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Performance Evaluation of a Variable Preload Spindle by Using Linear
Actuator
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Bearings having a small clearance during normal operation are selected. In some cases, bearings having a negative
clearance when mounted are selected, to generate internal stress which enables achieving various effects. This so-called
preload can be applied only to rolling bearings and not sliding ones. The performance of bearings is greatly affected by the
applied preload. Application of a heavy preload to enhance the stiffness at the spindle undermines the high-speed rotation
performance. In contrast, when a light preload is applied for high speed rotation, the stiffness is undermined. Therefore, a
variable preload method is required. This study aims to develop a variable preload device using a linear actuator of the ball
screw type, and to perform the performance evaluation of the developed device. Our studies verified that the proposed
device worked satisfactorily.
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Fig. 1 Effect of bearing preload on the bearing life®
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Fig. 3 Concept drawing of a variable preload device using linear
actuator
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Fig. 5 Schematic diagram for the performance measurement of
spindle prototype
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Fig. 8 Measured axial direction force related to the spindle speed
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Fig. 11 Measured noise level related to the spindle speed

Point 2014 ZFzF 0.58 mm/s ¥ 0.73 mm/s 22 A=t gk
A oo 28-S woll= Point 1 3t Point 204 Z}zf
0.98 mm/s ¥ 1.2 mm/s 02 A=) o¢fAA] A8 A] Point
19 4= ¢F 43%, Point 2 of|X= 2F 40% Zl5o] S7HES 2}l
shele. 5719 fIAAlIE Fol S e S7HA HlojF
I} fybato]of mREkETER Qe Zlso] AR A o= A ETh AF
PN 2uE FHAEKE7E 5,000 rpm Y o XEgkS o
12mm/s 2 Eop? Jjue Aoga] A8 Al S4E g &

TE dsol & TS vXA] g2 Ao geker)
2gZ74olE RION AL ASANL3)E AMESISIcH ot
2= WOl 20-125,000 Hz ©]11, M9]= 30-120 dB o|t}. 244
o] = x|} viHo A ] ol ZzE AuEA 1m 4
o7 MAE) Fig. 11 o 25574 A7E Yepdict. o
2 SHEETF Z7FRE Ago] =4 A= 8,000 rpm
oA A2 S 2E3S u, 82 dBY] Ago] SA Ut T3t



ro

ZHLUSSSX| M34H HMsE

August 2017 /515

SNPINE A G| eoke uhe] 232 79 dB B AT
IPANE AGYL o, OF 103% £go] F7HEIY). pgo
F7hgo] o} uulsly] o] AUE T Aol & Gl
u|2]x) ghe A0 2 HekEt

Hgg'
)
oo
o
[>
H,
i o
o
S,
1B
H1
2
=)
k)
1209
ottt
2~
lo
!
|

57h

ol
e
32
L
]
)
>N
o
2
EO
o
N
.l
[>
1)
i
2
=)
N
i
10 of o©
ook
filo
e

U
oln fllo o
ro,
o

O = o A<FIs
A8 2SS A, T4

0,

rr 4o
o

4 oo
al

3
oE
e =)
2 £ off
2,
s
o
filo
_1 \
ro
—O|L
2
(0

L
2
-

_?L
:
N
B
1
i)
et
>
o,
£
117
Y
[>
r <
il
2

oflt

&

N

=2

1o

i

N

)

rE

2

]IO

oX

)

oo Lo

o .
o

o™

© ox

2

2> o

o 2
1A2
X
N
lo
(o]
0,
o
L
rO
i)
%
filo
Ho
Y
-
BN
o4
)
o
o rlr ofN

il
_E
N

W

o>
(H s
2
2
N

ACKNOWLEDGEMENT

A 20163 AR TR0 Ador gl
FAe] 2 (No. 2016R1A2A1A05005492) O 7 53 =312,

REFERENCES

1. Weck, M. and Koch, A., “Spindle-Bearing Systems for High-
Speed Applications in Machine Tools,” CIRP Annals-
Manufacturing Technology, Vol. 42, No. 1, pp. 445-448, 1993.

2. Harnoy, A., “Bearing Design in Machinery: Engineering
Tribology and Lubrication,” CRC Press, pp. 418-436, 2002.

3. Harris, T. A., “Rolling Bearing Analysis,” John Wiley and Sons,
pp. 159-170, 2001.

4. IBAG http://www.ibag.ch/de/ (Accessed 1 May, 2017)

5. Alfares, M. A. and Elsharkawy, A. A., “Effects of Axial
Preloading of Angular Contact Ball Bearings on the Dynamics of
a Grinding Machine Spindle System,” Journal of Materials
Processing Technology, Vol. 136, No. 1, pp. 48-59, 2003.

6. Dornfeld, D. and Lee, D. E., “Machine Design for Precision
Manufacturing,” Springer, 2008.

7. NSK, “Catalogue-Super Precision Bearing,” http:/www.nsk.com/
(Accessed 26 JUL, 2017)

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

Research Report of the Korea Institute of Machinery and
Materials, “Study of the Clearance Control for High Speed
Spindle Bearing and Optimization of Spindle Cooling System,”
M1-0105-00-0049, 2004.

Hwang, Y. K., “A Study on the Variable Preload Technology for
High Speed and High Efficiency Machine Tool Spindle,” Ph.D.
Thesis, Changwon National University, 2009.

Kim, D. H., “A Study on the Variable Preload Device
Development of Machine Tool Spindle Using an Eccentric Mass
and Giant Magnetostrictive Materials,” M.Sc. Thesis, Changwon
National University, 2011.

Tsutsui, S., Aoyama, T., and Inasaki, I., “Development of a
Spindle System with an Adjustable Preload Mechanism Using a
Piezoelectric Actuator,” The Japan Society of Mechanical
Engineers, Vol. 31, No. 3, pp. 593-597, 1988.

Chen, J. S. and Chen, K. W., “Bearing Load Analysis and
Control of a Motorized High Speed Spindle,” International
Journal of Machine Tools and Manufacture, Vol. 45, No. 12, pp.
1487-1493, 2005.

Kitamura, K. and Taniguchi, K., “Preload Control Apparatus for
Bearings with Shape Memory Alloy Springs, US Patent,
5094551 A, 1992.

GMN, http://www.gmn.de/ (Accessed 1 May, 2017)

Hwang, Y. K. and Lee, C. M., “Development of Automatic
Variable
Centrifugal Force,” International Journal of Machine Tools and
Manufacture, Vol. 49, No. 10, pp. 781-787, 2009.

Preload Device for Spindle Bearing by Using

Hwang, Y. K. and Lee, C. M., “Development of a Newly
Structured Variable Preload Control Device for a Spindle Rolling
Bearing by using an Electromagnet,” International Journal of
Machine Tools and Manufacture, Vol. 50, No. 3, pp. 253-259,
2010.

Kim, D. H. and Lee, C. M., “A Study on the Development of a
New Conceptual Automatic Variable Preload System for a
Spindle ~ Bearing,” International Journal of Advanced
Manufacturing Technology, Vol. 65, pp. 817-824, 2013.

Choi, C. H., Kim, D. H., and Lee, C. M., “A Study on the
Development of a Deformable Rubber Variable Preload Device,”
Int. J. Precis. Eng. Manuf.,, Vol. 15, No. 12, pp. 2685-2688,
2014.

International Standard, ‘“Mechanical Vibration,” ISO 10816-3,
1998.

Kim, D.-H. and Lee, C. M., “Effects of Automatic Variable
Preload Device on Performance of Spindle,” Journal of Central
South University, Vol. 19, No. 1, pp. 150-154, 2012.



	선형구동기를 적용한 가변예압 스핀들의 성능평가
	1. 서론
	2. 가변예압 스핀들
	3. 결과 및 고찰
	4. 결론
	REFERENCES


