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Thermal Characteristics Analysis of a High-Speed Motor-Separated Spindle System
Using Oil-Jet Lubrication Method

Seok-Il Kim*, Ki-Tae Kim"~

{ Abstract j

This paper presents the thermal characteristics analysis of a high-speed motor-separated spindle system consisted of angular
contact ball bearings and built-in motor with oil-jet lubrication. The spindle system is composed of the main spindle and
sub-spindle which are mechanically connected by a flexible coupling. The spindles are supported by two front and rear
bearings, and the built-in motor is located between the front and rear bearings of the sub-spindle. The thermal analysis
model of spindle system is constructed by the finite element method, and the thermal characteristics in the design stage
are estimated based on temperature distribution and heat flow under the various testing conditions related to material of
bearing ball, spindle speed and coolant temperature.
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Fig. 1 High-speed motor-separated spindle system
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Fig. 2 Analysis model of spindle system (section view)
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Table 1 Material properties of spindle elements

8252 Table 39] 4

AR A

Density 7300 kefo’
GC300
Thermal conductivity 55.8 WimC
Densi 7,860 }
SCM440 i kgjm
Thermal conductivity 427 WimT
_ Density 7,700 kg/m’
Fe-Si
Thermal conductivity 2.7 WimC
C Density 8,930 ke/n?
i
Thermal conductivity 393.1 WimC
Density 7,860 1
SuR i kg
Thermal conductivity 419 WimC
, Density 3,200 kg/m’
Sl}Nd, N
Thermal conductivity 293 WimC

Table 2 Material properties of oil

Dynamic viscosity 1.5 ¢St
Specific heat 0.7 kealkgC
Density 900 kgfm'

Table 3 Flow rate of oil

GSBNRX10 1.5 2 /min/EA
55BNRX10 1.5 ¢ /imi/EA
40BNRS10 0.75 2 fmin/EA
35BNRS1O 0.75 2 /minVEA
Oil jacket of main spindle 3 ¢ /min
Oil jacket of sub-spindle 15 £ /min
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