TR R A BN A T H R RS & [(FER] 183

K EBHETE DI ST

Study on Solar Thermal Propulsion
SRR AT SE 7 v — 7 (Advanced Space Technology Research Group)
TR 2L, vEk B4, B =E

Hironori Sahara, Morio Shimizu and Yukio Hayakawa

Abstract

This paper shows the achievements of study on solar thermal propulsion in the Advanced Space Technology
Research Group, where solar thermal propulsion for microsatellites has been developed since FY2002, by
integrating the results in a previous decade. The study on solar thermal propulsion includes thruster,
concentrator and system. The thruster of 6mm in outer diameter was made of single crystal molybdenum and
it was validly attainable to the target temperature, 1,500 K by solar heating in space. The single shell
polymer concentrator of 400 mm in diameter suitable for the thruster was established, and its solar power
concentration ratio was improved to be over’l()?OOO. A bread board model of solar thermal propulsion system

for microsatellites was designed and fabricated, and it functioned very well.
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AT TWAL2L AATYH 1995 £, B - REEMTMEFHBEFERT I IV TREEE
HWEOEPIBE Y, TN E TICAAMBEFEN 2 AW BRE RGN TV [3]. AFFRITAT A H,
KEBERSE, VAT LEBEO 3 HSOFELZEIT TV, BEEERBIZBOUIINE TORREEIED
LRI G, BECB/ N ESEARKGEHEER VAT AOERETT VEBEL, £ OIFEIE
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2., AT ARHA

FEHERE LTHEASNDE AT AZON, TOFEMCMBMEL*E3T5DCT—7 V= bR
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ENTVWA4] BN TREBHEEDHIZEEN R HEA TN D L BN 5 KEDORGEHEER 7 A& T
I, EEICEMTNLOBLWL=Y AR, BEMELTOZ VT RAT UVEEBAVLATND.
X, BIERRE BAE M OTIEIITEIRR H DN, EEDLDRATAF TIEAT AL 2 ERERIC
NEIL, FNENOERFEESM CREL THARDLESZEEITREBLTVD Z & HHEH
Th D P ZITEEERTE Y 7T L TIEE KR T 20mm O UXE A 20mm OIENPRF THLHD T,
AT AK UL EE 2 VE T 20mm E@ TRV IC L ERERETSHLT, INDbERY
FEATHZ LT, Figl WRTEIRATAZBREBTCND. EoT, HEFERITAESREERGE
RS AL T EHAME M OER &3 - BERROTRICE T, R THEE RARVIERITHEFD
HD Lo TND.

EH T 1995 FEHL Y, BERLZ VAT U UREKERTY 7T EHOT, AME 8mm 5
65mm ETORBEAR S 2 7 2BUWEL, HKiER DR L ERIEOY T A BERBENE TRBEME L
TAEE, 2,000K BAEOIMBURE A5, £ b LR UHEE (Fig 1) - BEFEZ VT, KET
1AM 6mm OIEYERIFE/ NI R 5 2 42 et Uiz, TOEEREEME, M6 AT X ZHME 6mm, F
Y BF o B (R T A Z ) 4mm, HEERIHUEE SR dmm, KEGIMBUCZ X5 BEA T X ZRE 1,500K
CEX, MERTY T TEOEERIZ S A ORER{Tols. AT AZRNE, AN, BE
EIIRVREELR-oTEY, #HBOY— LR, RURTAZMEOEREZ FTORELMR
BEI, BREICEZ T ATF L CVDa—T 47 &L (Fig2). Z0Oa—7 4 7K D KK
BOITAEYET 2 5 X Z HME 6.5mm, AT AN NFE34mm, HEERIHEEE 44mm L2 o Tz,

TDAGAFFEZEF = NI, KB BERERREBRICETY 1T b ZER 640mm U T A
Bk Ees (Fig. 3) OEGMEICAT AZWEN KT 2 L O ICRE L7z, KBMESERT O
F% Fig. 4 1R, AT AZRERER, Fig 1 ORTNE, T LT oaR, #HERREREOS
NBTITo7r. EREORKBLEIZHICL > TETIEH2R2VOT, JIE LICRER2TTHETO
BA CREEEBEEE 1,400W/m2, YA FRE) [CHRE L TR —ICEHME Lz, MEERBRR RO —
Bil% Fig, 510RT. F OSSR, EW¥AIX T 2 Z TIE, FMEE LIS3K, 77T A 1L159K, #EERIHEE
R K Thotlr. ZHITRERXTAFEETH D 1,500 ICidiE Ridevy. Zhid, Fig.2 %
RTHLARE I, RTAZOHEE R U THEERIBURE 2N LR R WA 1T, R KEEIE A
SRAZEMBLTHEBITHE D D AT A LHEEAGE ~DOBRE OB AR KR E <,
FILEREN D OBIEHIC Lo THEREGR L TLEI) ZLBRRERTH L EBEXDND. ZTNEHEHE
LCEBRELED 5512013, OHEERIMGRE~OBREZMZ 5, Q8REN L OFRIEN 21
L, TEREDTHLEBZLND.

FICEELT, BHERER AT RE (Fig. 6) Bt LE. HID, HEERIMHEE ML ERS
MTeOMTRRISGE 24mm & L, X, REBOEKEZHEITEBICF Y TAT L CVDa—7 4
ZEFEILEL, ROVIZ RuMo A IFTIZ Lo TRERDO D — VR OHREIT 72, TORE, =
5 A ZHMEIX 6.0mm, AT AFZALIL 3.6mm &2V, IZFEERGHE L oo, BUERKERI R
S A CRBIMEBRBREIT o 12558, SMEE 1,316K, 7 L7 A 1,361K, HEEAMUEERE 926K & 72
S, ERLEEZEF = U A\AWNIREENK Pa BEROT, BMEEOHRBERIRRVNEEZDL
N5, 20, BMEEEREMR S ZZ I —R 7 2 b EEWSE LU TERE M TRBINEER
EIT o T RE R, SMEE 1,581K, LT A 1,331K, HERIMRERE 963K Lxo7. FHTIIEILH
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BETHDZ Loz, #HERZENT25AITIE, 1,700K LA ELHE SN D AT R Z inmmilrfEs»
LMNAEERBEE S LT AIBETHI LY, TORE, AT AZIIFEHTOEDEE
B 1,500K 2+ ERTTRETHD LY Lz, BlZ, AT VL ADOBMRERITIEY 77O
FHELTVIORBETHLDOT, HERBEEEZRITNOAT V VAICERET S Z LT, HEEAI
BE~DBGELFICEB S LAHELLEBEZOND. TOBIIVERETI TT AT
LADESIZOVWTHBRE EREZIT, BREGT IV 7T VB L AT VL ABELORVREEROM
Bx&5 9ok o THTR- > —L 152 L T, 1L,000K BEIZ+H0M 2 5 2BEaFIELHL L.
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Fig. 1: Thruster structure

Fig. 3 Concentrator and vacuum chamber
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Fig. 5 Example of solar heating result

Fig. 6 Heat loss reduction type thruster
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3. KEBEE

KBBHEETIE, 77—V zy MELRARVHERMBOZOBERNFTETHHDT, VAT A
EEEBICTLIENHED. L ZABRBEDRVKBENSEZ BRI E-CEE TERT S Z LT,
VAT ALAERBERERKIVLDOTELL AV, 2 CABELEBEE CEET ARERLS. £
DT, FEEETIIA 7 L—F T AR L IFTh 2 KAERELES EICHE STV B[6]. A
YT = T NVETIER BV E S S FIERH B, FORE, 77 U EEIZHEY, HRELE M
COEHABENRARFTR THD, BLBMEIZ VS LEENERTS, 2072 ) v b5, #2
THEEDLIL, B/NVEEERAXGEEROLDBRERGENHEL LT, fMIETE~EZZTF X
ZIEAT D ER 400mm H—5 5 TEE S (Single Shell Polymer Concentrator) ZAFZEL TUN 5
(Fig. 7). SSPC i, FEXIIME%Z 7 /v I WIERERE SNES 27um OESFEEZ A FL— b
B (Fig. 8) CX - THREMILL TRBES D, RBRIC T T A8y EELEAL, MTE
BE 100~150°C, INTREME] 3 BEfl2 5 5 BRI CRUER 1T o712 & 25, BONABRIIFERER TH
L L B L TRRER P b oTe. ZORRERIL, MEROES FHEOBMGE L, SHER
DARFELICHKTDHEEZONS. BIFRICEA L CXEGRNICTRIFTRETH 58, IS HEMOR
M- BEFEEZIEETAZZLIIRETHD. CORRERICL > TABEXERZLIETTS.
RGP TI3/R T — L THELE 10,000 BENERINH 2, IR L LTRHW- I T 28 YE
SR TIXEOLEE 10,000 iTZFERR S Db DD, HMIRZEREZETe SSPC TIX 7200 BEICE I -7
ZZTEELIL, ETHYERREE T DRI TSSPC #8EL, REELEICHITHIEED
TERERZRE L. RICHFEEOKYED CRERGTZHESEY T -HRBR 2 8EL -
ZLTCZDOHMFEE T SSPC 2B8UETHZ & T, TOMFR LECEYERELEZE T 5 ERE(
SSPC B {E oD Z LIt/ d. BRBEEREITo1-L 25, EFE(L SSPC (New Product) 13,
135 SSPC (Conventional Product) % S8/E4 2% BRI V-l ERY (Conveﬁtional Mold) OF¥mE I
B<—%L7% (Fig.9). X, KBEXHBR (Fig. 10) 2{To7/- L 25, RU—HKTOENLE 10,400
B HTZ. SSPC 1IBEE TH LMD TEVD T, T EEOMHEBSM 2R <5 510, AT
HEVZ—DORBAEBBICLY, HIIA 7 v b F—T 2 —RAI2BIT 5 QT LV DOEFEERE K
VBT Z NRERBREZIT o1/ R, SSPC OHEIRY LR, HEZSII TR ORI -7, B
{E SSPC ZEMThiL, V7 AEWAHOERERHOND EIC, ZOEEIT20gBEL, 8RO
H - BEDOEAED 1/100 BEIEBEINS. @4 LA SSPC Iz Th, () BAFEHE 7 +—7
LOXE (AFHFE “KGBHEREDO O OFHHABRERGEXLEORIENE") OT, 5
£ 500mm AEEAFE(LES LB SSPC Z8UEL, U —HEHE 5000 BEDOLOBELN TS,
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Fig. 7 SSPC Fig. 8 Straight Formation Method
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4, VAT A

Vbl _7= A5 24, E£HEICHEET 5/ G2 EE A KRR D Bread Board Model
ZERE L, BUE L (Fig 11) SR T a0 /T ¥ VIRE T AIIERE O H ADMERHE,
ARG IZE D EIEBEESRIC L > TITo T 5. SSPC 1T C/C BEREICL > TRRESNDS. X
T AKX SSPC HLHOR A EBRT HHEAREE I L - TXFshd. AT A EBIIETKT
—HIZLo>TAIEE L, IUWERIZIL SSPC DFMBEE CTIT5Z L b FiEL L7z, 2@ BBM %
BWT, Zany /78 REHAIIERT AOENHMEERRR, X7 2% EBRIGHRR 1T
S>TEBEERZITo=. X, REFTRATRAZMARBREToT2 L 25, HERE 1,361K %iEK
L. PHCHEEZECTHADT, ZTOVAT AL DR TR ZMEUI+45, BEERETSH D 1,500K
PERHES EHEESNS. HiZ, BEZP TOEERER% 1172 5 Bread Board Model (PostBBM)
LEMEL (Fig. 12).
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Fig. 11 Bread Board Model of solar thermal propulsion system for microsatellites
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Fig. 12 PostBBM

5. =2%

HARGTFRG SN BARMBEENE L CHBRT Y 7TV TRBRA T 272 2 8EL, BUBR(E
BFEEZRE LD LICX > TFEEHTO BEEEIEE 1,500K 2+ ERHED AT A ¥ 25K L.
N, BEERGENCEL L CEBESSPC #8UYEL, 7 ABITIGEHT2EXEZB-. b
RAIAR, BICHAETR, B - SR 2 M AR A 72 N B A R KPR B e S X 7 A D BBM
ERUEL, +onEBRBRERLEL. Cho0RBREREZ LIS, EM LYLORY AT ACKE
S, RHEAITIT2007~8 FEHOFHEMLY BHE L TV HEEMEICKA LT, BAME HHFE AW
T REGFAHEEE T & p-LabSat #d /NG R ICHE L, RGO KEEHEE R OFHEEENTHOIS Z
LEEEFLIFBSAFEL TS,
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