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Thermal Characteristics Analysis of a High-Speed HMC

Seok-Il Kim" and Ha-Kyoung Seong™

Abstract

This paper presents the thermal characteristics
analysis of a high-speed HMC(horizontal machining
center) with spindle speed of 30,000rpm and feed
rate of 40m/min. The spindle speed is achieved by
introducing angular contact ball bearings, oil-jet
lubrication method, oil jacket cooling method, and
so on. The spindle system is a motor-separated type
composed of the main spindle and sub-spindle
which are mechanically connected by the 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 HMC 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
spindle speed and feed rate.
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Fig. 1 High-speed HMC

Fig. 2 High-speed spindle system
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Fig. 3 FEM model of HMC
Table 1 Node and elements of FEM model
Node Number 238,412

Shell Element (Shell 57)

18,768

Element
Ne " Solid Element (Solid 90) | 117,958
umber Summation 136,726
Table 2 Material properties of HMC elements
Density 7,897 kg/m’
GC300 Thermal conductivity 62.8 WmT
Density 7,833 kg/m’
SCM440 Thermal conductivity 62.8 W/mC
Fe-Si Density 7,833 kg/m’
Thermal conductivity 62.8 W/mT
Cu Density 8,714 kg/m’
Thermal conductivity 70.9 W/mC
SUR2 Density 7,833 kg/m’
Thermal conductivity 62.8 W/mTC
SN Density 3,200 kg/m’
e Thermal conductivity 0477 WimC
Table 3 Material properties of oil
Dynamic viscosity 1.5 cts
Specific heat 0.7 keal’kgT
Density 900 kg/m’
Table 4 Flow rate of oil
65BNRX10 1.5 £/min/EA
S5BNRX10 1.5 ¢/min/EA
40BMRS10 0.75 £/min/EA
35BNRS10 0.75 £/min/EA
Qil jacket of main spindle 3 ¢/min
Qil jacket of sub-spindle 15 £/min
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Fig. 4 Heat generation rate of built-in motor
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Fig. 5 Heat generation rate of spindle bearings
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Fig. 6 Heat flow of spindle bearing 65BNRX10
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Table 5 Heat generation rate of feed mechanisms

Feedrate (m/min)
10 20 30 40
Ballscrew nut 4.6W| 9.2W{13.9W18.5W
X-axis Left support bearing | 3.2W| 6.4W| 9.6W|12.8W
Right support bearing| 6.5W|13.1W|19.6W|26.1W
LM pguide block 1.OWj 1.9W] 29W| 3.9W
Ballscrew nut TAWI14.2W[21.4W|28.1W
LM guide block 0.4W| 0.7Wy 1.1W} 1.5W
Ballscrew nut 42W| 8.4Wi12.7W! -
Z-axis Support bearing 54W|109WI163W| -
Guide way 18.4W|36.4W(55.2W| -

Y-axis

Table 6 Heat generation rate of servo motors

Feedrate (m/min)
10 20 30 40
X-axis 2.9 5.8 8.8 11.7
Y-axis 1.4 29 4.3 5.7
Z-axis 1.8 3.7 5.5 -
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Fig. 7 Temperature rise of 'spindle nose
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Fig. 8 Temperature rise of X-axis feed mechanism
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