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Lubrication scheme of flow control valve used in space

CHEN Zhan, WANG Ke-li, HE Wei-tao, QI Zeng-qiang
(Xi’an Aerospace Propulsion Institute, Xi’an 710100, China)

Abstract; Since there are many movement components in the flow control valve which works in
the pressure of less than 10" Pa, the liquid-lubrication is unsuitable for it. The valve pintle is marinat-
ed in the propellant (N,O, and MON-1), so there is no mature solve scheme at present. In this paper, a
lubrication scheme for the movement components of the valve is presented, in which the pairs of
movement components that do not contact with propellant are made up of self-lubrication material or
are wrapped up in a solid lubrication film; as for the the lubrication of the valve pintle, three methods
are proposed such as physical vapor deposition diamond-like carbon (DLC) film, TiN-Au compound
film and pure Au film. A brand-new ion-gilding scheme for the pintle lubrication was chosen accord-
ing to the results of the tests and the comparison.
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Fig. 1 Schematic diagram of valve structure

BT TAE BT : T *%‘%%iﬂ*ﬁiﬁﬁ‘
B, VESIRSG (LIEHALMLZID) 3Rk
B8, REERSE, ﬂﬁu@%mﬁwgﬂm
ik,

M LA, W TAEBIE LT 4 MiEsh
a. fRIRER I AT 2 M B S5 AR 7SI
b. L RIER  GRZHITR) ;
C. %HEU;
d. BES558k,
He, ERBAESNRFERSAET L

o WIS TAERRRE MREsR, WITRT /R, &
BALTEARE; B/ TERN, O BEBEHL L
Mo nEz, LTRSS AR,

REZSIET, MAEESELMAR. &
RIBEER . SIEERAGIRYS, BMAES
57 EE R RGBT, LR R LURK
K, BUEEMRERRIVRER, WiMSEOREH
FEEEREBUINE . SRAKEM (it k=t
%), wEMKESKERTHEY B, SBU™
HAHE, RERE.

B 7E TAEM R H J1<10™" Pa B, BEIFRY
HE . PSR —REORAERE

2 WITT/ERE ST

2.1 BWIEHRE
2.1.1 MREAHE

KE RV T I RIS, BRad e 5 0
WE(E CANERI)  me i SR i 50 1 2 SRR AT
Wit, XMIFRETIIMERILETES .

1) CkEIR S, K AMIE SRR
3ly;

2) kB EXRIVEILARSIE RS 5

3) EEANET, KEHEEEEERE OFH)
HRAEEWEREEN S REERETIE™EDY
ES BB AFEEL.

212 A&

I LA J1<10™ Pa,

T8 AT IR, A B Ak ) B LA AR A
RMUZAIRE S RAEMBHEY BES S8,
MBS IR

EfHMIEEMRSE T RS KR, 2BR5
TR R B AR AR, 48 TE THEW
AR FUAh R
2.1.3 B4

HTRITENZ R, RFEEL EARRTE
MR, HFURLREXTIR AR, B AR
FH, 7£ 36 000 km [l TEHIE L, 68~4%
10° P PR/ RN R, P IRERA AN, Wi
TAEMAARNSHRRErmAg, H—-EREWan



5 38 % % 43

PR R, . S EE T RIEE

51

PIFE ZE R BIMME AP % B SS G B S 1.
214 BE

BT CAERHREE, $EELRIIE 0 CUA L,
2.15 HES

BT FE SPIRES, B s (B
M) ASEVMZ R RERAmMALE S, LHE
MEIRET KR BN B E, FBEHRE
28 BE AL B AL TR IE W TAE . Bk, ESR AT
SR F B ME 1 R0 B IR T AR R B R B
22 BWMNEHMES = ERERS M

By 2.1 #R ] 0L, WRITE TR R hZ 2 v
&, ERESEMENSMHT I, nRREIIR
TR IRANEIR AL EE, HiZshE 5 Ak E
g
221 BFE

UM RELAAT, E—CRIET 5 RAR
., REMENRES:

1) TEABERT,;

2) GisYfRm;

3) JCUEE IR ;

4) BEAA RIS ;

5) HASHIE,

— RS, BAREEM R (RRAtEE R
B BERAKE N1, IRBALRE KA i
XEREE RS K, MIEKEGES T

s

D) SR AR s | AR

2) AR, PUBHARZDRE X
LN

3) TERRTERIE
222 €%

H Fiz shid R E TSRO FI R AFER N
PR, MR enpEi S RAE R, K
RESIEME . BT AEM, S RA R
AHXE I A 2% T A T A TR R e 5 R R

MREMRREAR, B3 ER S A%
12

BARRIEIT . fFeg TR b B AR KL
FLUAHERA () REERIT, REZM
EAES VIBHAOHEEZ A E L. SRH

A4 6AL-4V (TC4) WA, HEHE L Hk
AL, SRJG RS MoS, MR IRKE 41 BTk
B, VIEPRERZREAEEK Inconel 718 (B
a8 W, AR RmT .

1) HTEMEEMZ A RLE THHAER, K
M5 AR HR BT R,

2) HiEERE R TRSE RS AT 8Rl
BEEH;

3) KitidfEd, EXHRISGIEEKESS
FRH B AREARA B HRIEFE R T HAETLZ
HIERE B4,

ik, MBI+ CSEM KB FIBFIE .0
(ARC) WAL, BREREIE T AP 1L
MR, FEFUTILE:

1) SRR SRR R R RN R

2) B —AXHEER L —ZHER . R,
VEWRE (QATIC. TiN) s TR mE L ;

3) XHBEEm (Ra>l pm), HASE MoS, 5k
PTFE P AR RS 45 1818 1 R B — X HETH

3 Z[EEEME

B0 BN AR B A B AR,
THERBHTHRANE.
3.1 EEiEaEse

1 FAREE —HFE. RS, A%,
ABEAME. FE5, LEFIS/EALN

2) REYW RUNUFRZHE. RaamE. k. @
B TRERLE . BRI

3) ReERE &R, &

4) E4k¥ PbO/SIO,, B,0yPbS, MoO;
3.2 iREiEE R

D 7Y GRELEY W

2) BRM ARZRHEE o HE . 2B
(&FUREL-PFPEs) . 25t EE (MAC) |
GBHUE. REEM

B R R AR R R EESEA K
B OKERSE. MR, mReRE. 4FE. KA
. HERIEE, KK, VM (FER/ATE
B REEdE (BRERKHBE &SRR



52 kOHioHE Ot

201248 A

EHK ML, WERNTTHEEN TR EY R
CVCM) |, H#t, #eR . KR-RiERHE, H
HEREENSECNERE. BRT, EINE R
PRI & RIREE, AP SAFEEL (Cas-
trol) 7\ 7] A2 7= ] Braycote 601 35 = B 1 18
fig, HZKERN 5x10"° Pa (20 C), {HES. £
FHEASWUSEERREE, HIE. Bk
HAEE&RASFERBEEEHTRESEL,

4 BITEBAR

WRIBRTERR TAEE N, #EHMzshEm
HE

D) f&EREEERT B3R A PTFE KRB R
(PD, #RLEA BRI B IEEERE;

2) HHLEMEARE . BRI aRiE
T4t MoS, J7 28

3) A& 22 AT RIS AT L R i 45
W5 MoS, 7 I8 .

B TR CAESR SR A Reak . (CLAERT B
B, HEARERF MoS,. BREIEIEF RFHVE,
TR HE
4.1 WEEZEIELR

BLEAE R TCA, 52T iliz sl 7o i bt
K 2A14. KEEMMEREEM. SR
PO AR . FEBRAFAUT =
;"j—i :

D HKeaatbeEiEsm, BAMRBERERS
a5k

2) AWM, HEEhetEE B R EUR K
(>0.5) ;

3) HEEK, WEMKREZE. BREE&EMT
HEEsh TG, TAERZAES KL . WLME
HAHENL

RSB ANERE S BIELU T A

1) Bk B RS ETBE;

2) FEFPHM AL

3) HPE;

4) PVDRJZ, W TIN, TiC & CiN %,

BAEEMEAREEM. RES, BRARK
WIBE ., (RAERE . R K R B 508 BUR BORG
EBEBMBSG, EESXEFT, SE5&EAHS
HAlRER AR (1>0.5) . ESREMFRNS
BE—BAELAU AL

1) WEEFAREAL;

2) HIPEHL,

42 WEEEBAR

RIEEHBIEW, B L RBUBEERS T
S, TERFR A, MRAEIRE S EEE AR R,
BHEUT=FHAE.

421 BEEXAWEARMEARE (PVD) £ 4R
% (DLC)

RENAEARERIRYEERE. LRH
PLEBBIERELL KT BN RE, SRR, HEETE
IREARMER T, E—Fp LR BT B s BB B
AR, SR E I HFHEEAFIET K
IR FAME . B X EAMEDL T R B, TERKSE
HEEFE, WHias . MEXUKLRISE S5 AN
RS PG ZERERAE 2 2~3 pm B84
WG, "TLAARER RS e EEeE, HE
ATk 8 000 h LA & EE . MRZ Wi s KR
FERGR AR EIEIE SRR EARERS
TRRRIT BETERE, BEIRT BEBEAREL, MHHIRH
JAPERBCRENT 5 TR L.

422 WK LHBEBAMENA T (F4) -TiN-Au
2AHE

TiN )2 BAH B i i B bt ib s, 2
RHERRNE, MeREA RIFHLERESRR
KB VISRE, R HEEREUN, BHE B
RORRBEAR . ARERE MW E TR . FIAER
EE FRA TIN-Au E &R, BHA BRI E
APTEEVERE, BEAENIAT ZIA3E N BRI A AR R
K, BEAKSSFREBE (0.12~0.15) M4, 7
CHRPTI T (FEHA) -TiN-Au BZHEREINE
1 fim. BIE 1 WJUFS, TiN-Au BEZSSHHE
A R AR
423 RELEFER T

TEW R TR M F AR T R AL,



38 H4l

BR R, . S[EFEE T RKIEE

53

# 1 Ti-TiN-Au JE2HRE (REHE)

Tab. 1 Performance of Ti-TiN~Au film (atmospheric environment)

(LA LS FEBEREL Tt B 5 /AR i S ERFT/N BERE/HV
TiN 0.3~0.6 =3x10° 38+3 750425
Au 0.12~0.15 =(1:0.2)x10° 1533 135:15

TiN-Au 0.11~0.14 =3x10° 544 250+18
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Fig. 2 Test equipment of tribological properties
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Tab. 2 Test results of film tribological properties

IR HZSHE(1x107 Pa)
TR
FEE R i S UK FEHFH i BES - /K
DLC 0.075~0.1 =8x10° 0.005~0.75 <900
TiN-Au 0.15~0.25 = 1x10° 0.15~0.25 <900
Au 0.15~0.25 =5x10* 0.15~0.25 =5x10°
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