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abstract : In recent days, the propulsion subsystem of spacecraft is required to achieve higher reliability and
performance simultaneously. The performance of thrusters has a great impact to the weight budget of the propulsion
subsystem, because high performance thruster can reduce the quantity of propellant by high-temperature combustion. If
the Thruster improves performance, the spacecraft can save the weight. Ceramics is one of the most promising
materials for the spacecraft on-board thrusters because of their superior performance on heat resistance. However they
are brittle, and thus they have not been used in the real flight missions so far. It might be fractured due to mechanical
vibration at launch, thermal shock at firing, or by collision of space debris. This paper suminarizes the status of
development, in which a prototype 500 N bipropellant thruster made of Si-based monolithic ceramic has been

developed.

1. (ZC&HIZ
THEROBESCER L HET 5 7O s D /b
Hpalry NP THAAT AT, EfESi
TR EERT A a— L R A = v b EHERA iRt
SR LUTER - BEOH A ZRAEITTHIEEBD—
AT AL, BRELEBRCFIBRA L, RBET A 285
UTHEA RS TR T AZ NG D, FIENOEEY
WZOWTER LITE DT

Table.i : Comparison of Thruster Character
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Fig.1 : PLANET-C Spacecraft Exploring Venus
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Table2 : Corparison with New Materials

Temperature

Material L Notes
limitation
Rare metal o High cost
(.e. Ir Pt) <2000°C High density
. o Oxidation
C/C composite >2000°C Unstable quality
Cerami osite Oxidation
1 compos! <1600°C | Unstable quality

(Sic GMC) Exfoliation by laver

Monolithic ceramics o Low cost
(SigNy) <1500°C Low density
Conventional
Niobium alloy <1350°C Low temperature

limitation
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Fig.2 : 500N Ceramic Thruster
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Fig.3 : 500N Bipropellant Thruster
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Table.3 : The result of firing test

Propellant N,yH,/MON-3
Burn time 300s
Combustion pressure 0.72MPa
Thrust (Vacuum) 533N (estimated)
O/F 0.78
Specific impulse (Vacuume) |  319s (estimated)
Max temperature 1180°C

Fig.8 : Broken Nozz‘le
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Fig9 : 2-Stage Light-Gas Gun

Fig.10 : Craters on the Impact Test Peace (glass)
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Fig.11 : Craters /Spallation the Impact Test Peace (SUS)

10-4

5. #&m

ARG TIEA T A X OBREERIE & @i b U THESGRE
FEINSH, AT AZ OBRBEERETH DM 2= <
TEHETIvIATAZERREL, {EkO=F4T758
HoHo & s U THERED R R L CWAE AR HHE D
A DR TR, £, ERE - SEIEEET
HABERT T I v I ABFERA UL IRAT A E &
AVEL, RS, HEEsie JUEERBR T
FHAT BT > TH 7R L QN D 2 & DR
TET.
SBRITFIROBVER T 5 L30T,
Va7 Z RO VA a— s OIGROEE L E{To T
25 ZZOMRER LR Y, FEEEEICET TONE
W B e BT 5 TETHD. R, AT RKZEEHR
BENCOWTIE, HERE - (BB ERS T D EE R E Y
ThY, EHR - HEIREZ 0, RIS REHE
R NA—T 70 & L b EBTEE LD, T ET
STWAEZATHY, ZHUTLY, D EEEE
TOBEMRET VBRI RIREIC /0 b L HIRF S NLD.

B

T I v I AT AZORREEIDIEY, 2< DT
FREA NI Ol FE I R R E T R
WRICAE O 202, TTEHEFE. FiERe
WA ORREZIZI U LT HEUREAL. T
—Z O, SEECEET A TXEETAV R E T (0
DEMBEANL, B, FRITIC TR 7o =223 T

3 (R RIEMATOBIRENII IR B OB ZR L E
R
2 ZF X MW

1TH. Mishima, K. Furukawa, T. Takami, K. Takita, Y.
Nonaka, S. Sawai “Development of Low Thrust
Hydrazine/MON-3  Bipropellant  Thruster” ISTS
2002-a-19, 2002

I2]S. Sawai, E. Sato, K. Uesugi, K. Furukawa, H. Mishima,
K. Morishima, Y. Noanka, M. Kondo "Development of
Ceramic Basecd 500N Class Bipropellant Thruster”
TAC-05 C4.3.01,2005

[3]K. Takita Y. Nonaka, H. Mishima, K. Hisatsune, K.
Uesugi, E. Sato, S. Sawai "Development of Ceramic
Thruster for Spacecraft Propulsion System” Proc. 4"
Spacecraft Propulsion Conference, 2004

[A=B5MT, RER, BhEh, IR, AR
AR " NTASESELSGIHAT 7 I v 7 AT RS

DERZE = ZEE T HER vol42 No.5, pp.250-253, 2005

[SIEP AT, ARETIR, ZRIMT, ST, R

—, EHTHIRER, EHE EEMET I v AT

AF-TT I A OBEERI £TVH

Vol44 No.7, pp.565-570, 2605

[

This document is provided by JAXA.



