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Analysis on the Thermal Characteristics of the Spindle with High Frequency Motor

according to the Cooling Methods

S. T. Kim{Mech. Eng. Dept, CNU), D. B. Choi(KIMM), W. S. Cho(Mech. Eng. Dept., CNU)

ABSTRACT

Thermal characteristics according to the cooling methods are studied for the three type spindles with high
frequency motor. For the analysis, three dimensional models are built considering heat transfer characteristics such as
natural and forced convection coefficients. Unsteady-state temperature distributions and thermal deformations
according to the cooling conditions are analyzed by using the finite element method.
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Table 1 The properties of materials

Property Density Specific Thermal
(kg/m’] heatﬂ conducteivi ty

Description [J/kgT]| [WmT]
Housing 7769 473 43
Spindle 7769 473 43
Rotor 7817 446 52
Stator 8800 420 52

Air 1.165 1006 0.026
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Table 2 Heat generation rate of bearing

Front Bearing( ¢35)| Rear Bearing( ¢25)

pm

Qtota (W) Qotar (W)
20000 209 7.2
45000 324 116
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Table 3 Heat generation rate of Motor

rpm Stator (W) Rotor (W)
20000 1070 530
45000 2000 1000

333 WA W25
ol WHEFFA g FHL4(Gnielinski
equation) g A &3] W35S A

___(18)(Rep, — 1000)P,
N = 1+12.7(£/8)%5( P, —1) @
Q=hA(T,_T,)

334 FEEWA ] dAY 54

F A4 g7 =FY F FANAY ¥
Ases 3 &2 A& A5t Adsido.
(1) vt 3vgke 29 A

Nup= h;D =0.11(0.5R&, + Grp - Pr)®® (4)
geo gdg

— 1/2
NuD=ThD=o.36(~“’;QZ—) ( wD?¢10%) (5)
o]

Nur=‘h7: =0. 0195( wr” )08 (6)

335 F%7 2o 94g E4
sAAs% nARAele §5 dE
f% D UYE GEOZ A g gol &
g5 E FEET
Nu;=0.185 - Re;(log (Re,) 2% . pr1/3 7)
( Rey) 107, 0.6<Pr<60)

ot
o,

4. 23 & DF

FRBOANE A FY2) F39 o,
H85 45000rpndd Aol gfared, WZuAe] w
AR ws}n. TE 9 g Be
238 asugtn, oWt 1Nt 23 Re

b5 HA, & El  20000rpm?! A3-E %*—16“
A, 45000rpme] 734"-9} vlmste, 7z ¥ %‘ZF’%
o map ofE Zgol vehteAd s Lo}

H7] 98 slde ¢33,

Fig. 1, 2, 3& YZzad dZ83e 10 1
3= A%, 20000rpmol A A Ao 22HL
0 FEo TR WE LEEIE YR od,
Aao A BEo] 3 M4 45000rpme] A S vlF o}
Az HHA Fooir 58C Az HnLxrh
Ehjunlen, X F8o g Jo2xe 2
A Aol7t Glont Fuki wlojgiel A4 W
Fof whel Fhkn oy Rl 2xEyrt o
EA Yede Ae ¢ Jded, #X2 29 4
23 e A type 19] A% 4T, type 29
7% 6T, type 39 AF 1T A=E grj2xzg
apol 7t VRS & 5 ASITh.

Fig. 4, 5, 62 WZtAalo] ¥ZRFS 101 &
2le 3%, 20000rpmoll A £ TR il 24
E AN A%, AL A =2 o F
9 Fxo WE W E Yehidon, ojE Fi
1, 2, 39 & EE Ao HEo] Fytrid]
Mo wojHo] AAHT Yzto] HA = type 2
9] 7o Hugo) 57mAE JEIEE @ 5 S
R, e duFE Jehle type 3904 Sl
AEE T typed ME vl %& o 6wy A
ot Eg ¢+ A4

Fig. 72 Jd237% «l Agle] w2 AsbA #8
o] FHo 3 Fu LEE Frix9 @5 o
# Jeld Aoz Hun2xe dx 2o ¢
AL Fig. 1, 2, 3& T8 Aoy, ¥4/
o] FMETE Ju &7} 20000rpmel A= <k 20T,
45000rpmAl M= ¢ 35C AE RoiRE AL ¢
T o, ALt g1, AGFFo) B B
A dIMME ANA FE0) BE FH59 Ju 2%
= 2 Aot %z"% & = Ut

Fig. 8& 4 Jf ZF R Ago wE AL
A 7p F& M oﬂ Mo E¥¥E ¥nYy R
oz, Fep 311019'4 LEEXe Ao oAdF
tedtxol e WAFH 9 22 A g
A type 27F 7hR Awidol 3 A eI type 3
7F @wgdo]l 7b% WA Yelhutn ith. 20000rpm

- 971 -



o AS w3y FxA g U o
v FA GERG 9lom, Q—S— AF
o= 20000rpme} ZA-¢7F M7HA FH of
o Zo] ] F2 HY 5SS ¢ T ¢
Fig. 95 571A] sl type
YzZtese 10 12 §ln %74%94 %
olgtE FuUL wWY 754?&1 LS
3] Wztea glon f29 Bﬂg}oﬂ ura} 25
a3, 7o) upEk @WUHIFT 20000rpme FS 60um,
45000rpm®] - 70um AEZ A zj
& 4 A9k, E3) 20000rpne} 3
ZE g7 LxE} 10T 's%:?ia , TR X
HZozo dwlgo] Yeldg & F U
Fig. 102 571x 3 Ao type 3o st
YZHFS 10 12 sta, 9o F7jgz] W 2
T 2 dugse ek é%i 20000rpme] 23t
45000rpme] S % 2= 9 Gy F3e A
o] vlx#] Rate A& ¢ F AN
Fig. 112 571X Ao e type 3o 3t
Z3EL B2 B4 A9 2x 2 ddg e Y
bl d3t2, Fig. 109 F719¥Z vjstd =0
ol A= 20000rpme] 74 $- 45000rpme] #A$ 2
T o34 Harr JdeEhuA gAw, d¥gRe
20000rpne) 7% 10umAE, 45000rpme) 725 20pm
He@ ol 9S4 & = Uz, 45000rpme]
A$7F 20000rpme) FSRT} dAiF o FdoME
IomAE &332 24 Jelds € £ U,
Fig. 12 F71x A4 9 type 3o thdto]
BEl9 319-A Apololl F7] FUA9 dztEI}E
el 2324 SEE A9 Jo)g B & QA
I, w3y ol 20000rpme] A$ 0.8mAE.
45000rpme] ¢ 2.6mAEZ ZF7t F7|F Tl
w& YZasst 34 vebdx gt

W
9
2
™ ofw ro Sk
rEodr R

ok
N
o

2 rlo o

=

NODRL SOLUTIIN
STRP:L

SUR =42
TIME=48U1

| #rew prz uey moten serwois

Fig.1 Temperature distribution (Type 1)

§2%

H00EGEEE

| HIGH FREQUINCY MOTCR SPINDLE

Fig. 2 Temperature distribution (Type

e

NOLUREON 53, ﬂ FEITEAT

RIGH FREQUENCY MOTCR SPINDLE

Fig. 3 Temperature distribution {Type 3)

- \AN\&

FIGH FREQUENCT MOTCR SPINDLE

Fig. 4 Thermal deformation (Type 1)

- 972 -

2)




7] amsys 6.6.2
3 2802

FLOT NO. 1
NODAL SOLUTION
STEP=L
SUR i
TIME-480C
usUN
RSY§~0
powerGraphice
FFACET 1

(AT

AVRES=MAt
oMY . 562E-Ud
SME =, 563504

o
- cooras
.1258~04
16808
[25¢5-04
B 50
E3 [316s-0¢
T3 laser-04
E2 so1z-0s
W soin04
HIGH FREQUENCY MOTCR SPINDLE
Fig. 5 Thermal deformation (Type 2)
AKSYS 5.6.2
szp 3 2002
13:8€336

HIGR FREQIENCY MOTCR SPINDLE

PLOT NO. 1
NODAL SOLUTION
STEPsL

SUB =1

DML = JUSE-Ve
SMO =.503E-08

°
-5615-0%
L1128-04
L16835-04
\224E-04
.281E-04
.337E-04
.193E-04
L443E-04
.505E 04

£
3
j
€3
]

Fig. 6 Thermal deformation (Type 3)
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