ISSN 1349-113X
JAXA-SP-05-011

FHMZRARFEEERTIEN

JAXA Special Publication

FR165E
it & BT RAF S0 AN BB 5 B 7R3
FHP AR
SRR RS E
— AT —

2006 1H

FHEMZERFRFAERME

Japan Aerospace Exploration Agency

This document is provided by JAXA.



FEME R AREFEEEEEN

JAXA Special Publication

ik 1 6FE
TR AT HEE

==y 225 ix
R == §¢?T§§;@i Eszé}liiﬁ

— ST —

2006 1H
January 2006

RN R R

Bl § o B e B (S T =]

Japan Aerospace Exploration Agency

JAXA-SP-05-011

This document is provided by JAXA.



This document is provided by JAXA.



H K

A TIFL G ETTR DT + v - ovvomeomee oo e O SEIBARS LT e ceee 1
EH KRBT AT AORFFERI «oorrercccrrasircniians Srevecasan c BRIy L BRI A e T
SSPS F AT SRA AD IR LA VERERSHE v vvrrereoee e e EEES LA B SR — e 1
FHRAET L — T LT F O <oveerreens T e BRI e IR E e e 13
(BRI BEAA B O FI MRS v - PP EEEY L R — e 15
j([%a?ﬁﬂ?%q@71//f/\@ RFE BREFEBRAEE «covvevinianicioncns s e EER Sy FRTE g coees O]
Pl I L AP F e N X R T A STRIUS D FS v v veenerss cosnuen caae e AT LTEFER e eereeeneaes 23
S 0 T o gl s s B R R FEHFRASEL covrrenerrocosnss 27
KEFH =2l —ZORBIRGINENBETDHIE oo M”M,H,..:/X;—_L\%E&ﬁfﬂ/ﬁj cerrs 29
i FE BRI MO TERITZE - e vere e e U RT NEREHEAR S oo 35
B Ry M 2D RE S O 1 iR B R (EE IS BT D9 oo o o Y RT AFEEAR T N —T oo 41
T VBRI ORIGE cccmreceiirenii i R il m X Ty e ey R
F U AT OGS <o ccevevveroenns Cesiassasseeaaesassoasa e eses oo EESERMTFSE SNV — <500 51
EHF T UENL - R ER T OTZE e sesesaeens N ceos R SRYER IR FE S L — o0 B5
B I A OBITE— A BRI BT T e RIS L — - 6
P NG - oo s rpYn R PR e R R RTTSE — T e BT
Kb RS SRR D AN ) B DRI EE o ovveeocernens e S RS S L — e T3
I EZES AT AR T v erermr s rvasssrina it s s cae R AGEEEsE I —F e TT
AT ORI - ccoee s Casecsesevarasiessresesacsesenenen cecncassans o R ES L — T e 83
VTR =T V&Y CHISIRERE R VB M PR OB FEL AL <o oveee e oo oo IR PR SESE A2 27— oo 89
Fdez s a ORFZE 0. Y fesarsereaaeacsssucesraresasziunens R RRRRRT -+ E 7 Bt A RS SRR 91

MPEHRRF AR OMBRERELEHRATRITLTBYET,
BRI 17 9 A 30 BBREOLOTT,

This document is provided by JAXA.



This document is provided by JAXA.



PRIGEE @A RITRARMTE TR LA AN RREE THRE— 1

BRI R A SR D JRER
Launching a Large Scientific Balloon
FEAEPIART VAT LEME FE2ERAERS -7
ISAS Space Systems Operation Department Operation Group 2
WAIEFE
Michiyoshi Namiki

Abstract: Launching a large balloon at a limited launching field is a long standing subject in Japan. The volume of
the largest balloon ever launched successfully was 200,000 cubic meters. This type of balloon was
firstly launched in 1973. A larger balloon with a velume of 500,000 cubic meters was tried to launch in
1980; however it did not succeed because of burst during the ascending phase. For launching a large
balloon with a total 1ift more than 1 ton, the static launching method, we have used for more than 20
years, has several weak points that may result in failure. We developed a semi-dynamic launching
method using a new launcher, which is fixed on the ground and has a freedom of rotation arcund the
vertical axis and an elevation system up to 5 m, as well as a leap-up spooler system for holding a
balloon bubble, in 1999. We have launched several balloons using the method. In 2003, a balloon with a
volume of 500,000 cubic meters, which was made of polyethylene films of 20 micro meters in thickness,
was successfully launched with the semi-dynamic launching method. It is the largest balloon ever

latnched in Japan.

1.

SRERSEHERNFTO LI ICESNTEHERE TREREHKE LT A2 LIIEEDORETH -T2, TNETI
o BFICiksh LB Ro&skis, 1973 4EI2 BIF 57 2%8 200,000 S5 A — MDD THD, LK
X 72548 500,000 525 A — MLV ORERM 1980 T B EiF vy, ERPICHEE L ClRINCIEE b2
ST, BN P EBAAL I RERTEREY, TNET20FELU T TE T R HEREICL -
TEFBI0E, WSONDMEER T, #2C, BARMBDO®IZ AT v/ ERENER SN,
ZDEDIZ, FEET -7 VCEESN T, HRIZEEETE, SmFE T e — REHAEIEAHLZLDOTES
R EREERE & B 2R B e — T —ENRR &7, 2000 FFLIE, 2 OREBRIEIZ Lo THRAKERD |
FHILTUWA, 2003 417, BEX 20um OFRYTF LT 4 LA TESIIEA 500,000 325 A— FLD
SEROITE FITEREICHRTI Lz, ZORKITZAARTHEREINT-BRKBEBOKETH 5,

2. XTIz

[EFE DRERIT, 1966 4200 B5 BISER (78 5,000m3), 1967 4R B15 & (FF& 15,000m3), 1968 FIC
1% B30 AU (755 30,000m3), 1969 4F|Z B0 B! (7 50,000m3) & REML i, 1970 F1Z1k B100 B
BO(RFE 100,000m3) % FiFAIE -7, ZivE TIC RS EREHIFT N B IER L RN RB LIz& bR
XUVVERERIZ, 1973 4RI BT S 72 B200 BIAER (2898 200,000m3) Thoto, TN HLOKEKOTE BiFH
I, AT 4 v 7 HERFR[) T TWA, ZoFRIE, P AEZFRETHRIKEISOE T4 3 KD A
A —F—THX z, BEEHLY TOKKESITH BICH 22A TR W TRERT 2 HETH D,

F D1, ZEEREERBIRIFT CIL, 1980 EICZ DA X T v 7 FERIEIZ L D B500-1 54 (5FF 500,000m3)
FMER U2, mE 12km TR T 21X CORARMIZITEL o7,

1982 LIS, A X T 4w 7 FEkiE[2] (2T BT HERkE) S A ek i XnMfiibn s L o ic7e o7,
BUREE 2 RT o — NERAIC I D 5 TWIRWIRRE THRER T 2 DI o2 2 7 0 v 7 HFRER L TH
L, Ty — LB E TOREISNIEFIZELS 2D, BERLT 2oz, £7, 500kg LA RO
TR LT h 7 4 b b~DOEEEDBEIT 2 e-728l, AT 4 v 7 HERFRIZL T, THETIZ
250 M DL FOKEROBEERIZE I LT D, L L 2B ORERGRICFnEnxkanb o, 22 THLwy
BB SNz, £, HERIGIE 20m IR X, ERE O Se R B 7 I REREREEE 235k 1T b1y
7=l4l, hic kY, FRETORERT — 70 LEERSG S E TCORZIERE 90m 735K K 160m £ THERTE
B LS o, REGERIERBIZREET — 7 MCEE ST D8, BRIEOEEEIT E TR bm F &
AEETHY, HERIZEBICTER LR -oTna, £, TAFREOMKIEKIGB & KET 570 0OkNR
P e —EmAFRICRESNZBL FLUOBREREE kR b e T —EE AW ERAMBOE I F
AF 3 w7 HERERS, 7IAER XN, 2003 E CICHERER N Y RIS, # LWIRER T ERER LT,
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ZZC, 2003 4F 9 AIZ, 7F 500,000m? @ B500-2 BHED HERZ B A, HMEKIZERTh$2 & L biIcRET
RIS T, TSR - :

3. HEk Ak

3.1 ¥AF3 v 7 iHEkik i
R AT & — B 72 B ER D BER TR,
A+ v s ek (Fig.1) Thv ., Bl
BEr7L—rAOREREIZRY TIFTRE, &
HREHIIA TN LRI —F 2k Y
EINTWE, ZORETAY AT AEHE
BEEAL, 2OAT—NEFHRAZEICEVE
BRAKE V) —RIEREKIT EFE2BDS, £
D, 7L —rRORREBZMA -7 F %
—HT, ZIEEFEAHTRTM~EYD, [EKIZB
WSS CTRAIREEEL CHDE 7 v
U ORI & R 57 A0 5 1 ) 3 Fig.1 dynamic launching method

v I IERETH D,

3.2 FHBhSERSE ek 5 =

FIZ7 7 ADBIRY AN TW 2 HERT A (Fig.
2) THRRORE L IZFERBEOE T
ToHiBhRER CEMllERE B Y T Tk &, KERE
Witk Lo ——lcLvEEshTtwn
%o MEBA~YV AT AETLEAL, 1—F—%
Bkian Z L CREAREEZ VY —REHDB, =D
%, [ERTEB LUVT a— MRS AR
NieDEMEAL, MBEREKREHELTHWE T v
JRETENBEE R EE s, KERkEER
FUNT v a— PREEICMOE - 7= Fr THllEY
SEREBMBEEE L TWBE 7 v 2 5 FHEL,

FIKERD Z 3, B ER L THL 2
LT B, Fig.2 Sub balloon launching method

3.8 A&7 4 v 7 iEkE

AARD LS ICHOEL TR, #1413 v 7 BERIEIEARM
ETHLD, ORETREBHBITOND L5k T
MO HAAIA LB AET 4 v 7 ERIE (Fig.3) BB%R
ST, ZOHEKERR, KRAKERICHEY A R25D 50
(CHBERT ORI THE SADT Ao —F —THEXT
BE, HERER, 20T au—5—20KkT 22 L THEk
TAFXTHS, 3EDTL0—5—THEZTHALD,
BIBRKELGALR)oF L7 g L AR T A BE
NBhHBHZ L, T, RERKBRICZZ 2K 100m
PLiblicd e 1R 5mO#ME T L3 558K T,
BUHIES A HE |- 2B A = CORERAS 20 B0 D | R
DA LY BICFEE N2 JREROTE F~ A TH
LTADLELZOREELL, —OHIKETIE, REBOE:
5 12m O ElEET— 7 L% T0 90m 412 Ek % B
TAHZLICRY, &F 112m @ B200 KERE CTHKEROR
Redhod-,

Fig. 3 static launching method
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3.4 3T BT ERE

WEFn 55 4 (1980 4=) 13 T BT HER
% (Fig.4) RNEZRBINTHBH, REFE
TO 25 EF I OBERIEICL Y, BET
EERKEROMERM TN TE T, Z0
WEREL, RRKERICHEED~Y 7 A
HARFEAE, [REEEEPa—7 —HO-
BENCLD T o TFy— LIt TRET AT
W, FERERICIES v F vy — 0 LRI S
TOEEEN B L% 20~30m., T 5
~6 By, HERICHT O EEE LR
FEMENRERICERENT, Z7EL, 2O
FECLRENHY, ~U LT AEE

2 A - ST A T 3
A 2R HOONWTEERE ST RT3

BRIC R AT EZ e —F —TLIWTIn<

Xy BEIN L PRI A
L RBAERICEE ST AEN
WhHHI Enbhhol,

3.5 BIFA T v U EREE

(SEC ks OFFTZ2 B L, BRATETENTHER T AR
gk 11 (1999 ) BB A SN, Pk 11 FIXH AR &2 D
KRB EREERE (Fig.5) ML, BEH 1 Pk E 7 p5ER
DR G FIREE 2o T, T ORERIET, BB ZRFL T ER
RERERE (T2 F v —) BREERTHLHED, [EI4 T3
v 7 EREE] ST BT, BEEIE. RAVHEREE DS 2 O F-
Bl 7 FaELTRY, BUEEII B0 5 smOR I THD
BB EMAEETH D, BllEREREFTHHSIE, 512 3m
B, HibnD SmOES TR T LI ENAETHL S, Fio,
Z ORI AN 360 ERERX YL 2 N TE, HMELS
TOHFBNH LT 4 FrPLEDENCIHA D X D IZREFEN T
WA, FERIEOERE % Fig. 6 IR L, 20T Fvy—lkd
BRI, RSEHRICREEROANY VAT AREARL, T —75
—Z Bk B CRERAR A Y U — 2 & KBRS KA EE
AR BN AN BUARRR SR T E 725 L 9 I EE AR A H]
RS g, RERARNT o F ¥ —0HE Rz & & RENEREE
W SN IR L » TRIEFE I OMBNESE TiThi
B, BB AES NI S ICREROEOESICBYFTTeh T

.

Semi-Dynamic launcher

Fig.5

—id, W EROBEIC L > T LTS RERE HERT 256 L. BENROBEITREROMERRIZD 7

— 23T SO @Y OFNEN
BRI TS, KRR T 5
Yy—OBEEN DUEBONELE L&
BHRRAEEL WD EEA LT
4= & TEZORERNMThIL S,
IS ORMERIEEIIHINRRE &
HUDIZEREE, BARBITONTEDY,
FLE &, KRAHEREERE CIE, HEkEs
DY)V B B ORI HELE
EEOFF, BEEEITY, ZIFA
T2 I ERIEDORESL A E o T,

Fig.6 Semi-Dynamic launching method
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4. B5 00— 2 BHDHER g
Fig. 7TIZ/RL7=B 50 0 — 2 BHORMEILR
TEHE, ZORKRB LU EDOEEL 185m &
B, it rbeEkErt0EERETHZ &
NARFEETH D, T 2 THERFIEDORFDITON, | (50 5m
U FOFECTHEIII TP (Fig. 8 &),
(1) RERSEEREKGOmNGREMT 5,
(2) HH#RE2RKUHBEREBOAKEED LICE
X, BUHIZBERAARORVMNROLED
g o285 oA U W Y T 57z

ok 1) \//7 é: N 4—«14 7, ¥ /\tkﬁuthl:jw{t

‘/*‘74)/ s ”t
dHlme |, AT AT I A~

JILEK d\/q v ) m JJ @ T IR )
B IR S0 L ERICE 71 Aot
9%, 7))

(3) KREOEBMEBEHAT T v—fEDOY %‘\."‘[ /
A Fa—T LT A, \\i’,

(4) BREREEH»H LA AFEANOLLTFTETE t
%@Lﬁm~“—:a%¢5 .

(5) ﬁ%@% WIS » B S QO D1 /WWWO

BRT v a— NEROBERETT O, e 3/\
(6) ~U 53 ADIENE Bk, o
(7) Bk bEfo—7—@mah 7 —~(iExTHE Fig.7 Flight train of B500-2

D,
(8) HBT—DOWIHMITZEIT),

(9) HAEAKTH, vArFuo—Ta2E0HLAERE2Rx I —F— RIS TEREIT 5,
(10) FRIZEADRIDY A FRT U —=Tol2h, [KERBEHNL VA T a—7 %9,
<11)%@LWDM?~%%ML,%ﬁ%ifﬁf@

(1 2) RERERIEE 2R LR S, SUAZENKEREET I L TR TN /b X ) ICHET 5
(13) B5—%BHL, 17 —DBTFEERTH,

(14) BEREZEES Y, BokE1T 5,

Tl BE LE
7— N

REUFER A

=
e BEhlT o F v —H [AlEL 7 — 7 L

pkia bifr—o—5
Fig.8 Launching method of B500-2
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. RERES LOYRERE R Table.1 Specifications of B500-2

B500— 25 oBR a0, FEFE Film Gauge 20 m (Metallocene)
RT T IR NVERESEN OO T Balloon volume (m3) 500000 m3
FIEFICEOVEETRETOH LT 2/ No. of Gores (pieces) 1 3 0 pieces
0 —ZY0HR LB D, HLWEERIZ Diameter {(m) 115.2m
BSOSV EERREE L Vo F -SRI Shell length (m) 160 m
5A 1 BOOHE L, B0 AL O] Balloon Wt. (kg) 800 kg
@%ﬁat@@jﬁﬁﬁ%%~&éﬂ7v Gross weights (kg) 1145.2 kg
= \}‘ DE EICHHLTEY, :j/%’t v o Payload weights (kg) 3 2 4 kglinc. Ballast)
§7yz~%,m BIx=F U 7L 508 Total Buoyancy (kg) 1262 kg
FLETES TG, Table. 112B 50 0= 2% o minal altitude (km) 43 km
”@%m%r?

Fig. 9 I RAUEREE O FHBERICRE S

X uf:%elj%t‘/dﬁﬁ ﬁf‘&;) o ﬁ{/ﬁl' DDK §RT

785 Y o — MNEIREREBEERICE
%, Fig. 1 O RERICA~Y 7 A H
CTNWATERT, S CETHY v Fxv—IZ
DRNITTHB A v Fu—T52REREIIZ
B LT, HAEZODORDbT-HROET %
Fig.1 1\Zmd, #0%, VA Fua—7D
BEIZ LA RERDBERIIIAR I Toh, B
Eifr—Z7 — oA, Fig.1 2107R7
Tl R OZEOFIZAS>TLE
ST, [IRTHORELZHRL, VT7—D0
SBEER AT o T, 1T — D T 2R LTI,
HEREIT o7, Fig 1 3I3ZARITCERL |
TV EROET 277, B50 0 — 2 544
I, 200 349 ﬁ135i17ﬁ%37/w:%$k
XN, B 225mOEECERICERL,
CORIRTIE, BE4 3km ORGENE W
ERTRISNIZIZ2D, FEF LN T A NI X
AE AT TV A, £, BFE 1 Akm ICBELZ L ZATHR A EHE EAFELHH8 Om £ Tk L
L, BOERICL > TEFMAE200km ETHLEZ, BE20km IZBELLEZAT, NTXMEERT

Fig.9 Payload on the launcher

Fzg 1 0 Inflating of He gas Fig.1 2 Just launch off Balloon
Fig.1 1 Standing up top of balloon
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LT EREES EiT, fREiIES 1 80m 0HEETCLEREL,
FUERIS G BT S 345712, 1 3 Okm Oifa TR G E
{ZA-7z, Fig.14 3 L8 Fig. 15 12 OXERON IR & 788
& DR AT, F 0%, KERIZEEIC L 0 Ao,
VHRT 1R 2 54002 = R R ERELIET F22ic B0 U= s
T, FEREEEPRE LEHSA2E 0 BEL -, BT =S
EREBBIFTOHE S 3 0km O LICAAF 2 — FCRERETFT LA, |
BAIZGRBS LORRIIF R 2, ~ ) a7 7 — L EILi %2 v
T, EEICER S, Bl 25 A4 EREICEEL, AMEE
BOBR, T—FZEL LK LE,

Fig.14 Trajectory of B500-2

40

6. BbvIz Altitude

=R RTERBUAIFT O BRE i 2 3hiE L TR T b h
Tz, [BIEREHE & 5L R 208 2 7 KRB ERELE, 72 5 Uz,
BEXRL L —F—HolERIzc LY, EIX4F 2
v 7 JRERIE D ST ST, 2003 4£ 9 H 3 AiZ B500-2 &
HOBBRBL ORI L, ZO&EKORIT
500,000 32 F A — P ATHY, ZRETHRIZBWTI S

e R g

Fig.13 The balloon ascending

LT E RS LB RARMORRTH D, — D&k

T T T

ik, EPEORERBICRELETHBRSER) =F L
YZ A NAERWTHESRE, ZoRKROKIIZEY,
HE B BN 3T 2 REFMBLIANCE B iz, Bl
EIFA T I v IERIBEC LRI LRI b -

1}
18:00

22:00
JBT

20:00 24:00 26:00

Fig. 15 Altitude curve of B500-2

FHREL 20, i, MIRRHC T Y R I2hh b a v 7 bk A PR ot 12T R HERE L g
L TREKBEH~ORRKATINNEL o= L LbbE T, L KEOGKE —RASHRENTO L S 74

BT 0 — L FCHREITITSL BIF 5 Z LN alfEBris i 5 7

55 30k
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Summary of Studies on Space Solar Power Systems (SSPS)

EES vy g Ve v # —(Advanced Mission Research Center)

Abstract

We have been conducting studies on Space Solar Power Systems (SSPS) using microwave and
laser beams for years since FY1998 organizing a special committee and working groups. In the
study, some configurations of both microwave based SSPS and laser based SSPS has

been studied. This paper presents a summary of SSPS concepts and architectures study.

1 FLHIS
ATFFRIETERE 10 48 0 25 L TR Y . MERRREL, =3/ —REER & NP EETT D
HOER R D 3R P RE A MR B ATREME 2 BL O - FH KB ERIH o 27 4 (SSPS © Space
Solar Power Systems) OEBRMEICET 28 E21T > T 5, A 7 aHFiRB LU —9
— RO SSPS T L TV AF AR 7 4 VL — g VERE L, HiR-E ORI,
)

N
N

T e EE e —o s TN AN B OIS L BN N x| /= e v

BreEss o — R~ v 7O/, BEHT 0 — U2 U 7 1 ORI 2k L TR L TV

2 BEROME
SRR 16 4EE LA T O B IOV THIZEE AT - 72,

(1) ~A 7 2 H= SSPS DEBMIRETT

1GW D~ A 7 X SSPS (M-SSPS) (B LTIk, ZhETICHEA DV R T L
AW OWTHIEIT > TEL, TR I6EFEIINE CORFHEREZIT T, EEIMLILE
R HET B B RO L AT MEARFIICIRE L, T ORISR IS S W TR
AEITo T,

(2) L—¥ =K SSPS OREFIED BT
l/“—“ﬁ“—‘jift SSPS(L'SSPS)GCE@ LT, ttﬁﬁé’]d\éb\iﬁﬁfi@\\/x%ﬁ\ (IOMW %&) %
ERES LU CRE AV AT LT A a7 4V —va U BREL . BB HuEkIH G E

VL« AN

RPN AT AOBRBE R T2, . EXEREZMMALZN G, DOV AT AOHFEE
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ELHET A FEE LTRIER L HEER Y HAEE L= =V AT LMDV THREL
7o BT, FEHY AT LAEZBEEL TV BT OEBTOHRNEILEOUDEDE LT, AR
WA T — R — DT R F—(RiEFFERT D A BRI E T E 2 RE LR 21T
7,

3 BEROWME

(1) ~A 7 X SSPS OEIMEDREET

M-SSPS [CEIL TIL, ZHETICHEL OV AT MMEEIC OV THRFNEIT> TE T,
FTIIEBRE EBENEE R L o BEE - REY 22— FL L UTURE 21T
STEPEN . BETEER) D OREE EY T HEE TIEBE A T/ ;;f%’ﬁm_. =3
TENELS TR EEOBBEAN L DN Sk 16 TSR ER A Bt L2
A PDICHE 21T o 72, Fig.11Z 2004 58 M-SSPS EH#EE 7 /L& 7R
REFAOEBILUTOLICELHOND,

[ FEISERPAY D V/IERN A B iv-Trmy O N DTS REE 74'&1/1'111

~ab

o

O FEMWEEENA o8 MEWICITE) L CHBm 2R T D,

@ 2003 48 L ARk, BOREEITZE - REE LML, RBERIT T b0 ET D,

@ EBEHOKE SIIENGERIRET 2, BEROREOE RN LIXEIHERIT 2~3
FICHIR SN D, 7272 LI RBIEOM A, BEREOEFHED TREIZ LV HFEDOR
BT D D,

@ FEH L EBEHP a2 OFRICEE S L TY

%)
D7, EEHOBEILTITEBEE NS TIRED,

©
(%
i
\E
N
N
\_}‘
S
mk
&
e
@)1
2
B
i
i
#

MB L /AN, FOBEEITL 200ton FREIZHZ A Z ENMNETH D,

AAErE . 2008 AR 2004 AEROBBEA RE L, THEERE - BEI® A1 CHRET 2k
BT AFPETHD,
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Transmitting Reflector : 2.5km X 3.5km

Reflector

Antenna 1,000ton X 2
Power generator : ¢ 1.7~2km
Power +  Transmitting Antenna : ¢ 1.8km

Generator ~2.5km

Gross weight :  10,000ton
Rellector
Fig.1 Microwave based SSPS (2003 M-SSPS model)

(2) L—¥—4: SSPS »EHRMEMET

M-SSPS L [Alfkic, L-SSPS iIcoW TV AT AlEa, EExar 747 v—vay, FHE
HEEOHRMNEITo ., Fig2 It L—¥—88PS OEAR2 =y NEFTAERT,

EARz= o ME—%/ " THREER, L—F—FEV2— (L—F—REW, HEL—A
B, BHEEEl), FUV—#MbEkEIh5, b— W —RIRICIE KB B Rz mh R
W—F—2EH L, KBEBhEAREL T2 L CEDRLRNT—ERBHHFTE S,
Fei2 L, B E L L= — R T 5 DI I RBL R B RIC BT B LER D 510,
A MEREPEE B S EEL L e 5 T B, ARz =y F T, 7V —% N OB X IR
K OWGE | COMNIEEMER2ZBELT, 7V —#F 100mX100m & L, ZDOHEDZ
Va—F THET E HRRITR N 1IOMW & (iGE L 7o, KOG B RY FE R L —F— T,
=P —EIZ AT B KRR —0 13 FREN L —F i S h, 1/3 BER
MERDERAENTHED, Ka=y b L—F—HAH I0MW RBE L85, KER
—REVEEITL 100m X 100m X2 K & 72D,

L—P—E L Uik, RRGBESHRDO L 1.06 u m DEED L —F—%3ET 5 Nd :
YAG L —H—BHRETHEN, T4 A7, 77 A N—HEOEBMOBIRERH 5720,
i E LT TH D, £z, Fk 16 BETEAFGEEMZ LN, MOV AT ADH)
Brem< T o HEE L TRESREMEREZRAGEL LV AT ALV T L
FEL7283, ERAMZIC YW TS %R bEER O TETH S,

Ele, RKED (IGW ) OV AT LAEET L7010, AERAR2=y M E2S2H, HF
FERL Tk LTHRRDO AT L LT 5, (Fig2) SiLEul L CTRF G & HE L EE
KB M OBETRITT 52 & T, KEEFRN LRI R T AORRITRIFR L 72 0 KB
MESEIC KX D BBEEL M7 IXBAE LRV, KRS T 3 RER L. Ak
BB M7 BREEAT 2P, ERAAITIC L D LRI A OBRENT D ET Ry, Exo
ERa=y NCAERENE L—F—HE—FBOL—F—E—AIZEH L T EIZEET S
. BHDLWIEEA DERT =y LSS EN T 20 OBRICR D0, MIITERT S
pa. M EICBITA L —F 2R FEICTRPLETH D,

This document is provided by JAXA.



10

TR B A S 26 JAXA-SP-05-011

A®IZ, V=V —BHOMMK - IR, L—V—RIRI OB, RMEL K, B
. MM HEFEOFEMICOVWTHRNEERDLD TETH D,

Fig.2 Laser based SSPS (Left: one base unit/Right:1GW-class )

L-SSPS DEHMEMFSTIE, 6, AT AT AZRIE L TV @B OB CcoOHIM
EIEODE D E LT, HBIRERE 2 — N — D L —(miEd EH 45 H BRI TE
AR A RE LIS R 1T o7z, BUE, HEZBOTW S A FEE CIIEROK 2 Bficbk
HDREEEBEZHIZHY, BEDOREANKEL 257, TRl e 2200 oR
v b NEB R D 0 IEEORE LT ) REA B Z 5 7o OIIE = XX — R L
MEEBM B LEA K Th S, HERREREGEREICONWT I v g YNE A #E
B L — 9 — 53 IR 0 B S OB R & S LTz,

4 FE£LH

FHETH, v/ 7 oEARABLRL—F—F 8SPS OUAT AT W T 4 F L
YERREL, EOERECEINGRESE ORI AT o 7o, ARHHERICE-SE, 2030 4
WCHARAIC B RBEEIC BRI LA RS R T A5 BRI T30 0REE BT, BEFE
B e — Fv v 7B ERP TH 5,

Skl ol E & BB RS, EREWNHEEr — K~y 7ORE 8D 5 LE)
Hob, :

This document is provided by JAXA.



TR IGMEE (AA RIS S i TR YA ARMERRREE —ATHERERBIE— 11

FETRILET-HEY AT LOTE(A Study of the Space Energy Utilization)

SSPSHEBEERTFNSAQEREEHERETHE

(Semiconductor devices for SSPS)

BAEFHHEA BESvYavBIREVE— AHRIE BHEA
Advanced Mission Research Center, JAXA Yasumasa HISADA Tatsuhito HUJITA
Abstract

One of the SSPS Type is the microwave based power transmission (MPT)system (M-S8PS},
and Hi-power and Hi-effishency semiconductor device are need for the M-SSPS,

On this paper ,we describe the status of semiconductor devices, and R&D Program of

“GaN semiconductor device”for M-SSPS.
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TR E R AT L OHFSE(A Study of the Space Energy Utilization)

KB T L—T 7 T OREHT

(Analysis results of large scale array antennas)

BOHARRFE A, SEI v a Ve X — EERNE AHKIE
Advanced Mission Research Center, JAXA Toshihiro SEZAIT Yasumasa HISADA

Abstract
The microwave based power transmission system (M-SSPS) is a huge system and its microwave

transmitting antenna is also large scale. Its diameter is assumed to 1 to 2 km and the antenna would be

ot o

~imimncmrd Af o
i array antennas o

buuzyuocu O
scale antennas dlrecﬂy at this moment. Therefore, we have started the study of the analysis method and
modeling the antenna since Fy 2004 in order to analyze and design the antenna for M-SSPS.  This study has

£300 ¢ ments 1t is almost imnossible to qnalyze such layg@

72y e
U VLA EILD, BPUSSIY Qi

been performed in cooperation with Tohoku University.
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HABREL AT A (SSPS) OEE(IZET S
TERHERER £ OB P A

EEI v a U2 —
AKIMHA, FHEZ, 2 T

Abstract
To raise the economics of Space Solar Power System (SSPS) that is to supply large energy from space
to the ground and is expected for practical application in 20-30 years, weight reduction and improvement of the
life-span need to be sought to reduce transportation costs and life cycle costs.  In relation to the SSPS research
that has been conducted by JAXA, present report suggests a new vision for material development applying the
Japan-developed FGMs concept and proposes some concepts of innovative materials in which the advantages of
FGMs are fully utilized.

KEYWORDS
SSPS, FGM, Energy conversion materials, energy
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= TRLE—-HE Y AT LOZ(A Study of the Space Energy Utilization)

KEEMEFFLAANORFEHERGE

(Result of RF Power radiation test against Solor cell Array for SSPS)

BEBHTRAE BEsvYavPBiREyE— AHRIE HEEE
Advanced Mission Research Center, JAXA Yasumasa HISADA Hideshi KAGAWA

Ahstrac
One ®§ the S8PS Type is the microwave based power transmission system (M-8SP§),and the
unknown phenomenon on M-SSPS is RF Discharge Called by”Multipactor” and others.

On this paper ,we describe the test result of RF power Radiation experiment against Solar
cell Array for electric power ganeration on the M-SSPS.
Espesially,we got very important data between RF radiation power and the RF discharge
phenomenon.
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B ET LA B F—F X=X AT 5 SIRIUS DRA%E
Development of ISAS Satellite Telemetry Database System(SIRIUS)

FHEFAT AT LEHN FHRAE I V-7
(Institute of Space and Astronautical Science, Space Systems Operation Dept., Information
Processing Group)
By INERELE, RADIRK
Taeko SEKI, Teruo KATO, Akinari CHOKI

Abstract

At ISAS/JAXA, a large quantity of observation data is sent from scientific satellites
everyday. The telemetry data is stored in the ISAS Satellite Telemetry Database System
(SIRIUS), and are used for data processing and scientific analysis. The system required
hi-speed transfer/access to the data to correspond to the increasing data volume and the
new telemetry transfer format, "Packet telemetry”. This requirement was satisfied by
connecting servers (mainly UNIX), workstations, and data storage disks with hi-speed
network. We are continuing to improve its performance, as well as preparing for future

satellites, such as ASTRO-F (scheduled for launch in early 2006).
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Fig.1 Outline of SIRIUS hardware structure
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Fig.2 management of packet telemetry data
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Spacecraft Visualization
FHBRHFEARE  FEATB IR e — T mR

Institute of Space and Astronautical Science,

|
prae

Technology Development Department, Instrument Development group, Makoto Tamura
Abstract

Recently, computer graphics techniques are admirably progressed and its application areas have

been expanded very much. The evaluation of a spacecraft’s attitude behaviour is one of the essential
tasks for space missions. We developed three-dimensional visualization systems for M-V rocket and

HAYABUSA(MUSES-C).
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Fig.1 M V rocket v1suahzat10n system Flg 2 HAYABUSA visualization system
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Study of Residual Vibration Suppression for A Large Robotic Manipulator in Space
AT A AT AFER I —T
Spacecraft Guidance Control and Dynamics Engineering Group
Institute of Space Technology and Aeronautics

EHL G, EERiES, /NEYER

Hirotaka Sawada, Hiroshi Ueno, Mitsushige Oda

Abstract :This paper describes a method for operating large robotic manipulators, which generally has flexible links
and joints in space. Vibration induced by flexibility is a serious problem when operating a long manipulator in orbit.
Once vibration has occurred while a manipulator is handling a payload, the operator must wait for the vibration to be
damped before proceeding, which decreases working efficiency. We studied a control method to suppress vibration
during both manual and automatic operations. We investigated an Input Shaping feed-forward control method for

damping residual vibration during operation. We discuss in detail the results of the pre-shaping vibration suppression

Hig 3

and manual operation experiments in this paper.
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Table 1 Suppression Rate of Trapezoid-Shape Experiment
Shaper Residual Vibration, [cm]|Suppression Rate, [%)]
Trapezoid UnShaped 4.20 100
Trapezoid ZV 0.95 22.6
Trapezoid ZVZV 0.10 2.4
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Table 2 Suppression Rate of Sine-Curve Experiment

Shaper Residual Vibration, [cm]|Suppression Rate, [%]
Trapezoid UnShaped 4.20 100
Sin Wave UnShaped 0.36 8.6
Sin Wave ZV 0.18 4.3
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Table 3 Suppression Rate of Sine-Curve Experiment
Shaper Residual Vibtration, [cm] Suppression Rate, [%]

UnShaped 5.58 100

ZV 2.16 38.7

ZND 0.39 7.0

ZNZV 0.17 3.0

ZNDZV 1.18 21.1
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Fig.9 Command Profiles of Manual Operation Experiment
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Experiment research on autonomous movement robot technology on orbit

AT LBER T

Spacecraft Guidance, Control and Dynamics Engineering Group
FEF S, hEOKRE WE —% BES HA

Hiroshi Ueno, Mitsushlge Oda,Kazuyuki Inaba,Shinji Mitani

Abstract
The locomotion on space structures is one of important technologies needed for future space

activities such as assembly or maintenance of space systems. The walking robot on the structures

has safety nature over a free-flying robot and advantages of the additional infrastructure over a
fixed manipulator on mobile platform. In this paper, the four-legged robot that is capable of the
walking on the space structures is discussed in terms of the potential missions and its
technologies. The ground based experimental model has been build and has performed the
autonomous stepping by using tip visual feedback adjustment. In addition, I carried out
effectiveness evaluation of the vibration estimate algorithm that, MIT(Massachusetts Institute of

Technology) and JAXA developed.
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Research on Transportation of Large Flexible Structures by Cooperative Free-Flying Robots
VAT ARERIE V-7 mEFL, BEER, DEEE
Spacecraft Guidance Control and Dynamics Engineering Group
Mitsushige Oda, Hiroshi Ueno and Yoshiyuki Ishijima

Abstract

In the future missions, very large-scaled structures, such as solar power plant system(SSPS), will be several
kilometers across its largest dimension and be composed of extremely flexible structural modules. Such
structures can only be assembled in-orbit and teams of cooperative robots is essential for on-orbit assembly.
This report addresses the problems of planning and control of the transportation of large and highly flexible
structures by free-flying robots. An approach is proposed where the robots use their thrusters to control the
“rigid body” motion of the robot-structure system being transported and their manipulators to control and
damp out vibration in the structure induced by the thruster firings. A modal active damping control law is
developed, which uses measurements of the structure state provided by free-flying sensing robots.
Simulation results show that this approach is effective in transporting the structure into its desired position.
This report is a part of the results of the collaboration study between JAXA and MIT(Massachusetts Institute

of Technology) in FY 16.
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bHD, TIT, BuH FEHRER Y ML BENRE T AERRET S LB, 27U
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(a) Transportation (b) Assembly
Fig.1 Transportation and assembly tasks
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Fig.2 Concept of the cooperative transportation Fig.3 “Decoupled controller” block diagram
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VX lb—varTHEALEAT A—F% Table 1 19 & & B2, Figd b 7100, BlEs%E
Eie 2 WTEEIZET AV I a b—va VERERT, MEYMOERIT 600kg, 2y NOEE
I 100kg, AT AZHINT 20N ZE LT 5, On/Off 2T 2 X2 L 2RWSES S CIIRS)
BEEZBRE L CORWHEEEREES/NDOARAZ — R EH L TNWLNR, ey hv=ba b—FI1C
LD FHRRITON A h— X THEED P EILIND 2 L 2R LT,

Table 1 Simulation parameters

Parameters Values

90deg Transportation time

Flexible Mass m, :600kg, Length L : 200m, / *200sec
Module - e a6 5

Inertia I, : 2x10° kg m

Natural frequencies:
0.20,0.55,1.08,1.78,2.67, 3.75, 5.02Hz

{Qoven mandeq are congiderad)

{>CVET MOGES are COnsiGoreq; Translational maneuver

Robot Mass 71, :100kg [0m, Om] — [150m, 150m]

Thrusters Thrust Fpee - £20N or 0 N (Xg, Yg

direction)

Minimum ON/OFF time : 50msec

.| Response delay : S0msec
Manipulators | Length : Im + 1m (2-DOF)

256 z ‘, 1 z

Trajectory of T A Point 2 e .
Point 1 :

; ; . a4 : ; -
150 152 154 156 144 146 148 150 152 154 166
) Xra)

Fig.5 Trajectories of the ends of the module
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Fig.6 Motion of the robot during acceleration Fig.7 Displacement at the end of the module
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Fig.8 Granite table for the experiment

3 T: A - il

Fig.9 Transportation experiment configuration
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Advanced Space Technology Research Group, Space Debris Subgroup

HEE, PREL, 2R, R

Atsushi Nakajima, Toshifumi Yanagisawa, Takeshi Hoshino and Tsutomu Fujiwara

Abstract

About fifty years have passed since the first launch of the artificial satellite in the earth orbit.
During the time, several thousand rockets and satellites have launched and the total mass will be
estimated several thousand tons. These expensive rockets and satellites turn out debris when they
finish their missions. Many of the debris still move around the earth, which brings increased
anxiety of collision with the satellites in service or the International Space Station(ISS) under
construction. Therefore, in the Institute of Space Technology and Aeronautics(ISTA), JAXA, the
debris problem has been investigated comprehensively from the viewpoint of observation,
protection and prevention of occurrence. This paper describes the results of the observation
research area.
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Stacking a few hundred images
Improvement of Detection Limit
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Research of countermeasure against space debris
77 U PIEHEA OHFFE
Research of debris protection
FH S ERANIIE S v—T KRR
Advanced Space Technology Research Group  Yosuke Nagao

Abstract
This research investigates the influence of debris collision on a structural integrity. And, test
equipment is developed in order to conduct a hypervelocity impact test on the ground. The influence

on the composite material which is a major material of a space structure is mainly investigated.
Moreover, it inquires about the hypervelocity impact numerical simulation to composite material.
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Fig.- 2 Target of conical shaped charge Fig.- 3 Target of 2staged gas gun
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Research and Development of Active Removal System for Space Debris
PEEERMHZE S IV—T (Advanced Space Technology Research Group)
FE{E—ER, AR, K&, SHEN. PRE, LHIESR
Shin-ichiro Nishida, Satomi Kawamoto, Yasushi Ohkawa, Shoichi Yoshimura, Atsushi Nakajima and Shoji Kitamura

Abstract

Since the number of satellites in Earth orbit is steadily increasing, space debris could eventually pose a serious problem to
near-Earth space activities, and therefore effective measures to mitigate it are important”. End-of-life de-orbiting and orbital
lifetime reduction capability of each satellite could be an effective means for reducing the number of debris by lowering the
probability of the collisions between objects. This research and development is for an active removal system of space debris

and the retrieval of failed satellites as to be other measures.
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Abstract

Lunar Exploration and Utilization become the major trend in the world space development, in
these couple of years. As the follow—on project of SELENE, we had studied the first Japanese moon
lander as SELENE-B from 2001. In SELENE-B, the exploration of the vicinity of a central peak of
a crater, and the sure obstacle avoidance and safe landing were the major mission objectives
Corresponding to the new world trend for international moon exploration, we have expanded our
mission purpose and research targets from lunar science to lunar exploration and utilization.

For these extended mission purposes, severe technological requirements should still be solved
for the implementation of these new missions. The lunar lander has to detect obstacles, such as
crater or rocks, and land at the safe area. After the landing, the investigation will be done
on the very rocky and rough terrain. The lander system will be requested to survive against the
very low temperature (around 80K) during the moon night. This paper reports the current studies

on these technological subjects for the future lunar base

H
_
b
-
\ v

I

— PN g8 e

A BRI & EoE R A BIE L D STV /= SELENE Bl 6. ok 12 & (2000) FHBEH
FHE RE LICB W TS - HECERESRBRZ BIETHIE & LT, AU E R 13 FE L0 Bite L7,
HUEEERBREEC BT T, A ERE FREOBEEY R ISR & 202 X 2as@Bh ki L 2 EEMEm s
RO BT, OO ERT 77 > Tlx, SELENE #HE 4 1#8 TV 7= 13 NASDA,  |[BFHEMFZ [HAT
Bl % 28 2 12 1A% 3 MR ALm CHRIFE & L QD D Z Lit7e o7,

W7 T4, EEMREMBEEOAZR LT, ARFEEEL LT, 7 L — 2Nl SR c 225 L OHTE
ICEGERE L ERE R PORERELSDE LTI 2L HE L, SELENE-B S v g VIR E LTHE L
77, SELENE-B ERITFHEIFAMO THEERBE L UK 16 FEICREL T o RERIZEL R
Moty T, ARFEORLLTBEGCAFAD BIETHEGERERKE LTI vy s VEEOR
MEt A& o e L CHEMEE L, HI6 iR EED T,

Hi6 £ 1 ADBIEY > oA EEA - KEBREFELZHRFICAN 2D, ZHETOIHFHEERREH B
REVENYRLERE S MA MBRAZEE-FIA v g Vv EFERSE2U50 L LTHIS ITERM LT,

SELENE-B TH¥E L7 A #CEREER TIX, AOFx RNl @B E cERTE 2 I B L-2o. 2
NETOFHEMZ TEX IR B E L o7, FOFMEREE LT, HI6 #FE T,
PITFICE LB 7THREOEME R ED -, FROEET, MUARSER THED L O TIER <, FH
B, EN R HEIRD E L=, SELENEBAIEE oS 2 =T 4 E OEETEDZ LD TH D,

l

T

cll
I 5]

2 WRFoRRE OB
HIB4EFEIZ L. ZAUE T SELENE-B & LTHED T 2542 tic, L 0BV ARER AT THFE

This document is provided by JAXA.



62 THIMUZE AT ZE B SRR AR B JAXA-SP-05-011

AT I T D UBEOROELT ORI R OIS 72,
(1) HWGEREER AT L SREEIEOMTE
(2) TEERE TR A ios Rehivs 5 Sk o R E i T
(3) Mg & DIEFEYRE O
(4) AEEEv— O
(5)  Hmm L= U 2 #@E i B4 S50
(6) WEPRREA OWFE

3 SRR OME

LR 16 R, ZR TN OB W T LT ORF A A S ST
(1) AWERRERIES 2T LD . ke R

ZHVE TOWFE kR L L PR 16 R LI T ok
EREohi,

(D EZePEEERER O F i o OV — & Rk
BRI T, ARty R LT A LAY
THEROBEE )7 — 2 2G50, Sy Ko
1/6 A — T LOHRIRIC L 5420 R & Ehf
L, RBMIEA Fig. 112, RBERE Fig 2 (TR,
@) ADAMS |Z X B BhAY A5 s Eh Al o F2hi

BZE R ER TS Le T — & 2T E 7 A e L, . wo
A &R O Bh) B REREBhARNT 21T\ A 25 ek o i f) Fig. 1 Vacuum Friction Test
PERF 24T > T, BHR R A Fig. 3 10737

@  HAEREEET A~ o5 T

H AR T A0 E ALY 2o £ L y= CHEN WM+ 081 i
2R TS OV T, MO, AL =) AptEr £ e L0
DERUMFET, AEBESEORM Y FROATLY  §o oy F b by
=Y ZOFENC OV THIELR A B U, % o émiww;__,i___“% THw

@ i o e :

ALY AR KB LA BRI 5o H § T

Lo, S, AEL I Y ARV CEEMZR T ol i i
—ZBAAEITV. THEBTET VKRS 5 Z LT, . Y e e P
&0 DT A FE i 5, :

Fig.2 Friction Test (in Air)
(2) A mis FEpis 5 S b oo Rl T
FREEFEGIEL R T h A nY I ab—va Ly —

: "
£, BEETROBEMEMEzREseslT  § | o 4 e
U A B OB v — ORI AT 1 ' f LQQQ?

-

@ BFHIF o RA—EifEoEA

HEAR B Sk COMPITIE, EREICIS 1 2 el >
= — A ([ 150m~2m) TOEFENRKE < | BHESRED
WiF & o Tnie, ZOkbEME(EE 40m) 7 = —X
VAR TEMEAEA L, BIfERRZE ORI E X D,
CIRAS—ENETR OMIEEE LT, kEICIR~Z REY Y
12 K 2 M AR HS 2 R E T 5.

@ HIEFHEE RO E Rt

B REEYE YT E B R T O M A RS Fig. 3 Sale Landing Condition (10° Slope)

£

k]

Vertical Velocity s} 16° Slope

£~

-1
P
L
-
e

Horizontal Velogity [av's] 100 Slope

This document is provided by JAXA.



SRR LBAERE K S HARAT IO T H SR T H R PP JEAR TR SRR R s & — TS — 63

FRAT F%iﬁ&mﬁ>HﬁEJ@L§ﬁ%®hm%

Y B EREICR BNk < Y,
:ﬂﬁ%@ﬁﬁ%%%éﬁfw By O, ‘
TR B 2% T BRI 2170, #k d
1 7 3 e B AR T B, : ;
B A o !
BRREZ L L—F—REFTIL =P ry b g
FUURETHD mERINTHORNETHD, = )
DD FHOEETY Yy MU BT LTk D @ b b |
HB S RS (Bm/s DALE) r— 2R, L D RWALE T g - S 5 10

TPy MR LTCLE SBRARER 2

(Cm LLF) D —AREE L TWe, 2ok, 7  Fig. 4 Landing Preciseness Estimation
nEHMMCAW b R RE L RIS (Monte Carlo Simulation)

BE 2m B 404R L, MO THRER P vy v &Y

Ve B O 2 Bl 5,

® &

Bt RO — P (B RAZE) & Fig. 4 1087, PEEEMRET CIERAZE 3m 2D BV D DIFE% L7 h
o7e 3, EREOETIC LY FRZE 3m LIWIC (3K B0%DHESR T, 3825 bm EAPNITIZA) To%DHER THMMK D
TR LT, SRITELRDFEER Lo, FHEBIE S A o OFRERS, o L BREEO
Rz DW T L BRI T 2 TETH D

(3) Mgz Xk aREEDR
AR BT IS L mifgi 6, ARBMIZE R S AT OB T EOBEEYRMEITV, LR
oA eE HIE TR 2D T 5, Wk AEEDRNFRII L —F— %5 LRF(Laser Range
Finder) HaUZ A, E@E NG, JAHl
B4, BRERLCEHNC X ARLASEIE T
x5,

D VA IvILLBNEER

Wi & 7o EE R R 0L, F
HRE Y —E LTOERZZLL,
HHIOF 7 Mp B ME L D, AFE | e e T . bt
i, AT ERWTEERETD, Diorama for Moon  Diorama Image Random Pattem
BHEMEOFMGEIT o2, 47~ EE T T g
Vi, i AOEBRTH D, EEE
ONFERERNDE, HEE I
—a CITHENEE L WEH Lo/
BAORMERNITR D, AREBRTI, Bk
RAERPEOND T o F D NF—
Belic LA AT LAREITC, AT
WEEHHILEME LT, ZhFE T
R LIcEERaGIE (A7 LAH
+ IR i ) k@Lb@t%ﬁotc D

Real Value by
Random Pattern

AEEL, EBRO P TIL, IRIE R WP
GEEAE SRR, LY XOE s ) - il Measured 3D Image

DR G | WG O ERER L IEME A0S

SRR LU T R K L7, A Fig.5b Image Processing for Obstacle Detection

This document is provided by JAXA.



64 TN

S0 BRI EMINEMIERTT O WERDL D,

@ FEBHH A TREFL

BN E A LS ER 000 AT OAE « B8 &
R Y ERIET B8 LW FEERE L, Z D)
%i%%%*%ﬁf%ﬁTﬁﬂ?&Eﬁﬁi%:&ﬂ
FTHY | FEFHFEEITo T 5,

@ MERNESYHRMTIEOTYE
FETEREL 2 Bk L oo BRI EET D720
i%?ﬁ%ﬁ@iﬁ@ﬁ#ﬁ&#Fwam)ﬂ
ﬁﬂbﬁﬁ&%ﬁﬂﬁ%&mbﬁﬁhﬁ&%ﬁw
LLExENGEBE P —ICL AR THD
5mmﬁmﬁﬁhﬁ%%ﬁﬁfé*&i@®TI%?
DD, ZDH, AAFHICHESMAEEE L, #
%%m;@ﬁé&%@wﬁ%&m¢é$£®W%%

iz,

FAORKE S 2R B MRS BETENZ T — 8
Th D, oEREflgeR s L CiRRASHD L
RET B, T b &g s A S I
LTWAHURE, BUCofM L QWD Hlilnds &35
b, @A EICBO TR REZR KBS OS5
RIS, BATANBRME (=22 5ETE5
AIEEMED @V HUR) A HL 2 AL T o5
X OHERE - FRAkHIk D Z L daR &z, (Fig. 6)

(Fig.5)

ik, &

(4) ABEEo— SO

R [ S B % S R T A e i id e —
WU ETH D, SEEE, INUHEr — NCEER
AT ORGE, MOWME LAY A @b A fimo
E{THEREZ 1) L &SR 2720 OEITROWEEIT - 1,
@ BT E Lo AT At
BENTIR O, IRERER L OB 0E 2 F o
BH ATV, BIFFIELE FEEr LDz, 7V9=—F
Ik DB EZITOES (= e b— & AR —
# . REEE I v a R EITE—F) . MR
WEITOES (S va MR v~=Fal—&E—
&), WiEE s (B TN — A, v =B L—#
o) AL, BEOKRMHEELEL DL L
LIS FTES U # YA ROBRH BT 70, Fig. 7)
E B, FRTRE OB TIEISLT U TR R
AT AL U TOMREE R T 5 7= o OB 5k
BAE L., RHTIEE OB 21T 7

@ RmmERMEREE T DD OETRET LD

HE :

FEmBs et e B LI TR ET LORIET
WL, 47 0= 7 VER L, HISRO AN
fii - MEEHE 2, ETRBROEHEEIT-, 70—

B EERERERITE B JAXA-SP-05-011

6x Exded le

image @H= 2onam

ﬁsﬂmated 8afe
Landing Zone

16x16 Evaluation |

): B p g B o Rt £
Image @ H=200m Reai Safe L. Znne
Fig. 6 Probabilistic Obstacle Avoidance Strategy
L e e s e S S
|RMSC
| Heal 8W, Active Temp. 0-40 °C
| |(SELENE-B Proposal) =4
%‘. el
B owf
&
§ 4
a0 |-

L]

R T U T o e T R

Mission Paylosd Calorific Valua [W)
Fig. 7 Radiator Size for Payload on the Moon

Fig. 8 Moon Rover with 4 Crawlers

This document is provided by JAXA.



ERE1GAEEE Rt BORAR Ze A T B TR 270 & AR s & — AT — 65

EITHROMEREFMRERE LT1 7 a— 7 EfTRE %
170y, BHESCHHTE 2 /89 A—H L L7 —# T
DTS, (Fig. 8) Aot T, HERETIERY
DEAFIZAEF L, HIEIER & WREIEEETTo T2,
ARBITETEESD, EBITEE, BRSKEIREE
R A—& L L THEETRE OB TV,
MUAmR—RELTHOFL— A 7%179,

(5) Hmii b= U 2 EEEiiic B3 5058
AWFFENE AR 16 48 L 0 BGA Uz, (F9ECidH |
Tl & B a2 g S A BZE g BRI Tz B0
T, THEAlOFRMER EORBRELLT 20 EHET 5
Tosh, FHZSRBBERE T ToBREMER A ET D,
SERR 16 4R X ZE K BB SR BRI AR A B L
Teo RO BLE Fig 91077, HZEHRKRLEL
T, it eahirrad | T
Wn, LI REAZEMIANEZES|E AT L.
WRLZESICL ) ABREHTHEENEE, B
TR T EEWET D AL RTINS, ZOH
LT HEEELRSE L LIk o TEMTE 5,
Fi2, RV T ABFESTBEICL, RU7ZBE
IR VAE LWL D ICT B2, W OhD FF
v FERITICRI L Ro>TWVS,
BRI T AR LR e o TE
D, o EES (REE)) EBhC L0 S CEEEGT
B

SERR 17 FEEICEAmEHE LTHEEEEDbN 2%
FOBEEEEAICOWT, WBRE2EHT 5 TETH

05 ===

o
o

Slip ratio

=
o

0 10 20 30 40 50
pressure of ground contact(g/cm2)

Fig.8 Slip Ratio of Single Crawler

on 20 deg. Slope

Fig.9 Vacuum and Moon Legolith Tribometer

5. BEERMEAE LT, AR, BEREAMAEFE T2 kT U 75 MoS2) HERIEE P TF E B
RO 3FEOBMEHZHY, FRERD b T4 Ra o—Ei b BELZ RS IAATEBOEMES 2
T5, /o, LI AQREEEEX-RBREERL, FOHLA =X LOENEHET,

(6) HEREEMTOFR
HCRARKBIENEDES (14 HIF) D&M
FAHE EOETD AT LD 4K OFHZERIC
=i, AR TIEIE 7T06~80K ($9-200°C) i
BRI LEE 282V EBghsTNS, =
D L9 e RIEIC 2 T, ABRERHT AT AT
4 B WIRIHEET 2 12 D ORIERIR R 1348 ¢
FETHDH,

(D SFU b 7 2R v & O

H16 (Zik, 520 s (SFU S THss 4 /) %
M, H i Lo R (]9-180°C) it A Uk
TV, B{EHERR (R T AR A) 2 48 KRR
IRAR USRIk i U 7= 2 el LTz,

Z D= HI6 Tik, FOMBERRNEZRHEST S &

Leak from Wet Tantalum Condenser
Fig.10 Leak from Wet Tantalum Condenser

This document is provided by JAXA.



66 ST R RS SRR JAXA-SP-05-011

Ehis, MRIRBREER A RIT A5 L 9 BLET v o —DREEM A To 7,
HI5 BBRICKIT D b7 o AR HIBEORKFAEORE, LTORRK « FH2ME LT,
(a) MY A FNA T o HREFICBOTRBNUEEZ . LD Z E MR shz, A=y
7 2 E-55C~+125COFFEIRERE TH 5,
(b) EIFARFOBIEAE L0 1 REIRA DS CRBIRAEE TWA EHEESh, L.,
FREIE ) 2 o RFBEH TRy 7 4 U FAEE SN TR Y, HEARE WG ORRITRE©

T,
(c) 3SBEECh-EREBEOREE 7

SR A »E—F A TERER L P.P. Coolant Line (LHe) |
DS R IR R T E T BT B - -
Nz, ZHIZEERATY) —ZBRELT
WHboEEbhoD, BAX o H o
YTt EOEFRBEKTH B &
HeE Shie,
@ MRS E T v K
BRI 25 A A RS TR b, H15
TRERZ 1T - 72-180°C % Flal 2 sl ettt 23 a4 S h
TWD, RICEFREG L 20 ooh A7
DA CIE-230°CaE v VB IR BR BT & AUE &
hTEY, -180°CHRERIRE TIXMEREE RS & LT
AtabtbB2ob, ZO7EH-230CiIH O
REGABRA HIR L T, MERELET v o\ —0Hs
AT olc. T w3~ ERETE-230CIHN F THHT A I MBS RSO KEERLETHLD T,
H1IGRRIEE L CTHEREENIA O 2-230°Clz i Hlt sk 5 & & % B He EIOMRIRMRE S L —
b OEi M O F ¥ o AN—EERDWH 7 ¢ L DOAH AT, IR REREE COBEMR., KOTHaRk
ZBRbh Li,

Shroud Coolant Line Fﬁfgﬁ? Plate

Fig. 11 Vacuum Chamber for Low Tefnperature

Survival Test

4 FLo

SELENE (2t < H #E R AR A T T B e 2 T E CTAERE LT -, Zofd. S vy a v
MHEMOZD 14 B G, HRIC HESEEMERES VB2 1R FICIER S, SRR E RS ) b
U VW AR A OGS BRER A A A B 72 &, HfNEOEELB RO LN TE TS, -, FlIH%
A LEEREE R v o a 0 mlaze RGO B it/ E o=l b R b T,
DS ®RIE, THhE TCOMEGUIIGREL E L0, BIBFE~DBITICHZ D & & bic, R iE
A A AT~ O HfT Y B AL A fENE LT <,

5 ZEIMR

(DERUE, i, HEEICIT 5 EREERIIE OB, 55 49 FIFHA AT E G 52, 2005

(2)Y.Hamada, etal, “Feasibility Study for Precise Lunar Landing via Monte Carlo Simulation”, 15" WS on
Astrodynamics and Flight Mechnics , ISAS/JAXA, 2005

A IR, M, FHRO SRR X DBEEYMREN, 2 49 IR H AR AR, 2005

(4) K.Matsumoto, etal, “Probabilistic Obstacle Avoidance Strategy for Safe and Soft Moon Landing”, 14™ WS on
Astrodynamics and Flight Mechnics , ISAS/JAXA, 2004

(5)S.Wakabayashi, etal, “Design and Mobility Evaluation of a Crawler-Type Lunar Vehicle”, Earth and Space 2006,
Houston, 2006.3

(6)VU = A, AL, H A RORIRIC 1) 7o AREEL BR BT 3B & BIRAT . 9 49 [nl B 2 LA S 2, 2004

(7)K.Matsumoto, etal, “Night Survival and Long Stay for Japanese Moon Landing”, IAC-04-IAA.3.6.2.10, 2004

This document is provided by JAXA.



PRI Ko A BT S A I IR Sl R AT TS AN A RBT SRR S E — AT e — 67

BAFHEEENOBR
Technology Research for Supporting Manned Space Adtivity
B ER TR 7 JL— T (Advanced Space Technology Research Group)
KEE FE. DOEER HRE OE—. BHEA AGRE. ER &
Mitsuru Ohnishi, Mitsuo Oguchi, Shoichi Yoshihara,
Masato Sakural, Katsunori Ohmori and Takeshi Hoshino

==

Abstract
The final goal of "Manned Space Activity" is for people to live in areas far from the earth without
help from the earth. However its technology will be necessary when we can make a manned

far
support system oy

N N A Mo T . v 3 3
space base beyond Mars. In order to discuss and to propose an advanced li

fe
future space development, “advanced life support system working group” was started. In our
research, a few mile stones are made for near future technology, that is, SEPAL (SElf-contained
PArtially-circulated Life support system). In the research on SEPAL, physico-chemical process
which is promising technology is being studied. In order to increase flight opportunities, a
self-contained system is considered. In the research on Space Environment Utilization,
studies of three subjects, which are candidates of Kibo utilization research theme, and promising
ones are continued.  As aims of these studies, not only scientific aspects but also understand of

the interface conditions of manned space activities are included.
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Direct Observation of “ Piston Effect” in a Critical Fluid
FH SR ETZE U )L— T (Advanced Space Technology Research Group)
K . FR E—. BHHEA
Hitsury Ohnishi, Sheichi Yoshihara and Masate Sakurai

Abstract

Thermal energy applied to a pure fluid near its critical point immediately makes a
strong expansion. This causes an adiabatic compression in the front of the
expansion and a large density difference is formed there. The difference with
adiabatic energy 1is transported as an acoustic wave. This rapid heat
transportation is called “Piston Effect.” In our study, an ultra-sensitive and
high-speed density measurement system was developed to conduct a quantitative
measurement of the “Piston Effect.” By using the system, we succeeded to directly
observe the elementary process of “Piston Effect.” To demonstrate the performance
of the system, the measurement of sound velocity in a critical fluid was conducted.
Using the FFT method to the experimental results, the sound velocity could be
precisely evaluated. The wvelocity profile versus temperature from the
experimental results shows a good agreement with the simulation results and
theoretical prediction, that is, the profile should have the scale universality.
However, the profile from the experimental results obeys another scale
universality if T-Tc<0.1K. These indicate that our experimental system enables us
to quantitatively discuss the critical phenomena.
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Fig. 2 Comparison of the density signals with deferent heights as a function of time.
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Fig. 3 Comparison of the sound velocities with deferent heights as a function of temperature without the
height correction(left) and with the correction(right) .

DZEM & BB /LmIC % 5 & RS R L OSEMATE R Fig. 3 AICRTE. BEWCHED TR
=95, FEERFBERENLIT, Fig. SETIIAME TH o724, 100mK F&HE % 52 12 553 O 1L E i
FHERRE>TWLZ ERHEICRClRNS, 2ol E LT, EHORBRLSNE & AFE MO 5
RAFPEDREBE DD Al HEMRH Y . THANE LITHISHRCL O TORRT — & L 725,

3. ERXFUBHREE
IHETOMETIHRENR R T v PRIC EHT 5 2 & BEEMST 9 CRENTW B, Z HUTE R
THRBENGNTEENLTE Y, 7L ADEED FICERRAICIZE Uy, Linl, Sz ng
B2 b RR ) BIGEROBEEBENTTRER DI, R SV AT S TWS L E2 A2 LT
XHWMERT v S HBIRB AT T TH D, Fig. 412200 #2005 . EBEABHIOMmMH) S Th
WD CITABY T 2 MBEVE T - 7ok B2 R T, 53D 120m/s FRED 6, Z OHa . #or AL 1
B LRD, LoT220A7T v 7BRERENTLE, AV ADESTEESPEALNEEE LTV
ZEBLNDG, k. SAYRBHORENR A2 D88 % (PR BIR] LIFATEY, 27
v TR TER MR 20b0Ths, Lo THig 413 T2 2R BESSICIR T
DTHI LIz L ERLTVS, e R bR BT, ~UVARTE., %A R
DAV FERICEL TS, #EITH GBI AT T 5, UL LIED CHNBCTIR, B %

This document is provided by JAXA.



76 TR IR SRS DB B JAXA-SP-05-011

GIEE (rad)
0.05
L S

0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2
B il (msec)
Fig. 3 Density signals from quasi-DC heating as a function of time.
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Research and Develepment of Space Servicing Systems
EERMTE S IL— T (Advanced Space Technology Research Group)
%“:g‘gﬁg,& AF L B TFIL—T (Space Servicing Systems Sub-group)
FEEE—ER., EFTNRR. BHEA, EWETF

Shin-ichiro Nishida, Heihachiro Kamimura, Fuyuto Terui and Sachiko Wakabayashi

Abstract

With the manipulator flight demonstration (MFD), the engineering test satellite VII, our country is preceded in space
robot technology, and technical development will be furthered towards the promising onboard servicing or the on-orbit

assembly in the future. Non-contacting sensing technology such as motion and a position / attitude using

y fut
image-processing technology, the autonomous control technology of spacecraft and space robot, mechanism technology
are important. This research is studying the missions plan of an onboard servicing and an on-orbit assembly, while

performing these advanced technology research and development.
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Fig.9 On-orbit visual environment simulator Fig.10 Stereo vision and 3 D model matching

Fig.12 ICP using a time series of images (green : measured points. blue : aligned model points)
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R&D on Space Technology Applications
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Advanced Space Technology Research Group, Space Technology Applications Subgroup
HEIE, WIRESE, NOEEER, KRB, MAE

Atsushi Nakajima, Toshifumi Yanagisawa, Mitsuo Oguchi, Katsunori Omori and Osamu Okamoto

Abstract

This paper describes the overview of the technology transfer activities in the space technology
applications subgroup, ISTA/JAXA. During the space technology developments in the past,
variety of intellectual properties and patents were acquired and some of them will be expected to be
useful for our daily lives. In this subgroup, the researchers have been deeply developed these
technologies and applied for the practical use. 5 theme were studied, i.e. (1)Telemedicine project,
(2)Robotics, (3)Reutilization technology of organic waste material, (4) Industrial Aquaculture and

(56)Moving objects detection software.
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Table 1

B C

Fig.2 Irradiation patterns

Specification of Hypro-system

Components

Specification

High pressure
slurry pump

Viscosity : 100k cps
Qutlet pressure : 10 MPa
Flow rate : 0.35 L/min

Decomposéd &
Catalitic reactors

Temperature : 280 deg C
Pressure : 10 MPa

Capacity : 0.5 ~ 100 tons/day
Initial COD(Cr) : 100k ppm
Efficiency : 95 % and up

Others

Heat exchanger, Disposer,
Gas-liquid separator, Safety devices,
Controllers

Fig.3 General view of experimental facility
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Table 2 Results of decomposed Shochu-waste Table 3 Results of decomposed Hen-waste
Item Unit | Before After Efficiency Item Unit | Before After Efficiency
BOD mg/L| 70,000 10 99.99% and up BOD mg/L| 122,000 17.6 | 99.99% and up
CODMn [mg/L| 100,000 15 99.99% and up CODMn |mg/L| 90,700 19.7 | 99.98% and up
CODCr |mg/L| 300,000 400 99.99% and up CODCr |mg/L| 810,000 51 99.99% and up
§S mg/L| 38,000 2 99.99% and up S8 mg/L| 141,000 3 99.99% and up
pH 3.9 55 pH 38.3 28
T—N mg/L| 8,400 45 T—N mg/L| 14,500 424
T—PR mg/L 750 03 T—=P mg/L| 12,400 1.11

3. 4 KPEFRIE T % RH T 5 LB OPFFES
RPEERRE L5 & 1k, /KPEFRIE A RRENHEIY
L, SERERBE A HIRST LI HIBIEREL D T T, KEE
WM a BN AEEST D VAT LOZETHY, KE
HRE 2+ 2 Z & e { Bl O REE
EZARICT 56D Th o, AKEZEM T THW
B DT R BRI E . B RAFETE, Sl
(AN DBRESMEZAEE LD THY , ROk
HIZIH CILSEICT DB LR DS TN T A —F —
iC LD AERHIEB TN S, FlZIEHE2 4 ReRAH
W JE TN LB RO (2317 VMR, 12%E1)
LSRN TN TH D, FRE 16 FEIT, BREDOA
TEEKEERL, ZhExHWeT7 278

THERBRIC L REFICET 55 % e

Fig.4 Individualized aquaculture facility
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V7 b7 IV&V (SEHRFEM RZ Y MEMERE) OISR & EEiE
Research and Empirical study
on Software Independent Verification and Validation (IV&V)

T SR B 3 L A2 o & —

Information Technology Center

B, FEES, BT, AEEE

Kazumi Okuda, Masafumi Katahira, Yuko Miyamoto, Naoki Ishihama

Abstract
Software IV&V (Independent Verification and Validation) technology has been studied after the
space shuttle Challenger accident was occurred. Jaxa is also applying new methodologies of IV&V to
software in real space projects. Several techniques have been applied and known as effective
approach to high reliability software development in JAXA. In this research, the new methodologies
were studied and applied to support project team’s software development. As a result of this study,
the applicability and effectiveness are confirmed.
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Fky Lo OFFR
Study of future space mission
EMmEATEER 22— BHES. B EH, BARER /NI
Atsushi Noda, Masayoshi Utashima, Atsuo Tsuiki, and Akira Ogawa

Information Techinology Center

Abstract

This is a concept study for future missions and the spacecraft systems for such missions. The spacecraft
would be the next project of JAXA. In JFY 2004, re-entry capsule systems, space telescope systems, Earth-
observing satellite systems, and direct-broadcasting satellite systems were investigated as part of this study.
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