracy, it is very
important to predict thermal characteristics of the spindle and it is positively necessary to select
the conditions of cooling, flow rate and preload of bearings. In this paper, 30,000rpm(1.455
x10°DmN) spindle was designed and produced. The analysis of thermal deformation for heat
generation of inner spindle was carried out using commercial program ANSYS® and the result
was compared with measured data using LabVIEW® and SCXI-1600, 1125 and 1126 module.
Temperature distribution and thermal displacement according to spindle speed are measured.
Using this method, it is possible to predict and to improve thermal characteristic of high speed
spindle by control spindle speed, bearing preload and cooling rate.
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Fig. 2 3D model of 30,000rpm spindle system for thermal

displacement analysis
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Table 1 Analysis and test conditions

Spindle speed[rpm] 10,060, 20,000, 30,000

Bearing preloadkgf] 5
Cooling rate[l/min] 3.9
Cooler temp.[ C] 5C
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Table 2 Heat generation of angular contact ball bearing

Spindle speed[rpm] 10,000 | 20,000 | 30,000
Gyroscopic moment 229 882 1984
IN.mm]
Viscous friction moment 30.05 | 4289 510
IN.mm]
Load friction moment 78] 781 781
IN.mm]
Quotal [W] 42.02 | 124.60 | 246.96
Tn[W/m?*] |30999.533961.7| 37355.2
Heat flux
Out[W/m*] |26278.5|28757.9131631.49
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Table 3 Heat generation of the built-in motor

Stator[W/m?] | Rotor[W/m?]

Spindle speed[rpm]

10,000 29,408 32,854

20,000 47,420 52,975

30,000 61,971 69,232
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Table 4 Specifications of the experimental equipment

Item Specifications
32E type 30,000rpm Spindle
D:150mm, L:455mm
Max. 30,000rpm

Spindle

Spindle dimension

Spindle speed

Bearings HYSM 6007C, D:35mm
Bearing lubrication Oil-Air
Thermocouple T, K type

Displacement sensor AEC Gap sensor PU-05

SCXI-1600, 1125, 1126

Data acquisition device

Oil cooler CJOC150-AP
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Fig. 3 (a) Picture of experimental set-up, (b) Details of
gap-sensor installation

Fig. 4 Front panel of data acquisition program
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Fig. 5(a) Temperature distribution spindle at

10,000rpm
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Fig. 5(b) Temperature distribution of spindle at
20,000rpm
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Fig. 9 Thermal displacement of X, Y and Z —axis
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Fig. 8(a) Thermal displacement of spindle at 10,000rpm
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Fig. 8(b) Thermal displacement of spindle at 20,000rpm
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