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Experimental study on the thermal characteristics according to the preload and cooling
for the high speed spindle with oil mist lubrication

D. B. Choi*, S. T. Kim’, S. H. Jung"™, Y. K. Kim™

{ Abstract }

The important problem in the high speed spindles is to reduce and minimize the thermal effect by the
motor and ball bearings. Thermal characteristics according to the bearing preload and hollow shaft cooling
are studied for the test spindle with the oil mist lubrication and high frequency motor. Bearings and motor|
are main heat generation, and heat generation by ball bearings as a function of load, viscosity and gyroscopig
moment effect are considered. Temperature distribution and thermal displacement according to the speed of
spindie are measured by thermocouple and gap sensor. The results show that the fitting preload and hollow]
shaft cooling are very effective to minimize the thermal effect by the motor and ball bearings.

Key Words : High Frequency Motor(15-3} T &), High Speed Spindle(22; 55), Bearing Preload(#|o]FofQ}), Temperature
Distribution(-2% £.3), Thermal Displacement( &%), Hollow shaft(S2-5)
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Fig. 1 Photograph of the experimental setup

Fig. 12 A% A2 149 JEAHo|n], &0 K3}
dadiol Mol AAe] A3 LS A dold IS
g B84 PCo| ALt g AHH &2 IA
(F)ONA AR 7hHA¢} Fa0]u AGHEY FHHE o
oge v dge| THE Aty EWoldlog ¢559% ¢
358 AMEEIIR, 3% Wl wetd U4EIUE
Ag-3ke] Ho)E oghS 290 ~ 950N7HR] FFehEA AES
AT

R&FE0) W0l Lxo} Yz x5t AuFd 7}
F & GFE F= Ao} gRof Woly &g}, & A
£, 335 Y4L AR slo] EAL v B

i

EooX

Y i
Coolirlg inlet

)
[ LY EIY T
|

b

\ A Y
8 ou ] [Niddie howsing | *| AB.ont | | Riout |
Fig. 2 Schematic diagram of the experimental

setup

Table 1 Specification of experimental equipment

Item

Specification

Spindle

variable preload spindle
(KOSPIN CO,, Ltd)

Spindle dimension

dismeter : 138mm

length : 515mm
Spindle speed max 18,000rpm
Bearing 7011, 7007
Bearing lubrication Oil mist
Thermocouple T type
Displacement sensor gap sensor

Data acquisition

Hp/Agilent 34970A

device
Qil cooler KD-55K
Inverter 0OD-22040-KR
Compressor S20-40-2hp

Table 2 The test conditions

Spindle speed (rpm)

10000, 15000, 18000

Preload (N)

290, 510, 730, 950

Hollow shaft cooling

yes, no

Cooler temp. (C)

Atmosphere-2

Fig. 2& 29 GAGE AL vjojgof £/, AdolH
Yol A, ZH YA A, FHEE oo A,
F 94 7he QRAE F& A S AAsign 2o
229 Y, 2129 3 2E) oA A9 EHGE B
AR, & Ao 2EE uAE Ao exAz
Ao HY WA 759 7, y&3} 54949 2% ¥
HE 43I, WO L2 G=71% d 22 olE g F3
A fAS T, YA YA §E2 314
/min, 59 Y44 FEL 0.7 /minfh. oj2% ZE
AZe HoE 5 FANAN 4 A%sA

3. Mgy 3 g
729 42 9 Y SHo| 25T 22 a3

sfstel W7R) olokat 235 W) ol 22 A
2o wh £E9t Quglel WHE 23s%c

- 429 -



——FB1 ——FB2

——— Middie housing Cooling jacket
—— Stator ——RB

—— Atmasphere

a
)

w
&
"

e 32 4
e
2
g 28
a
E
g
24 4
20 4
T y T T
[ 3600 7200 10800
Time (s)
10000 rpm I 15000 rpm 18000 rpm

Fig. 4 Temperature distribution
(Preload : 290N, Hollow shaft cooling)
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Fig. 5 Temperature distribution
(Preload : 290N, Hollow shaft no-cooling)
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Fig. 6 Displacement of the spindle
(Preload : 290N, Hollow shaft cooling)
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Fig. 7 Displacement of the spindle
(Preload : 290N, Hollow shaft no-cooling)
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Fig. 8 Temperature of the Front Bearing
according to the spindle speed and preload
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Fig. 9 Temperature of the stator according to
the spindle speed and preload
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Fig. 10 Temperature of the Rear Bearing
according to the spindle speed and preload
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Fig. 11 Displacement of z axis according to the
spindle speed and preload
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Fig. 12 Comparison of temperature and
displacement according to the preload
(Hotlow shaft cooling, 18000 rpm)
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Fig. 13 Comparison of temperature and
displacement according to the preload
(Hollow shaft no-cooling, 18000 rpm)
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