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Thermal Characteristic Analysis of a2 High-Speed HMC with Linear Motor and Magnetic Bearing

S. 1. Kim'(Hankuk Aviation Univ.), W. J. Lee (E&Soft, Inc.)

ABSTRACT

This paper presents the thermal characteristic analysis of a high-speed HMC with spindle speed of 50,000rpm.

The spindle is supported by two radial and axial magnetic bearings, and the built-in motor is located between the

axial and rear radial magnetic bearings. The X-axis and Y-axis feeding systems are composed of linear motor and

linear motion guides, and the Z-axis feeding system is composed of servo-motor, ballscrew and linear motion guide.
The thermal analysis model of high-speed HMC is constructed by the finite element method, and the thermal
characteristics in the design stage are estimated based on the temperature distribution and thermal deformation under

the conditions related to the heat generation of built-in motor, magnetic bearings, linear motors, servo-motor,

ballscrew, and so on.
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Fig. 1 FEM model of HMC

Fig. 2 Section view of spindle model

Table 1 Node and elements of FEM model

Node number 26,474

Shell element (Shell57) 14,619

Element 7o i element (Solid90) 12,655
number

Summation 27,274

Table 2 Material properties of HMC

Density Young's T“henn_alh Themal
(k g/m}) Modulus |Conductivity |expansion ratio
(GPa) Wm¥) | (m'T)

GC300 | 7,300 90.0 55.8 17.1 | 0.25
SCM440 | 7,860 | 205.8 42.7 104 | 0.30
S45C | 7,817 | 220.0 51.9 105 | 0.28
Cu 8930 122.6 393.1 16.5 | 0.34
Fe-Si 7,700 21.3 42.7 10.5 | 0.30

Poisson's
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Table 3 Heat generation rate of HMC

Heat generation

Front radial MB 50.0 W
Axial MB 9.0 W
Built-in motor 600.0 W
Rear radial MB 50.0 W
X-axis linear motor 312.0W
X-axis LM guide block 29 W
Y-axis linear motor 312.0W
Y-axis LM guide block 1.1W
Z-axis_servo-motor 0.3 W
Z-axis ballscrew nut 0.6 W
Z-axis_ballscrew-support bearing 0.8 W
Z-axis sliding guide way 2.8 W
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Fig. 4 Temperature distribution of spindle system

Table 4 Temperature rise of HMC

Temperature rise
Spindle nose 12T
Front radial MB 93T
Axial MB 123 T
Rotor of built-in motor 37.8 C
Stator of built-in motor 219 C
Rear radial MB 9.5 C
X-axis linear motor 02 C
Y-axis linear motor 02T
Z-axis servo-motor 18T
Z-axis_ballscrew nut 4.6 C
Z-axis_ballscrew-support bearin 9.8 C
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Fig. 5 Thermal deformation of HMC

Table S5 Thermal deformation of HMC

Maximum | Maximum | Maximum
total vertical longitudinal Remark
deformation | deformation | deformation
145 im 122 ym 119 (m Heat
(Quil) (Quil) (Quil) generation
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Fig. 6 Thermal deformation of spindle system

Table 6 Thermal deformation of spindle system

Total
deformation

Vertical
deformation

Longitudinal| Traverse
deformation {deformation

Spindie nose | 42.0

-18.0 ym

-38.0ym| 0.4 m

Front radial MB| 35.0 ym

1.8 im

350 m| 0.4 m

Axial MB

25.5 m

7.3 tm

244 um| 0.5/m

Rear radial MB | 32.8 /m

27.8 um

173 m| 0.7 ym |

AEE BN F2AE dAdon Fgrg
% Fubal Autbo 2o
=, o] AL 3 TR 44 Agy #
e Zold. agln 2x4dgo] Y w8
EHE FHOEZ FHo] Riar) did F&
R, AwR wkEae zlyiels 2 H9ke 2
Holg e Ayoz olfatm, FrkE vk
oz olgdle deje] AWzt
Aste Reg yeigd. 53 ERdEsy o

7\ej o &

- 14 -

BO
*

Qe

I 3hge 2

2 > 30

N
o e oy
X of

r

o el N N



g #Ho] e FF ADEY AL E¥F
&M dtez 18.0m7t AR, FAl AYe=

d|

380m7t AAsHe Pehol FRALE AN A
T8 737 7 A4 B9y Gugo
W$ AT AMZRE 214 HMC FEFAE 3
Surgre 47 Wyol T oFojAu otn ¥
d.

[RUR =

4. 2E

£ drdMe A7 EF)el gYyol=ZEHg =

Aol S AgAN ATALENT = g64mmx

50,000pm3T 214 HMCO| i3 AEAZS dAG

AolA &AM 2 Hrisigdeh oz B dFE F

Hale RN @& ARE FEYsd e ¢

o}

@ 231% HMCAAMY 2=+ WR3Y ZE A
A4 g Egod, FHIHAF 50,000pmY
o xEAsge 9 378Colth 3 5YT
ZAA nAAY 2=z o 21.9T0)7)
2ol WzhaAel g WAy RE EWE

o

Aol QYA TR wARHT

o o QA

& AslMofs el wAZol WRF 27lH

Fuc AR, BdF) E WEY REAA

o A FYF AvlEeiPol A7) W2
% AZWoiRe) LEgso) WARE A
solguc o 3T HA et

@ AAMAY AL FHuo] A Ao
HlalA eERo] Wl WEd @8 QAo
248 7578 FASHE U &ZRHol.

® Aelmy FEPHL BAAFAREE 75
waol walN LEAFel Wi wRe @
FAHol $48 ol5AE THSNE u feiet

o

® 232% HMCY F8& Aol BT 737 2A

ARBI Qu, T PRANY LENFE
Mo AMPe] ol FEA 29
of ¥FHoz wystn k.

o HF 2
<

2 N

o rg
o 2

@ 2x4%0] 7MY & UIE RHE 4oz
FZo] PPty "o F&H AGR, Awny
e xridoly & 48 Arwolg e
Aoz olFsty, Fuky wPEY z7|Ho]
gL FPo g olFste Juie EWUAS LA
Cias

Z3% HMC FFAc AFggolvt 4shiy
of HsjA FHedoz @3 Yol I oF
oA Yt

® F=3AF7 50,000pmY W HFRALES B
dol e FF Mo g¥dc ez
18.0um7t AR, Ao Moz 38.0m7t A
Zae deolt.

F7|

2 ATE 200045 WAL FAAWANE
LAY HA73F)e AFLY 214 HMC
e A A7 Adez FygYon, ol
=R

P

ey i

L /PDEFEE S, "TFBER T dicHEL 22
FEA AN THEBOGR" EHABRIE, 2, pp.
159, 1985.

2. BAG, FHEE "TEERBZ208ZoNn
AL, FEREW TA, 1, pp.78, 1986.

3. 349, HU%, $AE, "FF7AE 2&EFEA
o] F7NYHAEAC B AT, FFHLIE3
=523, A1 A1E, pp.123-128, 1994.

4 pHER A ITA, "BEVBRA LS FLoWER
7" BAFE LS, 60/5 1994,

5.0l A%, FHY 9, "AGAE§ 2&5FF A
of #F A7 FAAYE ETEIA, 199.

6. 34 9, "Hal FHAA AL, HEEFVAL
1995.

7. A. Muramatsu, S. Nakamura, H. Yoneyama, and O.
Iwasaki, "Heat Conduction Analysis for Motor
Integrated Spindle," NSK Technical Journal, No.658,
pp-32-39, 1994,

_15..



