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Abstract The development of ceranic matrix composites rocket engine thrusters abroad is revieved and the do-

mestic progress in ceramic matrix composites thrusters ispresented The progect of the gpplication of ceramic matrix
camposites thrusters at hame ispredicted

Key words Ceramic matrix canposites Rocket thruster

Hyper - Them HTC, Inc
(cv) C/siC
) H, (9) /0, (1) el )
] 457 mm, 254 mm, 35

(cr/sic) mm, 13 79 M Pa, 24 915N 2003

(SiC/SiC)
C/SC  SiC/SiC :H, (g) 10, (1)

2 050

, , 4 1MPa 1735 2N

, : 254 %10 mm/s( 1)
[2]

(a) C/SICREMBHENZ (b) RAERHR
1 1 H,(g) /10, ()
C/siC
11 Fig 1 C/SIiC canposites thrusters before and
during hot-fire testing

12007 - 01 - 04
, 1966

2007 4



Hyper - Them HTC, Inc 1700 2003 , C/

, 2 Sic 1 1MPa
, 5700 s, 1 900
(el Hi - DASA (EADS ST )
N icalon SiC ., oVl SiC (LPI)
H, (1) /10, (1) , c/sic t ,10N
2 7MPa, 2370 , ( 5) 400 (
30s 50 h) , DA-
A PIP 400 N
) C/siC ( 6)
c/Sic 5l c/sic 1 MPa 34 min
(PCS) : , 1277 1577
(PIP) , 2 0 g/an’
1 5mm, 5 08 mm
2 038°C, 17
M Pa, 4 6MPa 811s
1 5% c/Ssic

3)

(&) C/SICHAMERNS (b) HREMS
(REREE)

4 SEPC/SIC
Fig 4 C/SiC canbustion chanbers coated with layers

before and during hot-firing test

2 SiC/SiC
Fig 2 SiC/SIC composites thruster with
coolant containing tubes

(@) C/SICEAMBHENE (b) #AEER

5 DASA 10N
Fig5 10N C/SIC satellite thruster

(a) RAEMHH b HEE
3 M-3 c/sic

Fig 3 C/SIC thruster during post hot-firing test

12
20 80
Sace :
Trangportation SEP C/siC (a) 400N C/SICHEAHBEAR (b)) HREWR
e 4) 1998
Cc/SiC 6 400N C/siC
Fig 6 400N C/SiC combustion chanber before and
1MPa C/SiC 3200 s during hot-firing test
— 2 2007 4

2 © 1994-2010 China Academic Journal Electronic Publishing House. All rightsreserved.  http://www.cnki.net



EADS ST 1998 Ariane 5
C/sic e,
® 490 mm, 3 6 mm; ®1330mm, 14
mm; 1 360 mm 2000 ,
1 1 MPa, 150 s
( 8,
LPI ,
60%

RRTAZUA-UIR 32
S 39

(@) C/SICEAMEHEN=R (b) #iRERM
W SR B
7 Ariane5 C/SiC

Fig 7 Ariane 5 ceranic nozzle and

its hot-firing test

8 Arianeb

c/siC

Fig 8 Production of aestus nozzle structure by means of

winding technique at friedrichshafen production centre

c/sic
,EADS ST 500 N
(EAM) C/SiC #o (9,
c/sic
cvD
, 1 OMPa,
325 s 10 5 h, 15 c/
sic 2008
2007 4

(a) C/SICHAMBHENE
9 FEADS ST EAM 500N C/SiC

(b)

Rk

Fig 9 EADS ST 500 N European Apogee M otor
(EAM) and itsC/SIiC thruster

13
1989 8 “
1000 2000
Yanaguchi Hirohide M urata Hiroshige
(el PIP , 10
/
, NTO /N, H,,
26% 9%, , 22
S 1424
2
(SIsP) SisP -
, PIP , C/
SiC
, C/siC
, C/SiC
21 1140N
SisP * " , 30
M Pa, 1 140N,
c/c c/sic(ev),
, PIP
C/siC ,
2004 2 ,C/SiC
3MPa ,
120 s 20 s , 165
s 6 , 283
s C/siC
510 s 200 s
— 3 —



, 0 5pm/s C/SC

(a) C/SICHREHMBHENE (b) #REHB
(3 WPa)

10 1140N C/SiC
Fig 10 1 140N C/SiC camposites thruster during hot-firing test
22 490N

SIsP , 3 5MPa,
490 N, C/SiC PIP ,
1 5mm, 28¢g
, 120 s

11

(a) C/SICHREMBHENR (b) BRERKR
(ZE3-5 WPa)

11 490N C/SiC
Fig 11 C/SIC camposites thruster during hot-firing test
23 10kNC/SIC
C/siC ,
SISP 10 kN
c/siC , 58

12

i

(@) C/SiCHEAH B HB b) FwshRK
12 10 KN c/sic

Fig 12 10 kN C/SIC nozzle and during vibration testing
SISP CFC

C/siCc

— 4 —

4
31
1 700
, CJ/SiC
, EADS ST 500 N
32
Cc/siC ;
ARC U ltranet
c/siC
(1 BADS ST 500 N
CcvD
Cc/siC ,
C/SiC
, SISP
CcvD
, 120 s ,
33
, Cc/SsiC
34
C/SsiC ,
[6,12 13] CT [6,14]
CT
, C/SiC
( 11
2007

2 © 1994-2010 China Academic Journal Electronic Publishing House. All rightsreserved.  http://www.cnki.net



10%

(1) 3 mm ,
3 09 mm, 80° , = (2) :
4 191 mm, Lees , 80° y @y /O = 5mm, ,
0.1 a4 50 mm
fads (as+200)AB="LqA (9 ’ o %
(3)
JA 80° , ,
(5) : :
Q4 ( 04 )
(2) 50 mm ,  10° , 10°
1 Kolodziej P,BovlesJ V, Roberts C Ptmizing hypersonic
s=8 725 mm (6) sharp body concepts fran a theimal protection systan pergpective
s>3 09mm, Lees , Cho A AAZS - 1610
=Q 95q,, 2 Kolodziej P et al Shamp-11 technology demonstrator de-
29 velopment an aerothemodynamic pergective A INA2000 - 2681
# q ds= _3 %S =0 96gA (7) 3 Glass C E,Moss J N. Aeroothemodynanic characteristics in
(7) Q 9q,, the hyperonic camtinuum-rarefield transitional A AA 2001 - 2962
4  SsnbsW F N. Aerothemodynamic characteristics of
6 ’ flat-nose pover lav bodies in lov density hypersonic flon. A AA
2004 - 5381
(1) ' 5 , .
’ ,2003:36 38
2 3 ( )
2 3 3 )
( 4 ) 7 PeapenburgU,Beyer S Laube H et al Advanced ceranic
matrix composites (QMC’ s) for gace propulson systens
" ABA97- 3301
4 8 Beyer S, mmich H, Cahuzac H et al Advanced ceranic
! matrix composite materials for current and future propulsion sys
C/siC tem gpplications A IAKA2004 - 4019
! ! 9 htp: //telecan esa i nt/telecom Mmw /object/ index
cim? fobjectid = 13349
10 Yamaguchi, Himhide, Nakanuraetal M ethod for fab-
1 , , . ricating ceramic matrix canposite US6, 723, 3
, 2000; 23: 2 11 TuffiasR H,WilliansB E, Kgpan R B. L ightwvight in-

2 Baker C A high tamperature, light weight, nozzle materi-
als A AA 94 - 2892

3 SteffierW S, Shinavki R J, Rusnak C F et al mproved
performance and durability of liquid propulsion rocket thrusters
fabricated from triaxially braided C-SiC intrgply hybrid-fiber/SiC
matrix composites ADA405477

4 hipp: / ww. htcomposites com /ceranic_matrixcompos
ite_cgpabilities him

5 MartinMinthomn Advanced carbon fiber reinforced sili-
con carbide technology for 33 divert and attitude contol sys
tans FiberM aterial Inc -Final Report, Topic: N96 - 284, 2002

6 Schmidt S,Beyer S, KnabeH etc Advanced ceranic ma-
trix compositesmaterials for current and future propulsion technol-
ogy gpplications Gemany. AC- 03- S 3 03, 2003

2007 4

expensive radiation-cooled advanced camposite combustion chan-
bers A BA 95 - 2400

12 Shepard SM. Advanced in Pulsed Themogrgphy for
NDT. TWT(Temal W ave maging, inc)

, 2004
13 , : .
. ,2004; 26 (10) : 497 501

14 EkenhorstD, CGoebbelsJ, Riesameier H et al Charac-
terization of themicro srtructure of advanced compositesmaterials
by cone bean tomography. In: 44th Congress of The International
A stronautical Federation, Graz, Austria, AF - 93 - | 3 229 ,Oc-
tober 16 - 22,1993



