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Thermal Characteristics of the High Frequency Motor Spindle according to
the Bearing Preloads and Cooling Conditions

D. B. Choi*, S. T. Kim', S. H. Jung', J. H. Kim", Y. K. Kim""

! Abstract I

The important problem in the high speed spindles is to reduce and minimize the thermal effect by the motor and ball
bearings. Thermal characteristics according to the bearing preload and hollow shaft cooling are studied for the spindle
with the oil mist lubrication and high frequency motor. Temperature distribution and thermal deformation according to
the spindle speed, preload and flow rate are measured by thermocouple and gap sensor. Temperature distribution and
thermal deformation are analyzed by using the finite element method. The results of analysis are compared with the
measured data. This paper show that the suitable preload and hollow shaft cooling are very effective to minimize the
thermal effect by the motor and ball bearings. This study indicates that temperature distribution and thermal deformation
of the high speed spindle system can be estimated reasonably by using the three dimensional model through the finite
element method and supports thermal optimization and more effective cooling method.
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Fig. 1 Schematic diagram of the high speed spindle
system
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Fig. 2 Photograph of the experimental setup

Table 1 Specification of the experimental
equipment

Item Specification

variable preload spindle
(KOSPIN CO., Ltd)

dismeter : 138 mm
length : 515 mm

Spindle

Spindle dimension

Spindle speed max 18,000 rpm
Bearing 7011, 7007
Bearing lubrication Oil mist
Thermocouple T type
Displacement sensor gap sensor

Data acquisition device] Hp/Agilent 34970A

Qil cooler KD-55K
Inverter OD-22040-KR
Compressor S20-40-2hp
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Table 2 The test conditions

Spindle speed rpm)] 10000, 15000, 18000
Preload (N) 290, 510, 730, 950
Cooling | 3.7, 6.7, 9.7,
Cooling flow rate | jacket 12.7
(I/min) Hollow
0,16, 23, 30
shaft
Cooler temp. (T) Atmosphere-2
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Fig. 3 FEM model of the high speed spindle system
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Table 3 Heat generation of the built-in motor

Spindle speed (rpm) | Stator (W) | Rotor (W)

10000 578 289
15000 866 433
18000 963 482
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Fig. 4 Temperature distribution of the spindle at
18,000rpm

Fig. 5 Thermal deformation of the spindle at
18,000rpm
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Fig. 6 Temperature rise of spindle according to
the rotation ( Preload : 230 N )
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(b) The rear bearing
Fig. 7 Temperature rise of the bearing according
to the spindle speed and preload
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Fig. 8 Displacement of z axis according to the
spindle speed and preload
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Fig. 9 Comparison of temperature rise and
displacement according to the flow rate of cooling
jacket at 18000 rpm
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Fig. 10 Comparison of temperature rise and
displacement according to the flow rate of hollow
shaft at 18000 rpm
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