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Performance testing of attitude control wheel under ceramic bearing
support and grease lubricating for micro-small satellites

BAI Yue', CAO Ping*, GAO Qing-jia', HUANG Dun-xin', WU Yi-hui'

(1. Changchun Institute of Optics, Fine Mechanics and Physics ,
Chinese Academy of Sciences ,Changchun 130033,China;
2.School of Sciences, Changchun Institute of Technology ., Changchun 130022, China)

Abstract: In order to solve the problems on lightweight, efficient support and lubricating for the atti-
tude control wheel in a micro-small satellite, a method using grease lubricated ceramic bearing to sup-
port and lubricate the attitude control wheel was proposed. The static frication torque, power loss,
anti-temperature, anti-vibration and life of the wheel using ceramic bearing support and grease lubrica-
ting were analyzed through experiments. The results show that the static frication torque and power
loss of the ceramic bearing under grease lubricating are less than those of all-steel bearings,and the
starting characteristics of the proposed wheel are very well at the temperature from —30 C to 50 °C.
Moreover, the vibration resistance performances of the wheel under the testing conditions equal to the
conditions when a satellite is launched perfectly. After the vibration testing, the wheel has been tested
for four years under a vacuum degree of 0. 02 Pa and a rotation speed of 5 000 min/s and results show

the variations of current are less than 1% ,which proves that the life of the attitude control wheel has
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more than four years and can meet the lightweight and life requirements of micro-small satellites in
space.

Key words: attitude control wheel; grease lubricating; ceramic bearing; micro-small satellite

1
, 100 )
kg \
3 / 4 -4
6] “1%,
, 4 ,
’ 2
N N 2.1
B 20 FAG (
’ HCS7002C. T. P4S. UL) NSK (
7002CTY. P4S. UL) 4 , 2
s N , P4,
R ; , FAG
. . L52,
, I1N+em-=-s 2.2
’ ’ YZC-11 2
’ b 1 ’
EHL s s
1
R ( R Tab.1 Testing results of static friction torque
0.012 0.06). N
SISE , , /N +m /N +m
1 1.36X107° 0.85%X107*°
’ ° ’ 2 1.18x10* 0.84X107°
3 1.33X107° 0.92X107°
s 4 1.18X10°° 0.99x107*
) EHL , 1.26X10°° 0.90%X 10




2018 18
2.3
B8&-25 o s s
o 0~20 000 r/min, N 0.11 A ,
s 4 o
1 2.5
b .
—5~50 C,
—a—NSK C oo
: —10~55 C
]25 ./' ° O. 02 Pa
10F /'/ 2 °
= | ;
o 3 ./'
% LA 0.12 e,
z gk A - - _"‘“‘---_._,_‘_\_.
R AT 0.10 |- T,
= 4 ’II’ ,,0"'. r
L:> | )/"7_._,,.- » 0.08 |-
23 2k ./- Jt"'. i
P
F e < 0.06
8’ =
or L
1 1 . I L 1 L I . 0.04 |
0 5000 10 000 15 000 20000 L
v/(r/min) 0.02 |-
(]_()()_.u.u.u.u\u.l.u.\
1 =30 =20 -10 0 10 20 30 40 50
Fig. 1 Testing results of the wear of bearing t°C
2
2.4 Fig. 2 Starting current varies with temperature
2.6
b
b
’ 2 ) 3 ’ ’
2
Tab. 2  Sine vibration conditions , R
/Hz (0-P)
5~13 11.75 mm °
13~70 8 g 2 oct/min .
70~100 12 g , 5 000
r/min, 0. 02 Pa,
3 3 .
Tab.3 Random vibration conditions
s 4
/Hz /g(rms) /min , 0.1~0.02
20~100  +3 dB/oct Pa, 5 000 r/min,
100~600 0.2g%/Hz 12. 82 2 4 4 o
600~2000 —9 dB/oct




9 , 2019
40l \ \
35K l/ S ’
30F //

25 B - ’ ’ b
sn 2.0 / °
£ L
S 150 . (3) 2.4 : N
b/
0.5+ / '
00? = s ’
7[) 1 1 1 1 1 1 1 1 1 1 n ]
=200 0 20 40 60 80 100 120 140 160 180 °
t/min 4) 2.5
) (25 C)
3 J—
0 0 o
Fig. 3 Curve of grease loss with time 40 T 11%.50
14%; —30C
o6 8%,—20 C 5.6%.—10 C
3.5%.
0.14
20 °C ,
g
012 ,
0.10 : : ‘ ! | (5 2.6 , 3
0 10 20 30 40 50
t/month ’ ’
4 4 ,
Fig. 4 Curves of current during life testing for four
years under vacuum condition | : N
) 0,
o 6
(D 2.2
28. 8% . y:O 4t0445
(2) 2.3 1 30% , 15
s 4 ,
. 4 , <1%,
. 1 000 r/min .
17.3%; 2.4
20 000 r/min , s

47. 6%,



2020 18
o 4 )
4 —30~50 C
, 20 C
s s
s o 4
s
. 1%, .
o 4 )
s s
BATY, YANGZQ, LI HW, etal.. Experimental
study on power loss of integrated energy storage and
[1] , ) MEMS attitude control flywheel[J]. Opt. Precision Eng. .
[J]. ,2004(1) :1-7. 2007,15(2) :243-247. (in Chinese)
YOU ZH. ZHANG G F. The review of micro pro- (6] , , ,
pulsion system based on MEMS[J]. Micr of Abri- (Il » 2006, 14(1);
cation Technology » 2004(1):1-7. (in Chinese) 127-132.
[2] , , .. [1]. LIU ZH H, BAT Y, LI H W, ez al.. Analysis on
,2004,26(4) :289-292. errors of single axis energy storage/attitude control
YU W G, ZHONG X X, LI X Y,et al.. Prospects system with double flywheel[J]. Opt. Precision
of picosat development[J]. Piezoelectrics & Acous- Eng., 2006,14(1):127-132. (in Chinese)
tooptics s 2004,26(4):289-292. (in Chinese) (7] ) , ,
[3] , , , LIl , 2006(6) :1248-1253.
(7. ,2009,17(4) . CHENG H, GE SH M, LIU F CH, et al.. The
801-806. design of torque mode control for reaction wheel
WU J F. ANJ, XU CH J, et al. Design of control system [J]. Journal of Astronautics, 2006 (6):
system of flywheel and analysis on approach to zero 1248-1253. (in Chinese)
speed[J]. Opt. Precision Eng., 2009,17 (4):801- [8] , , ,
806. (in Chinese) (1. » 2009, 34(9):20-24.
[4] R , HUANG D X, BAT Y. LI H W, et al.. Analysis
LIl , 2008,16(8) :1446-1451. of molecular diffusion of lubricants and lubrication
BAIY, WU Y H, HAN B CH. Single axis attitude life of flywheel shafting[J]. Lubrication Engineer-
control and energy storage system with two fly- ing, 2009,34(9):20-24. (in Chinese)
wheels[ J]. Opt. Precision Eng., 2008, 16 (8): [9] .
1446-1451. (in Chinese) [J]. ,2004,3
(5] , . .o / 4-11.
[Jl. , 2007,15(2) :243 - QIAN G SH, GUO J L. The basic trend of applied

247.

space technology of U. S, and the important military



2021

satellite system [ J ]. Foreign Satellite Trends,
2004,3:4-11. (in Chinese)
[10] ZHONG SH, HOU P M. Review of space infor-
mation technology[ J]. Jowrnal of System Engi-
neering and Electronics, 2006,17(2) :237-244.

[11] WILLIAM R J, MARK ] J. Lubrication for space
applications[ R]. Glenn: NASA Glenn Research
Center, 2005.

[12] ,

[yl , 2006(6):176-179.

(1979_)9 s ’
. ,2001
, 2006

» E-mail: baiy(@ ciomp. ac. cn

I
(1982—>, s
s ,2003
72008
. E-mail: caoping8233 @ yahoo.
com. cn

(1983‘7)y ’ ’
, 2007

. E-mail: qingjiagao@163. com

[13]

CHEN X W, LIANG Y X. Status and develop-
ment of liquid space lubricant[ J]. Lubrication En-
gineering » 2006(6):176-179. (in Chinese)
WILLIAM M, J ] ROAMER E P. Evaluation of
temperature and material combinations on several
lubricants for use in the geostationary operational
environmental satellite ( GOES) mission filter
wheel bearings [ R]. Glenn: NASA Glenn Re-
search Center, 2001.

(1980—)>, .

. E-mail: huangdunxin @ 126.

com
(1965—), s
9 b . 1986
, 1991 N
1996
(MEMS)
» E-mail: yihuiwu(@ ciomp.
ac. cn



