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Abstract; Based on super elasticity theory and nonlinear theory,the performances of Yx shape hydraulic sealing ring,
such as the sealing ring deformation , the contact pressure and stress were simulated by finite element method, the failure
position and patterns were analyzed ,the effect of parameters on sealing performance were studied , the structure optimization
model was put forward. Results show that the biggest stress appears in the intersection of lips,the largest deformation oc-
curs in Yx shape openings near inner lip, and the root of sealing ring has larger contact pressure , which could result in bite
phenomenon. The shear stress and maximum contact pressure increase significantly with the increase of medium pressure.
The maximum deformation increases linearly with the increase of initial compression ratio, maximum shear stress reaches to
the maximum when the compression rate is 20% . Notch fillet radius of Yx shape sealing ring has a little effect on seal per-
formance. With the increase of friction coefficient ,the maximum shear stress increases significantly ,but the maximum de-
formation and maximum contact pressure decrease. After structure size optimization,the sealing performance of Yx shape
hydraulic sealing ring is improved ,the contact width is decreased greatly, the friction and wear of sealing ring root is im-
proved ,and the service life of sealing is prolonged.
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Fig 1 Yx shape sealing ring section size
(a) and finite element model (b)

1.3 kA

7 5 B A0V R R SR PR 4 i 8T CONTAL72 0
HAR#I0 TARGEL69, T&EAFFVGREE AL 3 M E xS
AR AR, Yx TR B ) XA S AR A AT

RAFECEBER, ERERSHEER (3] #BE.

PP R LT E X FBARKE, H
FriH B Lagrange 3. §1 7. ) Lagrange e 1
2%, T xEEHBENBEAMFHEEMALER
SPEUN, BFFEERA, IBGEMMEMEESE, XE
R H M Lagrange ¥
L4 BREFHEmEF %

ARTEENFAEEHENEENNEEEA
B, MBYR2 M85 B—%, FAREEF B
REM Yx EREFHENZRETR, F xEBEL
TFTEERS; £, “®E” 4G, £ xEH
HIBEBIT O 4L 2 A i fin e FE 277, AR 1000 FE v Y
YEF o
2 WIERSH

UEBEREw H25%, SARES p 4 MPa, IR
EHEfH0.3, BHEEEOREALERH0.2 mm B,
BRES BT . 8L REME 4 A 2 ~
4 FiR. BE BRSNS R

(1) B RBMER SN 8 K8 fk N A7 /)
FILENER, SERAFRIMNE, BRI

(2) BRBYYIN ST e . 4RE % 3T BB 1 5
IR

o, <[7,] (5)
KH: o, WEHBEETHRTHAZHREKITN S
[7,] JREATEVFRSIRE, [1,] =4.6 MPa,

B2 BYLIN; 1A Mises i /78 (MPa)
Fig 2 Contour of shear stress and Mises stress (MPa)

B3 AZEE (mm)

Fig3 Contour of displacement ( mm)



68 HESEs

%36 %

1
NODAL SOLUTION

STEP=2
SUB=40
TIME=2
CONTPRES (AVG)
DMX=1.706
SMN=-1.307
SMX=8.629

B4 BEMEHNNEE (MPa)

Fig4 Contour of contact pressure (MPa)

B2 ~4 7] LUE H 8 K BY U1 RL 1 #1 Mises [ )
HMHALELTERILL, TRERRBLELE YxE
FOREANBL; BBERRNEMES, BibEs
P B S X 7 S T iR A VI X3 IR R 48 /s R B R B &
R BB M BB R S B B B R

H¥o,N 2.4 MPa, WA BIHE TR
SREE; EfEJIRH8.6 MPa, KRFARET, MixL
BT H BERA R
3 BEXEEMELEMNRRE

FIAH LREER, BIREGMSEM TESETEH
HREMIRZ I
31 ARAEAP

FHBEWR KT . B S, Mises [ Rl fh
AR BE S AL R i S fim . B R
Bf, BABEMMAHE; HENHEHM, Hp
KF 15 MPa b, YR i [7,] MARAEBVIRR;
1 p #Bit 5 MPa J5, Mises B I EEA R, &K
MEAMNTEENEREREK, BHRARTFARE
71, RERIEEEERE, (HEBEMTEE G m, EE
JiR, BRE, S¥MEHBNEM.

&4
5!? 3
52
£1 —~BKE s
£ ~ BANENS o,
% 5 1015 20
R IE 71 p/MPa
(a)
——BXEMEN o,
o 16 f —=—B AMisespt /1 o,
Elz
€ 8
€ 4
% 5 10 15
I+ B 77 p/MPa

(b)
E5 SrREAESERAR R

Fig 5 Effect of medium pressure on seal performances
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Fig 6 Effect of initial compression ratio on seal performances
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Fig 7 Effect of noth fillet radius on seal performances
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Fig 8 Effect of friction coefficient on seal performances
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Fig 10 The change of contact width before and after the optimization

NODAL SOLUTION ]

N OLU'
ODAL § TION STEP=2

STEP=2 SUB=40
SUB=40 TIME=2
TIME=2 CONTPRES (AVG)

CONTPRES (AVG)!
DMX=1.746
SMN=-845713
SMX=11.581

SMN=-1.149819
SMX=10.183

B 11 ARESR S MPa BHEALET. JSHERMEIZE (MPa)
Fig 11  Contour of contact pressure before and after the

optimization under medium pressure of 5 MPa (MPa)

5 ol T ) A R 4 A7 S AT AR R

F = af(p, +p,)ab (7
K. fRERESG p, ANMEET; p AMBBE
J1; a AEHEREER; b IEHEMERE,

B, FEEET, RALEHER BB
BB/, FHERBERTLBERE, FaE
BEHEEENGE, BREMESHRER D I
I, #R TARBE AR KEME N TIERR TRETE
M (RILRTIEH) SREHRRBRR,
5 &g

(1) YxJE&EH B TIER, BRBIVIN S Mises
MAEBIAE L TFBERILLA; BEHERXRBELELE
Yx B OREANEL; RBARROEMES, 3
B Re RAEBHIE

(2) EORMAXENEHEEEEWRN; E
JMRES, BRI IMAEE, (H3Y5 70 55
B, % p>15 MPa i, BYR st [+, ] WAL
KB ESp @it 5 MPa J5, Mises i J BAARE,
BREMESEN TR BEREHK, BHREAKTAH
ET), RAEREERE, BEME (THE 74 1)



74

B SEH

F36H

(2) MoS,-8b,0, EGMEERETRALAK
TERENEEFZERE, EXNHBEE®,

(3) EEWHEFREREABOLER MoS,-
Sb,0, K& WBRHRRIERE, BOWBERAN T, #
REBERNE S, REBENTRES®.

8% SOk

[1] Fleischauer P D,Hilton M R. Application of space tribology in
the USA[J]. Tribology International,1999,23:135 —139.

[2] Muratore C, Voevodin A A. Control of molybdenum disulfide
basal plane orientation during coating growth in pulsed mag-
netron sputtering discharges [ J]. Thin Solid Film,2009,517;
5605 - 5610.

[3] Renevier N M,Fox V C,Teer D G, et al. Coating characteristics
and tribological properties of sputter-deposited MoS,/metal
composite coatings deposited by closed field unbalanced mag-
netron sputter ion plating[ J]. Surface and Coatings Technolo-
£y,2000,127 .24 -37.

[4] Zabinski J S,Donley M S, Walck S D. The effects of dopants on
the chemistry and tribology of sputter-deposited MoS, films{ J .
Tribology Transations, 1995 ,4.:894 —904.

(5] FIEE, BT, BRI, & WHTIR MoS, BEEPBZE Ti ¢

Hem 5B mmrsRT]. ME 5%$,2006,31(11) .
21 -27.
Zhou Hui, Wen Qingping, Sang Ruipeng, et al. Study of struc-
ture and mechanical performance changes affected by doping Ti
in sputtered MoS, coating[ J]. Lubrication Engineering,2006,
31(11):21 -27.

[6) Fenker M,Balzer M,Kappl H, Savan A. Corrosion behaviour of
MoS, -based coatings deposited onto high speed steel by magne-
tron sputtering[ J]. Surface & Coatings Technology ,2006,201 ;

4099 -4104.

[7) Hu J J,Bultman J E, Zabinski J S. Microstructure and lubrica-
tion mechanism of multilayered MoS,/Sb, 0, thin films[ J]. Tri-
bology Letters,2006,21(2) :169 - 174.

(8] Fmg BRF, M5, 5. EPER BRI TR MoS,-Ti &

RGN S R BB AT AT (1] B 29, 2006, 26
(2):183 - 187.
Zhou Hui, Wen Qingping, Hao Hong, et al. Study of structural
and tribology properties of MoS,-Ti composite coating deposited
by unbalanced magnetron sputter[ J ]. Tribology,2006,26 (2) :
183 - 187.

[9] Scharf T W,Kotula P G,Prasad S V. Friction and wear mecha-
nisms in MoS,/Sb,0,/Au nanocomposite coatings [ J]. Acta
Materialia,2010,58 :4100 —4109.

[10] Roberts E W. Thin solid lubricant films in space[ J]. Tribology

International ,1990,23(2) :95.

(1] 0, Tse BE, % JUBUE S 3 b P R 12 IR AR

MoS,-Ti 5 HENEH S HERWHR(I]. HES5E
$},2009,34(5) .9 - 12.
Zhou Hui, Wan Zhihua, Zheng Jun, et al. Study of structure
and performance of unbalanced magnetron sputtering MoS,-Ti
coating affected by deposition pressure[ J]. Lubrication Engi-
neering,2009,34(5) .9 - 12.

(12] R, BKF,8E, % THAFEENEFER-ER U

2 MoS, -Ti H A MRS SR WE)). BE5ES,
2008,33(4) .1 -3.
Zhou Hui, Wen Qingping, Zheng Jun, et al. The Influence of
substrate table rotation rate on structure and performance of
unbalanced magnetron sputtering MoS,-Ti coating[ J]. Lubri-
cation Engineering,2008,33(4) .1 -3.

(L% 69 W) EhOREZMM, EEIER, BEHR
PE, 2ERESBENFS. RRELEIGRESR
RS hNT SR 3 K, B KBy R ) 7 TR 48 &R 0 20% Bt
BEIRK, REB/D. HOEALEN Yx EESHE
FHERMERBN, A5 0REHBAR, &
BEBOE RN, BRBTIN I BEM, BRAER
B KBl I 180 B/ DRI E

(3) FHBEMR LG, W HEREMRE,
EMTEARE/D, REERBIANE, BEEED,
] LA 3R B i B e B R R

B % Sk

(1] E5, 305, W H. BB Mooney-Rivlin B R o A1 ¥ 4

BasE [T]. R Bl i ,2004,25(4) .8 - 9.

Wang Wei, Deng Tao,Zhao Shugao. Determination for material

constants of rubber Mooney-Rivlin model[ J]. Special Purpose

Rubber Products,2004,25(4) :8 - 9.
(2] BR3E G/RE, ZXR. FRBETBFHS: THIM]. 4t

AR B TR HARAL, 1998:1634 - 1665.

(3] EA,.HES. XTHRE O BEHEK Ansys 2H7[J]. LT
AL TR ,2008,12(4) :48 - 50.
Wang Jie, Xie Yujun. Ansys analysis of rubber O-sealing ring
[J]. Journal of Liaoning University of Petroleum & Chemical
Technology ,2008,12(4) :48 - 50.

(4] B, RN EREERTRBEFIM]. UM BHLRE N
R4t ,2004 :227 - 230.

(5] 1E&W , BRIRE, TR0, % BB 0" L EH B WS HM
REENBFET]. Bk A BFHAR,2006,29(1) :13 ~ 14.
Ren Quanbin, Cai Timin, Wang Ronggiao, et al. Investigation on
structure parameters and failure criteria of “0”-type rubber
sealing ring[ J]. Journal of Solid Rocket Technology,2006,29
(1):13 -14.

(6] B HitHA Yx EHEOBRRTI]. HE 58 H,
2000,25(2) ;61 - 62.
Lu Shanglian. Approaching shape and size of Yx-packing of rod
seal{ J]. Lubrication Engineering,2000,25(2) .61 -62.





