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Thermal Characteristic Analysis of a High-Speed Horizontal Machining Center
with Built-in Motor and Linear Motors

Seok-Il Kim*, Jae-Wan Cho"

I Abstract |L

This paper presents the thermal characteristic analysis of a high-speed horizontal machining center with spindle speed
of 50,000rpm and feedrate of 120m/min. The spindle system is designed based on the built-in motor, angular contact
ceramic ball bearings, oil-air lubrication and oil-jacket cooling method. The X-axis and Y-axis feeding systems are composed
of the linear motors and linear motion guides, and the Z-axis feeding system is composed of the servo-motor, ball screw
and linear motion guides. The thermal characteristics such as the temperature distribution, temperature rise, thermal deformation
and step response, are estimated based on the finite elermnent model of machining center and the heat generation rates
of heat sources related to the machine operation conditions. Especially, the thermal time constant assessed from the step
response function is introduced as an index of thermal response characteristics.
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Table 1 Material properties of HMC
.| Youngs| . | Thermal | Therma! | Specific
Density modulus POI:ZOUS conduct. |expansion| heat
k)| Gpay | ™5 | wimD)| (wT) | 0ke)
GC300| 7,300 | 90.0 | 025 558 | 17.1 565
SCMa40( 7,860 | 205.8 | 0.30 427 | 104 473
SM45CY 7,817 | 209.0 | 0.28 519 | 105 486
Fe-Si | 7,700 | 213 | 030 271 150 471
Cu | 8930 | 1226 | 034 | 3975 | 165 385
SUJ2 | 7,860 | 205.8 | 0.30 419 | 125 473
SisNg | 3,200 { 314 | 025 29.3 3.0 795
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Table 2 Material properties of oil

Dynamic viscosity 1.5¢St
Specific heat 0.47keal/kgC
Density 900kg/m’

Table 3 Flow rates of oil

Front bearing (45SBNR19H) 0.0075cc/min/EA
Rear bearing (40BNR19H) 0.0075cc/min/EA
Oil jacket of front bearing 74 /min
Oil jacket of rear bearing 5.¢ /min

Oil jacket of motor 12 ¢ /min
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Fig. 6 Heat generation rate of spindle system
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Fig. 7 Heat generation rate of X/Y-axis feeding system
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Fig. 8 Heat generation rate of Z-axis feeding system
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