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Evaluation of Thermal Characteristics of a Direct-Connection Spindle
Using Finite Element Co-Analysis

Tae-Won Kim*, Jin-Woo Choi"

Abstract

This study focuses on development of a finite element model for analysis of thermal characteristics of a direct-connection

spindle of a machining center by joint simulation of heat transfer and thermal deformation. Two finite element analyses

were carried out procedurally for heat transfer, first, to identify temperature distribution of components of the spindle and

then for thermal deformation to identify their structural behavior based on the temperature distribution. It was assumed

that the heat transfer between a component revolving and the surrounding air is identical to that between a flat plate and

the running air on it and the heat transfer is based on a uniform surface heat flux for turbulent flow. The results from

the analyses were compared with those from experiments to validate the finite element model.

Key Words : Finite element model(3-3F 2.4 %9)), Thermal characteristics(& %] £4]), Direct-connection spindle(2]4 $=), Heat
transfer(@ ), Uniform surface heat flux(«+¥ FH & %)
1. ME A4 F5& ZE 59 34d5(Shaft)o] AEF ol odl
A dAMeRE AdE N, BEae AZH YaljA] BE A 3
FE5E FA7AY 7 T ALE $f shuold, 3 A&or A 24 ?—i—% e dHE 5 3=
U 328 JAA7E e da. BAE 314717 9 SHEY AlFor A F& I FHo Bol *FQEW}
g EdE FE ZHE SoiA @A Hu, ZEeke] darA o e Y&y #5319 EEVP Qo] glon, B4 =
oA A 2Y WA, A4, ME 94, 7|0 44 F5o= Zgo] FAEof Jleng HEN WA= EE 57|12 Xd
s o vk 28 WAES 124 3ol Wol ARH L 91, e dREE FE FrEe] AgEnh o] dgH 22
HESL 7o) A 5L AERY A T 5= LA sl=of dugE WAAZA "ok
A& ool Wol AREL, A F52 $5 M Bol 4 SA7IA Y] 7R R dEE e ade A AT, &,
ST A2 5ol Slek. I FollA= doll ofsiA WAstE 7oAt

T EETES P
TAAA, Ao gohE) ATa
2 437-815 A7|E %A AHE 46218 7| & ATA

Corresponding Author E-mail: jwchoi@hyundai-wia.com

228



o

M AR ZEAIAREES| K] Vol.22 No.2 2013. 4.

B AA 2249 40-70%HEE AAEtL gone? do o
g FATA 22 HE o W2 AF7F o] FojA|aL jlom
¥, 2] didt GHE AT ol olRojX 1 Y. &
3, BE YAE ik F5o tid dHE A7 gol +3H
oA Sttt ol= HE Ao thE 5 o] Wl whE 2
Y} 5oto] whE HjofF o] W o3t 59 A
oJsA MAEHE AR 535 AAH] dugo] 7 o] 2
A 7] uolth
2 QoA oA Al A2 F350] o
a7l SAaA 9T R4 AN S
2,000RPM (Revolution per minute)
) A% %H st (124 24 Aol
3 OH 2z GHF e HsliA AL
ek e Hﬁ £% ANSYSE &8sl on, H
E) EHQ FHFe Adsta, F2a3 9719k &
Azxde s, ol 3 84 Hdof g3}t
| OH"U AIE AP vlasko], {3 8.4 A B

o
Il

&)

e

>

EAENY
b

S o &

ok
8
o
%

o [l -

olﬂ
1P

r_?i’ lo

:10

b &

W A -

e~
ox flo "2

£
T
>

Ei
o
o
z

!

ERU
mu ol o ue oo N

i)

Fig. 1 (a)= 5, Hol5, AlE0] ol%dhe 3% 49 HA|
GAIEI R A A4 £5F 7HA AL 9o, Fig. 1 (b)= =8
st AE 59 25 YR Qo AE F52 e
BAZo] AZH YA AL E AAE ] e A
Ao}, EEii FANUC®| &4 wEol aT8/12000i0]c}®.
wjolg) g ZE3E YE FARS dukAol nE YAy F=
O} Tr/\}o}l:} & Zof LM (Linear motion) 4+2(Shoes)7} %
Ztelo] Z- o] LM | Y(Rail) 2t AfE|o] AAFY] 52
7Hs 8 gtk aEla, B A2 3| oA 24 o]
o] o]Fo] It}

Fig 25 G R3 ad Ao AEEE FE0 YE

S YEpAch A wojgat Sk wojge oﬁﬂi & Hjofs]
(NSK 70BNRI9H" &AW 7+7} 2744 A =] o] o)1, ujo]
O WES 3HEel 1=, ofF2 ah9-Aol %}%}H% Hj©]
g9 52 Fo] HEQ B 9] FHo] 7HsdtESE it
a3, WE 2 o 2 o] A(Spacer)= H|o1H 9] ook F
ojale A3re i),

Almt

229

' _.ﬁ\ Spindle motor
s g -

Motor

Coupling

Clamping unit
"~ housing

LM shoe

area

Bearing
housing

(b) Direct-connection spindle structure

Fig. 1 A machine tool and its spindle‘g)
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Fig. 2 Spindle configuration for the thermal analysis
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