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Abstract; To explore the effect of space environment on the working life of solid-lubricated rotating
parts and forecast their working life in orbit, the influence of space environment on solid-lubricated
films was analyzed. The analysis points out that three main factors are relative to the working life of
the space rotating parts, which are space launch environment, vacuum degree and alternating temper-
ature. A life test was designed to simulate the three factors, in which the mechanical test was used to
simulate space launch environment, and the thermal vacuum test was taken to simulate the vacuum
and alternating temperature. The X-ray Energy Dispersive Spectrometer (EDS) was used to analyze
the film composition of the unworn race and the worn race for a bearing in the solid-lubricated rotating
part as well as ball surface materials. The analysis results show that the transfer {ilm has not formed.
On the result, it forecasts that the working life of the solid-lubricated rotating part in the test would

be up to 107 times. Finally, it gives some necessary suggests that should been taken to increase the re-
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liability and improve the work life of space rotating parts.

Key words: space environment; MoS; solid lubrication;rotating part;life on the orbit
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Tab. 1

EDS elementary analysis on unworn region

of inner ring raceway of 1# bearing

Mass fraction Atomic number

Element Line Cnts/s
/(%) score/ (%)
S Ka 6. 38 64. 89 11.14
Cr Ka 16. 87 110. 81 18.18
Fe Ka 61.65 274. 60 61. 86
Mo La 15.10 69. 26 8. 82
Total 100. 00
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Tab. 2 EDS elementary analysis on worn region of

inner ring raceway of 1# bearing

Mass fraction Atomic number

Element Line Cnts/s
/(%) score/ (%)
Cr Ka 19. 58 137.01 20. 86
Fe Ka 78. 85 348.18 78.23
Mo La 1.57 6.69 0. 90
Total 100. 00
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Tab. 3 EDS elementary analysis on unworn region

of outer ring raceway of 1# bearing

Mass Fraction Atomic number

Element Line Cnts/s
/(%) score/ (%)
S Ka 13.10 139.61 23.03
Cr Ka 12,11 74.66 13.13
Fe Ka 47.11 207.78 47.57
Mo La 27.68 132.98 16. 27
Total 100. 00
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Tab. 4 EDS elementary analysis on worn region of

outer ring raceway of 1# bearing

Mass Fraction Atomic number

Element Line Cnts/s
/(%) score/ (%)
Cr Ka 18. 63 161. 19 19.99
Fe Ka 78. 30 430. 00 78.23
Mo La 3.07 16. 36 1.79
Total 100. 00
H1 T3z Bl AR 0 B 45 0 R B R e

B, HIEJR Mo R5e R L 1 2 SRR 2k
. M EREE AT LUAE B i TR R, B
DLl P B VR S 451 A A el T
4.5.2 2% AR E S

I 5+ 2 2 Bl P VR T A B A o 1)
JLEIMIT N S JFe.Cr Mo, EDS 7 #r 45 i 5
iR, BT MR 8 s B S 27, 31%. Cr
12.02% Fe 43. 65% Ml Mo 17. 02 % ; 2 # il A& N
P R BE R Ay (TR D EE T E Mk Cr
Fe Mo, I&)Z 158 S 8 BT I 2050 B0k
Cr 19.72% .Fe 79. 33 % il Mo 0. 95%.



%12 4

FEELL S A RN MoS, [ 1A ¥ iz 3l #R 1 4 iy 15 Wi

3269

RS 2HHRANBERERERXEBH EDS TR

Tab.5 EDS elementary analysis on unworn region

of inner ring raceway of 2# bearing

Mass fraction

Atomic number

Element Line Cnts/s
/%) score/ (%)
S Ka 15.72 107. 77 27. 31
Cr Ka 11.22 43.43 12.02
Fe Ka 43.76 122. 32 43.65
Mo La 29. 30 90. 54 17.02
Total 100. 00

x6 28HFKNEREERXEH EDS TESN

Tab. 6 EDS elementary analysis on worn region

of inner ring raceway of 2 # bearing

Mass fraction

Atomic number

Element Line Cnts/s
/(%) score/ (%)
Cr Ka 18. 48 119. 32 19.72
Fe Ka 79. 88 324.77 79. 33
Mo La 1. 64 6. 44 0. 95
Total 100. 00

F8 24 HKINEREERXIGA EDS TE S
Tab. 8 EDS elementary analysis on worn region of

outer ring raceway of 2# bearing

Mass fraction Atomic number

Element Line Cnts/s
/(%) score/ (%)
Cr Ka 17. 64 119. 97 18.92
Fe Ka 79.51 342.15 79.42
Mo La 2.85 11. 86 1. 66
Total 100. 00
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Tab.7 EDS elementary analysis on unworn region

of outer ring raceway of 2% bearing

Mass fraction Atomic number
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Fig.5 SEM topographs of ball bearing surfaces

(a) 1# R E R
(a) 1# bearing ball
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Tab.9 EDS elementary analysis on ball

Element Line Cnts/s
/%) score/ (%)

S Ka 20. 03 142. 34 44,58

Cr Ka 3.25 12. 29 4.46

Fe Ka 7.21 21.97 9.22
Mo La 43. 39 139. 56 32.28
Au La 26.12 7.88 9.47
Total 100. 00

bearing surface of 1# bearing

Mass fraction

Atomic number

Element Line 1% Cnts/s score/ (%)
Cr Ka 17.18 87.28 18.23
Fe Ka 82. 82 261.77 81. 77

Total 100. 00
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Tab. 10 EDS elementary analysis on ball

bearing surface of 2% bearing

Mass fraction Atomic number

Element Line Cnts/s

/%) score/ (%)
Cr Ka 18. 22 126. 09 19. 30
Fe Ka 81.78 353.21 80. 70
Total 100. 00
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Fig. 6 Observational photos of two bearing retainers

under optical microscope(35X)
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