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Impact factors to friction characteristics of space
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Abstract: Friction coefficients of a space lubricating oil No. 4116 were experimented on
the ball-on-disc experiment rig at various operating conditions, especially in high and low
temperature conditions. The influences of rolling speed, sliding speed, the maximum work-
ing pressure and oil inlet temperature on friction coefficient were researched by adopting the
orthogonal experimental design method. The curves of the friction coefficient versus each im-
pact factor were plotted respectively. The research results show that the sliding speed and
rolling speed have significant influence on the friction coefficient, while the oil inlet tempera-
ture and the maximum working pressure have only a certain influence on the friction coeffi-
cient. The friction coefficient of the oil increases with the increase of the sliding speed but
the increase amplitude becomes smaller and smaller., When the rolling speed increases, the fric-
tion coefficient decreases quickly until the rolling speed exceeds 20m/s and finally keeps at a stable
value. The oil inlet temperature below 0 °C has a bigger influence on the friction coefficient. The

friction coefficient increases slowly with the increase of the maximum working pressure.

Key words: space lubricating oil; friction characteristic; impact factor;
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%5 B #9 : 2015-05-05
EELWMB : HEHRB¥HEA (51475143,51105131)
TEE BN EHFHA972—) L B A 22 1 A S0 (1, 32 T A S AR i g R



2182 W oz @

531 %

Il 40 T B2 8 1 B2 oRE 2 W 2z Sl AL A il A i
AN BT BRAY AR A8 3 A TR G A
Z— PRI 0 5 Al B 3 T B E 5 BT R
SCOR T aa A7 R ARG S SR A Y A K il R
UnBE SRS R | TRAT AR L A R | SRR Tl
PR — fis e JH WA T T 5 kS A SR
SEREIN A TR | 4 90 R R 22 doe B IR e

WL A DU BRI L e L S R AR Sl 5
BL 2 IR B P AR I L 45 L — RO 7 4l B B
5T VT E WM A R0 64 2 S R R MR PLIE
JE AR I AL (SO AT AR HUVR 3h | 58 % A fil %
2y 0 B ok 0, (EL S g BRI T S bR
AT Y PR BRI S R VAR O K Bl R HR
SR 5 R T8 2 18] Ak T 50 T 0 TR A T IR A
DAL TR DR AT T B S ) R 4R R A B
T8 T 0 B R P R 22 B, DA aHe A AU 0T 2K Ji 3 i
S BRI AR T ST A 5 T SE 5 ¥R TR A i
TR T R0 A OF A 3 A i B

FIAI PN A0 56 T 50 K T 3 3 e e A T 98 K 22
A TP T T T I A0 T RS M L BT R S R 28 e M BE Y
WF5T . LA K30 B T T 9 ik R A 5 R 1 )
FEHOT OGP OR A O A v R SRR T L
TR L fith R B PF BE T S % D DU RS R TE PIR S R
Y JEE S PE T 9T 30 2 — I8 5. AR SCRA 4116 iR
1 T 9k R R A8 3 G A AU K i 7R 52 B T 0
(Y Bk BRI B L 58 B [A] T80 T BE 45 ) i I
>R FHIE A2 3 56 vk 73 v 1 T 31 2 45 A 1 0 52 ) (A
BRI R A B 7R 4 B A LA B Rl Y R
T E T UR W g S € TR BN S 1

1 REES

1.1 KEHER

AES BT Y 4116 i 2K i T8 il 2 DAPG B i
SRR B vty Sy Al vt A R AR A SR A RR
PEGF, 28 K BE /N IR i e S e o L PR e 2 4K
0CHizsh 8 E v=48. 12 mm’/s, — 20 “C i} 15 3}
5 v=98. 95 mm® /s, il & /N T — 70 °C, A A K
204 °C. 3l T W0 K ey 3 sk A H 3l AL el R B el
W48 By i
1.2 REEE

T0E T Y 1 JBE A R 0 A R K K
BLESEAT Y H FALES A an & 1 Ca) s, H AR
Jir SRR 38 7 T DL SCHR (19 0. S 7 B8 K il
PR AL PR B B0 T e A A e . IR A

FLAER R B E UL 1 (b, R SRR A A 4
BIL o 11 V2 35 ) b 2 V% O 4 T 5 i
TGRE T v (% 28 i BRI B 38 0 78 A 5 RS
T T I A A A R A AR RS 1Y TR EE IR i
HL B AL TR 2 A2 A g D v T vl O 28 B T
A U v I A8 O 5 TR HE AT B AS 6 ok K ) B AR
TR B2 S8R WL S AL T A7 2l 40 1 8 450 1 0 K v 1Y
A o (75 A AR IRL B X &) 23 A ) Bl
2T T IR R AR B P A R IR S L s A T
TR S 1) W i 6 W S A R 3K A R 2 3 A
DX HE b g SR R 2 A 0 ol A 40 i b Y 35k
A S BREL RS R T GCr15. 7E B8 W b
T — 1 i J3E A SRR DR A N 7E A 3K 2 422 i X 119 A
F I 8 K/ S 20 R B A5 5 &5 45 PID (pro-
portion,integration and differentiation) Jfi & 2 il
A, 5 B G 04 T B R AT B ROR TR S RS Vs o
TR 11 3 VR 0 36 DRI P ) ) R R DA T Ok 5 oA
THIE A B R IR R R AE TP, ORGSR T I
T I o o R ACH 0 5 A AR R
i 388 A 0 BRE AT A IS B IR R T e e
T ALk £ 3t B2 e R I A A T S PID

R

SRi{f

| Ay
i HE b

R

(a) IS HL LAY

FEERE Pl

32 e e

BT

(b) fILiRFH

BTl

Fig. 1 Experiment rig®!



%9

AR AR 4116 ST IR T b A R Y S e PR R

2183

JE 45 TSI A 1% T B T A oFe T o SRR A 1) 3 H, s
[ AT 42 o] 5% G 32 422 M DX 19 A 1 3R 3 3138
TR

TR B 5 TR 0 VI A 2 sk ek S 1 5
PER I ML R B 4 o X 5, th FERER S U
(A U 3000 5 Vi) e e o a2 3k A 2 ok DX B —
T JEL R (%) L 3 Vi e R R A R =2 18] 1 A X
B E AU=U, —U, (U, il U, 235 R 8Ri1F Fn
BT 2 Aok i A i e S ) 5 7 9k T 7 4 EE
P (UERR R 4251 I1) , BEHE 109 K/NAT LA ik
B AL v 0 R 488 ) A I A R T . 3K Ak 2 TR] BT I ik
Tia) 28 i 1 IS /N T P 28 A A e o U A L VR Bl R
A ER R A R N . A5 A A TR A K I i 3
HEAT T A5 o DAORTE SR 50 RS B . BRAN 810 R i 48
TR R Y o PR TIE 3R TEDRLRS B2 /N T 0. 02 pms 117 48
56 vh i fe /N R RE BE R F 0.1 e, T DA R HE R
T 5 AR UEBR AR AL T 58 4 T HOIR A BR A
3 THTRELRE X JEE 452 03 B A 52
1.3 EXREEIT

FERTRLT IR il 7R S B T30 9 D 56 v, R

[F] 0 T 00 280 R ol 3 FE 1 o | e K AR &
IR IHELD XoF i i R 5 R R R A AN (] R
BYSZR. S T T B 95 i i T I EE 48 e Y B
B2 o T L U0 90 e R A R B RN il B VR Bl il
AR B F T E 22 3850 43 B 7 1 0 R 48R P 1Y
S0 PR 2R HEAT A8 R R E S B 43 AL SR AR T A R R
Xof R A8 D] B 5 ), MOTR B B UL W B
AU K TAER T po FIA PR ¢ % 4 DK T
1) R 82 R B8 AT TE A iR B i 9. 4% X R KR
T AWZGRSEE U): A =5m/s, Ay =9m/s,
A;=15m/s, A, =20m/s; BIRIZ G sh#E AU) .
B =0.25m/s,B,=0.5m/s, B,=0.75m/s, B, =1
m/s;CHEERKTAERT p):C=1GPa,C=
1.2GPa,C,=1.35GPa,C,=1.5GPa; DN & (A
Oy o:D,=—20C,D,=0C,D;=30C,
D, =65°C.

MR 25 12006 728 o U, 45 6 1F 28 i 3 i i
A B CD~AB CD, tRHIRE, FH Li,4a°
DU B 2 UK IE SRS R AR B e HE I € 1, 3%
g 5 S A R BTk 2.

F1 EXRBEARREESR

Table 1 Orthogonal experiment plan and data

7K

Fes 3 5 c D WRE JEE 485 A
1 1 1 1 1 0.03623
2 1 2 2 2 0. 04021
3 1 3 3 3 0.04164
4 1 4 4 4 0. 04587
5 2 1 3 4 0. 02089
6 2 2 4 3 0.03275
7 2 3 1 2 0.03132
8 2 4 2 1 0.05261
9 3 1 4 2 0.02127
10 3 2 3 1 0.03215
11 3 3 2 4 0. 02505
12 3 4 1 3 0. 03335
13 4 1 2 3 0.01442
14 4 2 1 4 0.01366
15 4 3 4 1 0.03804
16 4 4 3 2 0. 03657
Ki;j 0. 04098 0. 02320 0. 02864 0.03975 0.03265 Z = 0.51603
Ky; 0. 03439 0.02969 0. 03307 0.032 34 0.03312
Ks; 0. 02795 0.03401 0.03281 0. 03054 0.03229
Ky; 0. 02567 0.04210 0.03448 0. 026 36 0.03094
R, 0.01531 0. 01890 0. 005 84 0.01339
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Fig. 2 Friction coefficient versus different factors
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Table 2 Variance analysis of the orthogonal experiment
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