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Abstract: Parameter-nonparametric fusion method was put forward to analyze the char-
acteristic of space bearing friction moment, by using statistical method to judge the basic
characteristic of space bearing friction moment; symbol judgment method was used to deter-
mine the time sequence characteristic of space bearing friction moment; while rank sum judg-
ment method was used to determine the state characteristic of space bearing friction moment;
these three methods were fused to analyze the overall characteristic of space bearing friction
moment, in order to evaluate the friction characteristic of space bearing. The method can
avoid the effect of the plus or minus and some mini-max values and time sequence on overall
characteristic of space bearing. The basic characteristic, the time sequence characteristic and
the state characteristic of space bearing were discovered to reflect the overall characteristic on
space bearing; the results show that the better space bearing are determined according to
working performance and stabilization of the space bearing, at the same time, on the basis of
the time sequence and state characteristic of the space bearing, the optimal overall space

bearing was chosen, with the credibility up to 99%, in line with the current selection of
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space bearings; there were more information of the space bearing with use of the fusion

method, showing that the fusion method could choose the space bearing of the optimal over-

all characteristic from a handful of space bearings.
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time sequence characteristic; state characteristic;

symbol judgment method; rank sum judgment method
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Fig. 1 Measuring principle diagram of space bearing

friction moment
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Table 1 Main technical parameters of friction moment

measuring instrument

28 Bl
AR A2 FE/ mm 2~8
AR VL / (uN © m) 0~100
il 1) 245 / N 1~4
F2 4% L/ (r/min) 2
I R 22/ (uN s m) —2.5~2.5
Dl RAUE /(N » m) /h) 2.5
SIRE J1/MPa 0.35~0. 44
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Table 2 Friction performance tables on space bearing

i Xb, X5, &
LR Ak 1 0. 4830 0. 0029 x%
L R Ak 2 0. 4656 0.0242 x%
T KAk 3 0.2726 0. 0026 *x
LK il 4 0.2970 0. 0061 *x
T K47k 5 0.6628 0.0034 .
L R A7k 6 0.1699 0. 0062 *
L R Ak 7 0.1566 0.0014 *
i K& 8 0.2807 0.0019 *x
i K& 9 0. 4830 0. 0029 *x
I K K 10 0.6863 0.0027 X
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Fig. 2 Comparison of time sequence characteristic on

space bearing No. 6 and No. 7

X AL K il R JEE 4 0 R BEA IR ZS 0
2.5 FRHAEE N ERSHFIE
A (6) (7)1

Ry, = D) RLX0, ()] =6664192
Ry, = 1726464 | R| = 65.2415

TFEE R, 0ok (B 3 (i | R

FE 43 10 45 BIIEFAE w. 0005 = 3.3, XK
| R| =65.2415253. 30=uy, 0005 » F 4 Tk FI1HI] 5 12
Ui W E BAR KSR 99 %0 2% 140 R i K il 7k 6 11 g
PR FRAE S A R R 7 1 JEE 48 0 HEOR S
TEELE G HEP A 35 22000, [ Bk AR 1 3 o i
KA 6 T K b 7R 7 1 EE 58 07 R RR R X6 LE T
VLA T AR 6 118 JBE 48 1 i 50 HE B 14 it Ty B
S TR AR 7 HE B I 156 B A K Bl K
7 IR EE 8 ) SRR AS RRAE AR T R A R 6 1 BE 8 )
TR A HRAE UK Sl 2R 7 A0 B 8 M BE O T 00 K il
R 6 1 JEE SRR E (PR HP R BN RE AR BE 5 4R
G ISR VN ISR VW EN PN
6 LKA 7 BRI I RRAD.
90 -
80
70
60 I
50
40
30
20 F
10
0

JEEE F1AEREA/109

B

JE¥eN MKGhA&Re  ALRAMAKT
B3 LRAR 6 LKA 7 05 48 ) 5 B AU L

Fig. 3 Comparison of rank sum on space bearing

No. 6 and No. 7 friction moment
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Table 3 Comparison of characteristic parameters on space

bearing No. 6 and No. 7 friction moment

i xh, X¢, VA R
MiRHAR 6 0.1699 0.0062 897  65.2405
Wi KA 7 0.1566 0.0014 1151 —65.2405

3 W 8

FUL K ol R 458 0 Y 2 A 200 A o
A WA ] W0 36 e T 2Rl 7% JEE 455 0 1 B A
S SR IO R i R B R R TR il R B
;i XS NNV E Rk 1 I nE s Regibh A TR S 12
B ) B AR R AN SO I RN R R
BICHE Y 049 73 M7 300 T Al 70 B8 458 1 R 19 I e I AR
B8 ISR I PP 23 A A7 0 S R B 1) I PP A 5
R DRI mP A O A N B X S R A R A 1
W] 00 TR 0 7 D 250 T P 6 L 15 00 5 A0 K el K JRE 4
R AP 5 A AR A D RS HE P 19 D B ke K 4R
B HCIR L, B T U0 HEB B9 AN TR 3 1S Al
1952 22 52 0 o A BSCHE AR FIE L I R 971 R 28520 A 1
10 2 T R K ol R P 45 D LA L.

AU R Tl 7R PR 8 T3 R I 3 S BRI R AH ELER R
A HLEE A 0 R — Al R F A BE B — R ik R
WAL K Al R BE AR PERE AL 25 0 75 5 3 5 B 3 D RRAIE
SR B £5 5 A7 L A A AL el 7 Py R P E L i
% 255 o3 AL % B 7R A9 EE SRR BE 1 45

4 &

D AR SCH 2 AR 2 8m & I ik e Bk
ol 7R R A5 0 A R AR S DT K il 7 RE 4 ) R R
REAE ISP AR PR IR TR R 255 5 R R AU Rl 7K 114

VEE 5 B A Sl T K T K B 4 T RV A D7 T S
B, O K fih REE BT BE G 0 1 1o R B AL R
.

2) ZH-ARZ B A Vo AT LABR 25 808 75
AR ANC S IR TS E IR N N PN & AR AL
DA KBS AS T 1 510 WP £ 5 W) o B e 1 ot K i 7K
4 B AT BE.

3) MRAE T AR IR BE 5 A5 PERE L M RE LB 4 1Y
UL R b R B R 5 R — 2 MR T K B K £ N A
I FIBR ZS R A 2 Hh A P B d 0 1 Bl K B A K
SRl LB ] 99 %.

SEM:

[ 1] Gan K G,Zaitov L M. Investigation_into the dependence of
the friction moment~of high speed self lubrication ball
bearing on the duratieni of the\work rotational and load
[JJSoviet Engineering'\Research,1990,10(2) ;41-46.

L27] ‘M., 30650, 5 e/ B85 — AL R e AE i e

WEEELT]. SR 2 TR, 2007, 15(2) : 243-247.
BAT Yue, YANG Zuoqi, LI\Haiwen, et al. Experimental
study on power loss of integrdated energy and storage and
attitude control Aly wheel[ ]J]. Optics and Precision Engi-
neering,2007,15(2) : 243-247. (in Chinese)

L3 7] Sochting S,Sherrington I, Lewis S D, et al. An evaluation
of the effect of simulated launch vibration on the friction
performance and lubricatiuon of ball bearing for space ap-
plications[ J]. Wear,2006,260(11/12):1190-1202.

4] EHEG.BURME, 2T, 5 BIMREEIIENZFER

REMI TR ], 028 3 1 241, 2009, 24 (4) : 945-950.
XIA Xintao, JIA Chenhui, WANG Zhongyu, et al. Fuzzy
prediction of rolling bearing friction torquue using infor-
mation poor system theory[J]. Journal of Aerospace Pow-
er,2009,24(4) :945-950. (in Chinese)

[5] E#E PR, kIR, % Rl RZFERLK TS
PEAE LM, Je st B2 R i, 2007.

L6 M BRIGEPH, Tk, 55, A R il 7K B 45 ) 56 A o 7 2
B9 B B Eh A TPAN L) . wa 2R Tl K% %4, 2006, 38 (1
i) :294-297.

XIA Xintao, CHEN Xiaoyang, ZHANG Yongzhen, et al.
Dynamic assessment for uncertainty of friction moment of
space bearing using grey bootstrap[ ] ]. Journal of Harbin

Institute of Technology, 2006, 38(suppl. ): 294-297. (in

Chinese)
(7] Ehg, BRk, KRR GBS RHETREMHIM]. L.
Bl L, 2005.

[ 81 ZMiite  BRIGERH, sk K, 55, AT 5 il 7K 58 48y A 1) di 0
BRI 45 bootstrap W7 [J]. F M %% 2, 2007, 28 (5) ¢
1395-1400.

XIA Xintao, CHEN Xiaoyang, ZHANG Yongzhen, et al.
Maximum entropy probability distribution and bootstrap

inference of space bearing friction moment[ ] ]. Journal of



509 4]

TR A UK R B

B RS H-A S B A T i

2135

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Astronautics,2007,28(5) :1395-1400. (in Chinese)
B R SR IR 20 A% 3 B AR R 6 I A% 3o T S M R R
(1] iz 3h J1 5 4%, 2012, 27(5) : 1080-1086.

ZHAO Wei, ZHANG Yimin. Reliability sensitivity of vi-
bration transfer path systems[]]. Journal of Aerospace
Power,2012,27(5) :1080-1086. (in Chinese)

W SCHT X0 B, R PR A Bayes B AR ME IS IE 1K 56 % i
(I, Wizs 3 F 4%, 2012, 27(1) . 110-117.

FENG Wenzhe. LIU Qi. Bayesian reliability demonstration
test design for binomial distributed product[]J]. Journal of
Aerospace Power,2012,27(1):110-117. (in Chinese)

XTA Xintao. Forecasting method for product reliability
along with performance data[J]. Journal of Failure Analy-
sis and Prevention,2012,12(5) :532-540.

Pierce D M, Zeyen B. Huigens B M, et al. Predicting the
failure probability of device features in MEMS[ ] ]. IEEE
Transactions on Device and Materials Reliability, 2011, 11
(3):433-441.

B RIS BH Sk iR, 55 RSBl R IR 3 i K [ B 3 3
AL ST (], fiias 3 125 4%, 2007, 22(1) 1 156-162.

XIA Xintao, CHEN Xiaoyang, ZHANG Yongzhen, et al.
Dynamic assessment and diagnosis of vibration of rolling
bearing using grey bootstrap [ J]. Journal of Aerospace
Power,2007,22(1):156-162. (in Chinese)

BOps, £ AN U, S R SRR AR 3 RS SR
AT A2 3122 4] . 2004, 19(3) : 424428,

XIA Xintao»WANG Zhongyu,SUN Liming.et al. On rela-
tionship between vibration and noise of rolling bearing
using grey system theory[}] ]. Journal of \Aercspace Power,
2004,19(3):424-428. (in Chinese)

B IR ST A A BN B0 A =
BOBAT IR 43 A0 Al S B UG A X L) . 2 3l ) 2 4
2013,28(3)3481-488,

XIA Xintao, XU Yongzhi, JIN Yinping, et al. Assessment
for optimum confidence interval of reliability with three-
parameter Weibull distribution using bootstrap weighted-
norm method [ J]. Journal of Aerospace Power, 2013, 28
(3):481-488. (in Chinese)

SRR, PR A 4, XS Y A5 S IR 3R I I SO 14 VR ) il R -
T RoARL Mg Sy AR LT ] A= 8h J1 4. 2008, 23

[17]

(18]

[19]

[20]

[21]

[22]

[23]

(9):1731-1736.

ZHANG Yaoqgiang , CHEN Jianjun, DENG Sier, et al. Non-
linear dynamic characteristics of a rolling bearing-rotor
system with surface waviness[J]. Journal of Aerospace
Power,2008,23(9):1731-1736. (in Chinese)

FEB UK, S B B 5Kk TR B R AR 2 b R Ty R %
KR GRS R R () ). %5 3l 01 % 4, 200621 (2)
366-373.

TANG Yunbing. GAO Deping. LUO Guihuo. Non-linear
bearing force of the rolling ball bearing and its influence on
vibration of bearing system[]J]. Journal of Aerospace Pow-
er,2006,21(2):366-373. (in Chinese)

B S N, ST SRR 1) B ALY R S il ROIR S
ARR [T M8 8 3 %4, 2008, 23(12) : 2190-2195.
MIAO Xuewen, TIAN Ximing, HONG Jie. Grade-life
model of rolling bearing based on support vector machine
[J]. Journal of Aerospacé Power, 2008, 23 (12): 2190-
2195. (in Chinese)

Abbasi B, Niaki S T A, Khalife M A,et/al. A hybrid varia-
ble neighborhood search'and simulated annealing algorithm
t0 estimate the three parameters of the Weibull distribu-
tion[ ] J-Expert Systems with Applications,2011,38(1):
700-708.

ElAdIl M E. Predicting fdture lifetime based on random
number-of three parameters Weibull distribution [ ] J.
Mathematics and Computers in Simulation, 2011, 81(9):
1842-1854.

Bartkute-Norkuniene V, Sakalauskas L. Consistent estima-
tor of the shape parameter of three-dimensional Weibull
distribution[ J ]. Communications in Statistics-Theory and
Methods,2011,40(16) :2985-2996.

Toasa Caiza P D, Ummenhofer T. General probability
weighted moments for the three-parameter Weibull distri-
bution and their application in S-N curves modeling [ ]].
International Journal of Fatigue,2011,33(12):1533-1538.
RO B V. st A 7 S 1 TP Al A R b R R 452 ) AR
(1], 7R . 2014(1) : 27-30.

XU Yongzhi, XIA Xintao. Assessment of friction torque
for space bearing using genetic-variation method[ ] ]. Bear-

ing,2014(1):27-30. (in Chinese)



