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An analysis of the thermal behaviour of a high speed
machine tool spindle

Ko, Tae-Jo*, Hwang, Pyung, Kim, Hee-Sool

Abstract

The thermal deformation of machine tool spindle influences the performance of the
manufacturing systems for precision products. In this research, thermal analysis of a high
speed machine tool spindle with the rolling bearing and the built-in motor is carried out
using Finite Difference Method. The thermal boundary conditions describing the heat
generation in the bearing and built-in motor are considered in the simulation. And various
convective boundary conditions are assumed with the empirical formula in the references.
From the simulation results, the characteristics of each element affecting the dynamic thermal
behaviour of the machine tool spindle systems have been clarified. This model can be well
applied to the future development of the high speed spindle systems.

1. A&

ZANA e HZ FAe 143, vA@EsS
B33}, FAAE s WiFo g siEE oA 7}
At 2 FoAE FAVA FHLES] 1
&3le AN B4 SudA F4% Lol
olFojA1 lon, ol HAFoE FH W
do o 9d-E W3l FLEE A
A FAle FHFWoIYP ] FEBFHAE 4T
BAE zt3 Aok wekA] a&FE 9] JdeA
t F%5 A2l ddEY7Eel s T8
ojnjg zh=th
olg|g #ANAM FEA2 WA B A

SIS

TE 2 9874 M =+5 o83
o B A JAHAR Utk
Muramatsu 5<& FEM-& o]8-34] 30,000rpm
o2 FEHE BEH WAY FHo WEEAHLS
sl eni(l], Mishima $& 37188 F%
el AEAES FDMS |83l 343t
ojif WAZlE FHLAGS] WP L A3
A7E FFsYH2 FH A== HEF
deol FHFgo RN d¥yo] FHoR AF
goe AR RE oMy T2 44 HI=2J
Joll AR AEA WML sR3AH3-4]

-9 —



T3 2149 S5l 1% FFA7AY FHAA
odeo] &@e] KFEAY W3te] A@AHO
2 AT 5 FAVAY n43hst AU
FHANA FZo WIEAH diFg Ay 2L
F840] F7kle A

B apoMe ey air-oil&E, ¥
EQ RHZ FAHAE HAYAHE ik
Fzo] AFAld WA= Bde] FHATS
Aoz Fyana @ AN KA
Byjo] ALgEHR LN, F59] Z a4 B
sl 9ol 433 wdy zb g AAboldlA
dste AxdAY, dRedey dd4 4
AZzAE 4T 23l dHAFS simulation
o] 7hsatch AN, WY E FE=
agn WAd FEEE HEEY 5ol FF
xSl e T #HAF + AMeH,
o] Ax A¥Ho=z FIHA o AAEH
A AT Y& BGoh w2 a7
AR n&£FA7AL FHEANSA HAELS
dZgell o3 HALA =72 AR 5
At
2. 347A F5A9 44 =499

21 AX FF A%

FAARGAG HAHUGe] FH2 a9 1
3 go] AZo] 4709 Angular ball contact
bearing(SKF: 7013CE/HC P4A QBA)°] H#
2 FA=0] g3 o] WP Ceramic Ball®
o] glew, FPot  Built-in  motor
(Mitsubish: SJ-2B4306KH)7} =@ =9 3lew
X 31Zo] ©hA] Angular ball contact bearing
(SKF: 7011CD/P4A)ol @7 == ol A
n&3 A AP T2 Hol Utk FAL
917 65mmolil, M F A 20,000rpm

5 T | #
g
z ™~
@ u
x
g\\ﬂ g 2
~ g g L H E’
a a 505441
3 8 m 0
g 0 4-F g
0 0
: ;
_g
»
g
S
0 h
c? 1] .Lv 1 0
ng\ 0 Ll 0
3 ~q] 0
e ———8 /.\\ 0
E |81 0
2 | 0 a
2 0 1)
0 0
0 0
3
—
E wi
i e i |

$1X0 X

Fig. 1 Schematic diagram of the
spindle system.
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Table 1 The properties of materials
Component[p (Kg/m®] K o
(Wm "K)| (JIKg °K)
spindle 7913 62 448
bearing(#1) 7913 62 448
bearing (#2) 7913 62 448
Rootor 8933 401 385
Stator 8933 401 385
Housing 7272 52 420
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Fig. 3 Thermal behavior of bearing #1.
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Fig. 4 Thermal behavior of bearing #2.
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5 Thermal behavior of bearing #3.
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near the bearings.
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