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Space Environment Effects on Lubricants
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Abstract: Spacecrafts, such as satellites, manned spaceships, spacelabs and space stations, involve many mechanical
moving parts. Lubricating materials and technologies are important for the mechanical moving parts to reduce the friction/
wear and to improve the service life and reliability. In real space environment, the lubricants perhaps undergo various
environment factors, such as hard vacuum, extreme temperature, temperature cycling, atomic oxygen, ultraviolet, proton,
electron, micrometeorites, space debris, and so on. These space environment factors may result in the change in the
structure and composition of the lubricants, the property deterioration, and even the lubrication failure for the mechanical
moving parts. This paper introduced the effects of these space environment factors on the lubricants including solid
lubricants (layered transition metal disulfides, soft metals and polymers) , lubricating oils and greases, in which the hard
vacuum, exireme temperature, temperature cycling and atomic oxygen were discussed emphatically. Finally, the further

research on the space lubricants was also discussed.
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Table 1 Spacecraft failures due to space environment factors!?’
Spacecraft Environment Anomaly Description
Spacec: factor y Descrip
Electrostatic The discharge disabled the momentum
Intelsat K . - .
discharge wheel control circuitry on the satellite.
Electrostatic An electrostatic discharge caused the
FY-1 . . .
discharge failure of the attitude control system.
. . The Space Shuttle Atlantis suffered two
Micrometeorite . .
STS45 . gouges on the upper portion of the right
/space debris . .
wing leading edge.
Contamination from residual gas mole-
Landsat-3 Neutral gas cules caused the degradation to onboard
sensors
Th 1 1di { th 1
JERS-1 Temperature he co d welding o .t e deployment
pins due to faulty lubrication
Stresses in the conductors due to ther-
Landsat4  Temperature  mal cycling caused the failure of power
cables on two of the four solar arrays.
Solar panel degradation induced by in-
GOES-7 Radiation tense Solar X-rays led to a 2 to 3 year de-

crease in the expected life of the satellite.
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Fig. 1  Space environment exposure device for lubricants installed

on Shenzhou-7 manned spaceship
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Table 2 Physical properties of PFPEs and MACs lubricants ]

Physical properties Fomblin™ Pennzane ®
725(PFPEs)  HF -2000( MACs)
Average molecular weight 9500 1000
Viscosity (200 °C , ¢St) 255 330
Viscosity index 355 137
Pour point (°C) -66 -55

20°C 3.9x10°1° 2.2x10°1

Vapour pressure

(Pa) 100C 1.3 %10 1.3x10°8
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Table 3 Effects of space environmental factors on spacecrafts in

different orbits!3-6]

Environment factor LEO MEO GEO
Direct sunlight 4 4 4
Gravity field 3 3 0
Magnetic field 3 3 0
Van Allen belts 0-5 8-5 1
Solar flare particles 0-4 3 5
Galactic cosmic rays 0-4 3 5
Debris objects 7 3-0 3
Micrometeoroids 3 3 3
Tonosphere 3 1 0
Hot plasma 0-3 0 5
Natural gas 9-17 3-0 0
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Table 4 AO reactivity coefficients of metal films from space flight

experiments?”> 28

Metal films Spacecraft AO fluence AO reactivity coefficient
flown (10% atom +em %) (10~% em®-atom ™)
Cu LDEF 69.3 8.7
Ag LDEF 69.3 2.9
Au EOIM-2 3.5 0

LR B 22 N A W BRI 5 BT R Ag T Y 25 (]
RBERON AT TN R A MBI
23 8] RAT B TSR IG, X Ag WA A Ji - 4EU 8O L
HEAT TR, il & SRR T Ag Wi
M TR PERE R BRI AR, MLAME K& T —Fl Ag B
MBI AR o X AL 5" 2 IR R R 1 Ag [ Ag
R [T O o B TR S WA Ry T S S HLE
B VERENT T R B, A5 PR B iR 2 5 B Ag W A9 450
o, AW ERER Ag O, [NV FII 1 (9 BT
WG TR RITH, R Ag WA 5
TR PR i B R o P R AR MO B e e
TASUREGRN, Wi Co LR B Ag-
Cu & WA L2l Ag i 15 2 B HG 3 4 A T i1 41
AE. Tl A 09 Ag-Cu W 32 B2 3 B 100 527 4544 Ag
FUTRLCSLTT 450 AgCu & G Y G A ZE M, AL 2L Ag
VIR, A A R I O AN A A5 o b TS S s
[AIPR5E R R IR 4 R R, A 7 S R i R A 22 5
i Ag-Cu WA AAL, HILA AT 20 BAR T 40 Ag
TS, A bt R PR 2 1 B A A TR L B T A Ag
R

Mo 2 ) R R A 45 R R WY, il iR Cu TR
AE—E R P Ag WEBE A T S PR RE, (BT A



55781

e I A6 ST R R A 25 1) PR 2800 487

AESE 4z B TSR i S A . ST, P RS e
NS BT 5 B AT Ag WERE K T BT RP BT )2
B3 3o A D T A Ag PR R T TLBUS L2979 2 nm
AR dR SR g SIN R o MU EUAT S R B, TR
RMAVEHITT AR & Siosl SiN B 372 R A AL 2P K Sio,
JZ, Si0, = AT BH Ak J 1 4 1) 1R P B AR, X Ag i
JRRAE RGBT . I EE SR VR RER R, AR dh Si
o SiN B2 2 Ag IR TE U 3 B S5 00 4R B BER B
— AR e Y B 4 AR M, (L R AR i S AR A
J B EE SR AR MR RS AR — 2L

ST T SR T s ] PR B AR R 2 IS Ag SRR
J Y A, DR > < T [ A T A ) 4 B T
T 23 [0 BRI 0 5 S AR PR, AR 2 R R 4R A
o X TREEAH G B EAEE AR, T 25
AL, AT L% I ] 2% R 1) 25 18] BR 358 o2 T s ¢
R DR, R I R P I L 3z 3 75 iy R R
Rooij 1Ay, Ag FEBIE =1 2 400 km (1953 (0] 5T, AEAF
() ot L FEE £ 24 300 wm ™ XK 4 o 047 g T R
UM AR RE, (HI A BE SE 42 BHL Lk 5 O HER A
TERC IR AR R =, Al A 8 R T A A,
R AR AR, B A o [ R T b BB T 32 3
WRPER I, 1z Bl R EE 8 R 2 Ak T 4 22 A X s Bk
&, HREPPTIEREIEBUS , BEEHCE R R S
WRER, BLTERRER MR T, T H SR g AT
o B TR AR

Au TE B R0 HA RAF i i PR e, 4801
Je TR X I N BURE, IR AT Rl e T
F i 825 (M PRI 2 3l R AF
3.3.3 RFAXMRESMHF G

RG WAL 23 (R PR AL 3 23R BN S AL A
B, BRI T FER T AR IR T,
REWH B2y 8 miB i Co, €O, H,0, NO ZF
RN Y, NI B R BT, RS il
T IR VUG 2 PR B 1 S S e A B R
B, X T REE N . RIUR MR, R AR
F R 5T AR A, BRI R IE T T
A AR REL

JET AR il 2 5 R A AR A PR RE R A
AWFIT RIS L e (9 i R 2 R
TAER PR R AR I RS PR BEAh, IR R R W
S RERA YRR R

ST IS A R IR AR i R Ay, DR A
BRI K B P B AR R e o 95 2 SRS 588 T I o e i
T3 SUBS U, AT SR ok 0 g 7 2 174 JBL - Sk o 3 e

K2y 2 MY, XFEZH TR A0 RS RER
T IV frle 2% TR 1A — SR AR AL 2 A48 T R A B P A
Y IR R R EE LR AL O, 2 WAV R R A Yt
LB 320 RS W R R T R TR Y
AR R, RS 45 I T B 4 3 R AR B B
AR ERAN B 56 42 BH 1E 7F 2l 25 BE 48 i 72 o i S 0 AR
Tl DRI, TERRER M ZS IR, JRG W EAEAE il i b1
R IR T 11 v DRSS o

®5 BNRZHEMEBRTRNEFERMmED

Table 5 AO erosion yield of PTFE and PI*

Materials Erosion yield (cm®-atom ")

PTFE ( Teflon) (0.03~0.5) x10~*

PI ( Kapton) 3.0 x10 "%
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