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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"

{ Abstract lr

This paper presents the thermal characteristic analysis of a high-speed horizontal machining center with spindle speed
of 50,000rpm and feedrate of 120mvmin. 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 element 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.

Key Words : Horizontal machining center (3% ™A|'JALE)), Built-in motor (%% ZE]), Linear motor (2|10} X&), Angular
contact ceramic ball bearing (¥28 ZYE Agty] £ wojg), Oil-air lubrication (2Y-oo] 22}, Thermal
characteristics (& £4)), Temperature rise (& 4}4), Thermal deformation (& %), Thermal time constant{ @ A A4
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Fig. 3 Linear motors (lower/upper : X-axis/Y-axis)
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Table 1 Material properties of HMC

Densit Young's Poisson's Thermal Thema] Specific
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(GPa) (WmC)| (1w C) |UkgC)
GC300¢ 7,300 | 90.0 | 025 | 558 | 17.1 | 565
SCM440} 7,860 | 2058 | 0.30 427 { 104 473
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SUJ2 | 7,860 ) 2058 | 030 | 419 | 125 | 473
SixNg {3200 ] 31441025 | 293} 30 | 795

3 A Fol e, oYE 22 YREY 4L Table
1o vetidct.

3.2 Hiod t;l LHZ} E/g

=22 o™ A
(1) F57
FEAQ EU2 HlojR M WY ZEHZ rojA o, v
01""4 HEO HEE FE3 ShpAE ARshe € WY
oy fgof] e 25 Ao 42 vAA ok
TE HolF Y 2= AL dold Wi o Y &
A3} vlsts #A 0, Wojg o) npE §3 &4 o]
a‘«l o 2RE sjA AHH FF HojPoR A}

38 9

< MovmE 4 ()3 ﬂol bﬂoia H4o|ut o) §
of A 3T M, 191 2 HA4, 28 4y
284 Bz 923}

WE oft (= o

rlr -
.1l->
H
ot
X
Ku
=
I
2
L
o

E3 ot nHlEY 313y M £28 M, = 2 ()9
)9 ez 247 zoldt

M,=f,'P“-d,l:, ?)

M,=f,-(v-n)?-d} (3)

A71H fr1& el HA} Fe JE3he A%
Wolsl §EN), due wojzel A4 az-;!(mm), a %
bt wlofsl GAlef st Asolch 22n Sk o
ofF Y43} 22 el Sk A%, v b 228 3
A=), 7 75 AHpm)E ojule,

webd Wolgel @ WAE Hy (W) 4 (1)3 Zo] Fol
AL ot 2HE M3 25 8% x o) a4 oL
2ol BAY 4 Yok

- 418 -



Ho= =T in @ o HAEo] 7H) £1, 5% B4 gol WSS Wy
30.000 sl Fuky wlolRe o WAE Aot SriEe ¥

Adubdoz Wiy wee) WA $AFe wEe 4 5 & oo

9o E8M 230) shsete, 257 S194S T3 714

7z A2 O A% B4 urh 3B A28 9 @ clsA

SAL welo) woleke FUAol TAR Belsoz 7 duol BEE FEHE X2 Y ol$AE Ay ol4

HalA &M 153_7]_ Q) £271 2% 120m/min, 18] 549 Algko} Z+7} 863
(224 4Ry dAEel 285 L ydge ges  METITIER CARAA S0 AL EAEEE

= 7|20 BAL Table 2, WojY Tt W7k zpAl0] F oL Fae X&d Y£ 2yo] ZEY -‘—IEH drgeke. 7tz

Table 3of AAGIRTh Gl 224 439 oiaguely  DOOIWSEF T8WeID, oBA Y2 FHE ¢

WY R, AU doly % s iy e g FEC W) EES 25 Gl €5 A 2

Zlﬁ} 7). 1}_;“ Oﬂ 45}]}\1 ﬂ]i—‘?—E] g-qt)d 2,300W 72.’; H:—a‘j k“ij- EE’IQ} ‘S‘ ia-‘r\‘i :TL%E]T‘:‘ Z‘-‘zw‘ 0]"6"75“\:‘ Z‘q

L9 ukcxle,to 543 A Q2 308 ovE Folay 9 tf o] 227} 40m/min, aga SEHY Ao 183kg

o 223 Fig 62 4 ()% olg8H 34Y FaA 1 F HARUR AR DG & 2357 A4 FEAE

BRSNS dloj3o] et @ WAIET T WY e o _

o] et DAl fat F WAEL & A of L Einear Motor oy

siAl hebdl slold), 2249 29 oAl me 37zt

Table 2 Material properties of oil

Dynamic viscosity 1.5¢St
Specific heat 0.47kcallkg C
Density 900kg/m3

Table 3 Flow rates of oil

Front bearing (4SBNR19H) 0.0075cc/min/EA
Rear bearing (40BNR19H) 0.0075cc/min/EA
Oil jacket of front bearing 77 /min
Oil jacket of rear bearing 5¢ /min
01l jacket of motor 122 /min
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Fig. 6 Heat generation rate of spindle system
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Fig. 8 Heat generation rate of Z-axis feeding system
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Fig. 9 Temperature distribution of machining center
(Test case (B)

Fig. 10 Temperature distribution of spindle system and
Z-axis feeding system (Test case (B)
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Fig. 11 Temperature rise of spindle system
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Fig. 13 Temperature rise of Z-Axis feeding system
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Fig. 16 Thermal deformation of spindle system and
Z-axis feeding system (Test case (5)
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