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Abstract: The elastoplasticity sealing mechanisms of elastic metal seal (EMS) are discussed. The
development history for EMS in some cryogenic liquid rocket engines all over the world is reviewed.
According to the working features of high-pressure staged combustion LOX/kerosene engine, the
sealing characteristics of D seal, K seal, dish seal and soft metal seal used in the pipeline of
high-pressure staged combustion rocket engine are analyzed. Considering the structural design,
material selection, manufacturing technique and pre-tightening load control, some technical poi:nts
which determine the performance of the EMS are proposed. Aiming at the theoretical research and
engineering application status of Chinese EMS in high-pressure staged combustion rocket engine,
some suggestions related to the study of the EMS in the enhancement of the fundamental research,

improvement of the design method and deflection control of pre-tightening force are proposed.

KRB 2014-01-09; fEEIBM: 2014-03-25
1E&E®/T: BIE (1988—), 5, Wb, PIESENRERE T ZSPLaELT


















405 B3

FE, % REAMAREEIR SIS RES AR 13

4 BIEIRZHNEEERTHEK
RER

HEAMR A SV S R EH R, &
M. MTHERNERSPRFERAESR, X8
FENFEREHET . FREEE. MITTZ
BRI E S I TR .

41 BH&mIg

—ESR R EAMR R SR s S R
EREMESAMAEHTE, FABERE
3. AT, NESMAEMEm, Eitk, €T
FEHEEWEITe, MY BREEMER. 4
PR . EMRIE . FHHEENNREREmR
&7 TH F [a] R,

411 RFEHILE

ek 2 E AN R A - LR R
B ERMR R PSR B H SR R R R
RERER. —MH, FEMBEIRAHER
g2 EE, ERMmENE/NREZRA
ShEIRRE- M Sk
4.1.2 SHEE A

B SR ARYE B B R E BB AT AR,
RGBSR L8 E, HXWEREWHT
frAnigcaE, FRSESHEEER, RPLT
{ERTMMAE R S FERER, HitigREZeR
BEMRMNES, —BREBRE2ERE 24 5
Ab, REMARR B AR AEZER . BRHEC
AR MEREEE, DIg/NERRAHE 1B B
ZHIS R ST .

4.1.3 R E 1 A

EHN TSRS, MiESREHSWERR
ZRBE SN BT ER AR, k2
AT, SiSthEersREdaE
FRITHTE ST e S BN 2R E R ER
B, Ao nfEr B A wR . —RIREE2N
B ZRRASEREERIT Y. YRARSEEER
TORY, SRR B E A e
4.1.4 FHMEEH

HEERRESHM TIERET, bSRIEE S

b B R A S R B A AR, BRAR
AT E R £ 0 R S iR B R
EEN.

415 MREAWE W

NEEHE—FIBERT, SHBHIHES
MR, EEMTITFERSFANROESE
A, BEHERRTTRES B EX, FHAEEE
—E W E AR EE SRR T B sz,
FHEE S FRA RS RSB H L EATE
fak TR
4.2 LERawRiEE

BEAMR R LR RS R M4 TAE
ERE. BRMESHEMERHIFE, E%F
SR BT R RS B,

1) EXRFEHAENRE. EOMEHAN
FribsEtE, UM S EHNARAERR
FHAHAEYE, KATREBZEERIBEAE,
WEA RIFM SR . FTEARIUEmMERE.

2) BEXEMEIOERE . RE. WP
HAHE, AlinFEHERPHERGELRARE
BEAHE, FHERBEREEEFELBRES
30 HB,

3) BEHEHMERBEABRKEKRBHN
HBAGHIEERS S, FIINRSERELEA
#) GH3044 BiR&4, £ 20~400 CHFH#E
RFEBCH 1.31x10° /C, FIB, BRKEEFME
BRI R B REHZ KK,

4 MTERERERHREEREHNA,
TEAREMRAERM RS TSRS E
B, Bk —REREABRMKMBK R
RIFMIPTRAE B A Ase e, HiE T EA
B, RBRAEHNTRESE. flln, AFRAR
B, AT GH30M4 EEBALME,; ER&
RBEER, FATZHERAERME. #2
MR R ERERENR K AR R B IFIERE
. BB, THERMERE, FRINZESHEHTHME
%, ZEMAE. B/, 8. 8. . 5. SR,
RETENE, HEENBEHEE, —BA
EIRSEE; BEENRENET, SHAEDREMLSE



14 Kk # O

2014% 6 A

B. SHEERE—RIEH7E 20~80 mm.
4.3 MR MEH

FEREAMAR SV R S R, Y2 BT
IR T AR 2 R, 1R R IR PSR it
BRE. i ERH, XBNEFTERATHER
friRZE T K LA R SATHE N XA LB, Hit,
T EXTE AN MBS BT
il
43.1 F5A /N H

IEFRNE 5 h B R B N ERERITUE
AT A/DI A, — B, BRSSPI
ITBIEA Y 0% BAEBR SIFTINFE (IR L T
#1h5 50%, BEEIWER S 40%), RA 10%
ERgEES e B, EERB R/ NERE
RIEST R IVER A I B . AESEBRR
A, ZREBaEIP &R SRS, [
BFRBUEIR R, BN TR RS

B MR 7 R H A R R AN
HEFT., YEiEVIRE SRS E
RMEBK, Bik£50%EE, EimiBid T +10%H
MENREERER., BICRAHE-FAEN
BB R R, AT R TR TR EE
TE+15% 2 +8% LN

o, MYEHBREITETREMEE, £k
Rt P#eE@GNEEMEH, §%, 5%
THEBAK/DEEH
432 HFTHEHH

RANERKEEEER, FE/NERE
B, HMESSAEMSS, TR R E E R
B BEshigf LM R R I i 5 R A 3
ARy, HHEMRELT, MESBRTRA
“CSARITEER K HATEERT BREN, 7
PUREVE F7ESE S50 R BN ST 35,
44 MIFIEITE

MU RBREREHEEELIIMT., B
B, EGE. AbE . BB ALGEE T, &
WEEM T TZ6, SFURIEM T 3k &4 L
ARSI —8, BXREM LR, FHEM
WA MIEN . JJEMG. RIE. MR

MMBLEFEREE, B A% AU 7 8 LR
JiE Fe 2 AL T UL POl . B B L R 0
HUERARERRT W, KERNE, MIHE
R AR, BETHEE™. YURTIHIEEM
THBRTHAESES2FBEM R R N IEX,
FEHSHRMNEPEE, BHHERETHX
A= o7 7 JB

EFEHEWHIN T RFEIRS, FEES
HERLIT AR

D) REFREAREE —REHE 1.6 pm £
fi, ANEZEERAMET 04~08 pm, FRAL
[TBIEIE T B o

2) ERLEARTS, B BEERAR
RIMPAETE, FHAAAFRMERE, Bk
AL AR B SE B A o

3) WEREZARMHEELT, BiLERR
IR B AR

4) FRENRKSREREE, THEES
At RERE

5 &RiE

Mt REH AR EAMARSINE HRE
R —TERRE K, ERSPBEHFRA D
EEs . KB, BEEHNRSREHER
TR, ERAFH . AR, LR
EREHZIE, SRR T RHUSERE TR
ERBMERATEES, & TR
E 38

MERTHEISHI R R TRMABRKE, &
FEAMAR R shpL st & R 8 R BI PR
WLBF BRI, Fln, MTHRENN
BAERPFRBRAER, W FEsSEMEEL
BEARTERERA, %, ETRAMKERE
HIFRRE, BIESETTR TP IfE:

1) PSR SR 6 8 % I RERL BRI .
BYEFE PR B A AR T
HYLE, NREEEMRESERLR, At
—B RRAEE . BEEREIEIOLH M AR,
BAER., R4, TRNESHE, FRE—-$



a0k E3IH &

1, %. BEAMAMCE/E R SV &R B EARBY 15

2) EEHUSRBEHWEHRIT T, £
GGRERIT T ERE R, SRt
WK, BERBAR, AR THEMESREHS
WM L. BRBRTFAR “BOt-ai-mik” 1
— AL TR, LRSS BITRER, 4
PR, BB R A

3) FREMSREH N BE N WERIT
Ko M LERPRAXNTRE N HEHTEL TR
B, MEMRERTTRENES LE. BER
BEEMBEERE, FEFRLITARIE
TAE, SRR R A ES SRR 2w, B
W, ATRABUE N WERH IR

SEIM:

[1] & H. SEAMAREE A SIPLM]. Jbet: BRF Tk
HARAL, 2005.

[2] PRER. R X F R SNIAR LRI M) R TA &
Jbxt: FEFH S L. 2004.

[3] KT &, X ERR. B KERSPLIRITM]. Je5: FALH
AL, 1994.

[4] XIER, EFF, KT &, %. Wik HZSHHUREM].
U5 FHH AR, 1993.

[5] &%, H{AEh, LA, ¥ SBEFEHVLHBIEI]. H
5%, 2007, 32(10):97-99.

(6] B, RIZE. K25 RE A BHREEMIEER
(1. B LB R : HARENR, 2008, 6(2):26-31.

[7] GOOCH B. A unique metal to metal seal for space joints,
670566 [R]. USA : Clumbus Lab, 1967.

[8] DAWN R P, ROBERT J W. Seal analysis for the Ares-I

upper stage fuel tank manhole covers, AIAA2010-2783
[R]. USA: AIAA, 2010.

{9] DAWN R P, ROBERT J W. Seal joint analysis and design
for the Ares-I upper stage LOX tank, AIAA2011-1721
[R]. USA: AIAA, 2011.

[10] TOPBAYEB A M, TPOMBIKO B M, MATBEEB E M, et
al. PasbeMHOE HENOABWXHOE YIUIOTHUTENBHOE YCTpO#-
crBo: SU, SU1499031A1[P]. 1989-07-08.

[11] TOPBAYEB A U, TPOMBIKO B M, EBTPA®OB B M,
et al Pa3beMHO€ HEMOABIKHOE YIVIOTHUTENBHOE YCTPOU-
crBo: SU, SU1499032A2([P]. 1989-08-07.

{12] TPOMBIKO b M, MATBEEB E M, MUTIOKOB IO B,
et al. Pa3beMHOe HEMOJBIDKHOE YIUIOTHUTEIbHOE YCTPO#-
crBo: RU, RU2159373C 1[P). 2000-11-20.

[13] ZIENKIEWICZ O C, TAYLOR R L. BRIt ¥, E#k
JIE(BE )M S IR BT, A4, 3% Jbat X
% R4, 2006.

(14] FEH, /M|, BESRE, . BT ABAQUS WA FRitsr
AR A M]. JLa: AR AR, 2009.

(15] B8, EAAE, Rk, % A BX K B REHANE
DTS [T]. K EFHEHE, 2013, 39(6):3541.

(16] AR B, BEBA K S ZSIVLBERE ST,
&, 2000, 21(4):16-19.

[17] BHEE, OBER, ZUE. K2 BEHEWTHEER
EIFERIE[). kETHEDE, 2012, 38(3):27-33.

(18] ht. Ak K & & SRR HM). Y, #%. b
FAL AL, 1992.

[19] WA SR, A& B 5iHEM). BAHE, ¥ B
EHEREBORSCER HE AL, 1984,

[20] EFE. iR W ERBEHEARAMEE TZ0]. X
TZ, 1999 (2):11-16.

(i BRAOE)



