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Abstract : The Unmanned Space Experiment Recovery System (USERS) was launched on
September 10th, 2002 from Tanegashima Space Center with the H-IIA launch vehicle. On May 30th
2003, the re-entry and recovery operations were successfully conducted, bringing experiment

mples and beneficial information back to Earth. USERS became the first nationa

Sampi £ar, Joiss th

project to
succeed in recovery from orbit. In this paper, USERS mission outline is introduced first. Followed
by are discussion on the key characteristics of Reentry Module (REM), result of design and
development, evaluation of re-entry and recovery operation and flight data. Finally, the obtained re-

entry system technologies through this project are summarized.
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Reproduction of the Reentry Flight Environment based
on the USERS Capsule Flight Data

By

Tetsuya YAMADA' , Nobuaki Isgir’, Seiji MATSUDA®

Abstract : In the final phase of the USERS mission, the REV capsule with orbital experiment
samples made a reentry flight from the low earth orbit and was successfully recovered on the sea.
Because the USERS REV capsule is the first domestic reentry capsule developed in pure domestic
technologies, the post flight analysis of the recovered heat shield is significant not only for the
design validation but also for the future application. Moreover, the READ experiment was carried
out by the on-board unit for the diagnostics of the flight environment. This paper presents a
reproduction of the reentry flight trajectory and the flight environment based on the comparison
between the flight data and numerical simulations for the sake of the post flight analysis of the

thermal protection system, READ experiment, and other systems' design validation.
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Reentry Flight and Atitude Motion of USERS Reentry Capsule
By

Koji Ova', Seiji MATSUDA', Nobuaki IsHII’

Abstract ¢ The Unmanned Space Experiment Recovery System (USERS) was launched on
September 10th, 2002 from Tanegashima Space Center with the H-{IA launch vehicle. On May 30th
2003, the re-entry and recovery operations were successfully conducted, bringing experiment

TTCTDO 1 .

samples and beneficial informaiion back to Earth. USERS became the first nations

R e A
1 project
succeed in recovery from orbit. In this paper, aerodynamics characteristics of USERS capsule and
attitude dynamics that are predicted in design phase are summerized and in-flight attitude

dynamics are evaluated.
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Validation and Post-Flight Analysis of the Ablation Analysis Code
By

Sumio Kato!, Keiichi OkuvyaMA', Tetsuya YAMADA®

Abstract : A computer code for charring ablation and thermal response analysis has been
developed for simulation of one-dimensional transient thermal behavior of multi-layer stack of
isotropic charring ablation materials used for re-entry capsules. A mathematical model of charring
ablation including governing equations is summarized. Analytical solutions of several thermal
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obtained with the charring ablation analysis code. Arc-heated tests of CFRP ablator models were
carried out and measured results including temperature response data were compared with the
simulation results of the ablation analysis code. The test results and the simulation results agreed
very well. Measurements of the successfully recovered USERS/REV ablator were carried out. The
measured results of the in-depth temperature history in the ablator, the char depth, the surface
recession, etc. agreed well with the simulation results using the ablation analysis code. These
results show that the ablation analysis code based on the present mathematical model are available
for the thermal response prediction of CFRP ablator used in the re-entry capsules such as
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Research and Development of REV Ablator in Arc Windtunnel
By

Keiichi OKUYAMA ', Sumio KaT0 !, Tetsuya YAMADA®

Abstract - REV was the first reentry capsule developed through pure domestic technology and
successfully recovered. REV is thermally protected against the severe aerodynamic heating by
carhon-phenolic ablator material. The present paper describes the feature of the heating test in the
arc windtunnel and the ablator characteristics clarified during the research and development
process of the REV heatshield. Because the heat flux anticipated on the stagnation surface is about
2 MW/m’, the dominant surface recession mechanism is identified to be in the reaction control
region. The thermochemical reaction data have been acquired through three arc-heater facilities
with different enthalpy level for calibration and tuning of the ablation analysis code. The
hermomechanical behavior of the ablator under the high heat flux environment such as

delamination, or spallation also has been investigated for functional safety of the heatshield.
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Design and Post-Flight Analysis of REV Thermal Protection System
By

AT A L

. Sumio Karo ', Yoshitsugu Kanno ', Keiichi OKUvAMA ', Eiichi UEGAKT ',

Tetsuya YAMADA?, Toshiyuki Suzukr®

Abstract : The re-entry capsule USERS/REV was successfully recovered in May 2003. REV has a
heat shield system to protect inner equipments against the severe heating environment during the

re-entry. The heat shield system is mainly made of three kinds of layers, i.e., CFRP ablator, felt
type insulation material with thermal anchor and an aluminum shell structure. In the design of the
heat shield system, contradictory requirements of heat ejection in orbit and heat protection during
the re-entry had to be satisfied. Thermal protection performance of the heat shield system was
calculated using an ablation analysis code. Thermal stress analysis of the ablator during the re-
entry was carried out using a large deformation FEM that considers materials non-linearity. For
the development of the heat shield system, various kinds of tests such as the arc-heated tests of the
ablator and the strain survey test of the heat shield system were carried out. After the recovery of
REV, evaluation of the recovered heat shield system was carried out. The temperature time
histories in the ablator obtained during the re-entry and the damage of the heat shield system
measured after the recovery were compared with the results of ablation analysis and structural
analysis, from which the heating environment during the re-entry and the cause of the damage
were estimated. The evaluation of the heat shield system design based on the flight results is also

described.
1. FUaic
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Orbit Tracking of USERS Recovery Vehicle (REV)
with a High Performance Long Pulse Primary Radar
By
Yukio KAMATA', Kousuke KawAHARA!, Kazumi SAGAWA®, Nobuaki Isun', Yukio MAEDA',

Kouzaburo INOUE' , Takashi ABE', Akira WakaBavAsHI® , Kouichi IjicHr’

Abstract ; After 8.5 month-experiments in orbit, the recovery vehicle (REV) of the USERS
satellite was reentered into the atmosphere and successfully retrieved on the sea in May 30th,
2003. During the atmospheric flight, the trajectory of the vehicle was tracked with the new
precision radar system at Kagoshima Space Center, Uchinoura, Kagoshima. Since, the vehicle has
no active tracking instrument such as transponder, the primary radar should be utilized so as to
detect the object. However, the usual primary radar system is insufficient to track the tiny vehicle.
Thus, a high performance long-pulse primary radar, which had capability of recognizing the 1m?
object at the distant of approximately 2,000 km range, was applied to the tracking operation.
Initially, the radar caught the reentry vehicle in the previously predicted direction. However, the
radar lost the tracking data, intermediately. In this paper, the operation sequence of the reentry
tracking is briefly introduced. Then, the tracking result is summarized with the estimation of the

impact point by the offline computation.
i
1. 14 =

USERSTEZEA # 7 &)L (REV) Dk KB HZEABE 2 USC (N, BEERNZH]) 265
FREIL — 4 2 FHOTGEIRL 72,

KR A AFEER Y 25 A (USERS) IR WEEZLCITH T 3L F — - EEHIAHBEENEDO) &
D OEIIC LD MEEABATHER Y 27 AR (USER BB EERZT > TV THERY 27 4
TH D, 002469 A 108 170205 HIAD 7 o b 3BHIC & > CETBEE €Y 54— 54T LY bz, 4T LY
#598.5 » ARIENE L CRBEEEM RS EERS L EME L 2%, 20035 A30BICHEA S T L REV) B EHE 5

Ll e e R SRR A (ISAS/JAXA)
INECHEZN—2Y 254 (B) (NTS)
(B MATFEERY X7 AMEHEREEE (USER)

This document is provided by JAXA.



106

@tz n, KREIZHEAL, DMEFRETE FISEK, BIE 7z, REVIZRBEAMEMHZEDh TH Y,
MIVARY SEEEN L L - L BHBEEIER I TR, £, NZHS 0BT 2EA, BEREEE LT
500~1,000 km#& A /35— 9 2 MEHH 55, H 7w EEMYLSm EFERITNE 02D, BEOLRLY - FEET
T E N, 22T, BIMERESREHIE VR L 2 LRV — 2 B RAE 5 THEATRITHOREV B L 7.
FUHRBHL — 7 FHEETTETR T, BV ZALRL -4 R, FEEFE SR L ZE,009 1) DEE 4
REL, ZEMTORSZF OB X - THBIJTEN L ZERHET D HRT, L — FWERED Im" 084,
EFREETH2,000km E THAT 212K ->Tw 3, [1112]

AMTEE/ L Z1LRY — £12 & 5 USERS REVOEMEHSTHOMR I DWW Ol BEWER & ZA TRl
DWTHRET 3.

RSIVA L RL—Fhets
FARERSNEIRGVUVAE (1,000 1 s) OEFERE
ZENTRERAOMBUEIC L o TREGEANV AR
L—FEERS L m2QFE, EESETH 2,000 km = CTERIWE
CGEB D1 us 270UV AETHEK 600 km OEREERR)

FREL—5 (EF 57 T8

TR 5.6GIzE

FOFTER T mARILAY

A0 : +0.25°

BIEHT 11,000 kW (754 X RE2), 200 kKW (TWT)
7 TR . {5 48.7 dBi, 2{£48.2dBi

BABELL 1 -106dBm (L g s). —133dBm (1,009 & s)

[\
~
\I
i
“t
“H
o
Tt

FRHL -3y y P EOTRMEREZENRT2HNTRE SN, M48 dBID 7TV FFHIEEFE L T B A~
AMEIE 0257 LIEFIT/N X, REVAEBHT 3854, HillL -39, REVIART 3 L FPHl&Eh 3 51
7Y TEBIREVEE BRI S, Z0, EROHEAYESTFHE T VWL L F7 Y FF ¥ —ANIZREV
AT A2 LA TER Y, ~EREVAMIET L, DBET V7T O BENEIMEREIZ X 5T, BIFLET 3
EATETH 205, TEBZTHHICHET A ENE SIS, 220, 7V F T PRE, B Z0WEEY
FRBIIBEETHD, TOTNL LI BEAREZBO TEVEETTHTILERSH 5. —F, 7V 57 PHER
PToOFEIzIL>TEHEh .

BREAPE = BMOBEER + SEEE + SEREEE
(FHlE) (BLaE R EE) G V) (Bt fE)

WoT, BREAPRETHIEIIZRD &S L PHREIEEND.
(@) HERFEE F OWGERESZE (BEOUERRIZE ENHHEERE)
() REVAYBER Oy BERE#A2E (M RERBR CRRfl & N pBEHE & 0 2%)
() BLEEE A TE (POEEET T — 2 DHEMERERTBIE & D)

D55, 7y FTEAARBREIINL, RVEEPRZLERZOTHS. @ICIIPEEREET LRER
BHBELREPEEND Y, BONKEMOREREELZ AV ET, BEARMRIHAZZLATES. ()

This document is provided by JAXA.



107

i FRBRERATICEESRR O DX AL, BESKEL VI LEHER L. (DOHBEHHE 4
(RBM)IZ & » TR S N BB 13 BIBERER 1D & - TR TEVEE CHEMRBREL R L 24, Th
TERFEREE (£03%) NEINTHD, ZHIIHBZURMBREL 4, FUAREE1 ITHYT 5. #E
%%ﬁ@mﬁﬁﬁ MEMRT L A—4F— 2L LT ERBIZ®ESNTL 20T, ZOFMEZRME T, 3R

ICHEEE A AR AEREA 073 FTHWLE B ZEATESS, RR7 V7T E—41EE0.25° OR3BFEOFREL
B, Thbb, BEARMNEICHAZLLTE, BENIZET VT T U - ABOMBMBEORENERS. JO20
THlgERL T, 7/?#?@?@%6%&% RO AL OBERAERTIE LG, THEEOT ﬂ%WW
TP VT FAMICT 4 —FSw 033001l —8F7 - 4% 8kl i/74/(ﬁ»7/74w5%ﬁ)ﬁﬁﬁ
ABEHEZEHBT 5 0LENS 5.

3. EBIEFER

HEAH T LU REVIEPHEOERY — 7 v A% R2UITT. ﬁyzﬁ@@b”%&%L%ﬁufDLfﬁeﬁ
WL T — % RBM) & SA LHZEASEISRITT 5. SNARBILY — & TR 2084, 1ZIEEA AP 5 AR
FTREIILDN, FREHL —ZDAIA T4 VEERS T VT I0A10.5° T%%xfé_akbt.%of,
FEABEEE, SMANIS L7y F I AMAZERL, ThET YT TREOCUIIES L7
ZOFHREIZUSOC (TREXMGHEANIN) OEASHETCHHEAUSCETRREINS. Ny I Ty TENS
BT, BEALBNOBET — 225 FREAERT S, KOEEE LT 5720, BRMETEIREHRKON
SERRTICEHE A NG o, B CTERBONICERBHEBLI B VERD -2, SHICPHRBE 2 LY
5720, RBMAKIOF L A MY F— 22 6B o3 IEEERF S LI V7T TRIEOBER (X7 b
BIE) 2E8H3 30, 2OF -2 BUSCTAFTEIDILGEMEROEN TH 5. RICREVIBHRDO T V7 T4
N -y g VOBEATY. MUCREVAEEN OIS ERE & LI Shigilly - 207 v 77 Tl
i (R 30/ & EIEHOBR) 2nd. MPhoREEL (0 #®) Thd. BRIZEH ST
VEFREBAZIT AR [HAA2543°  A105° 1, ARTRIENZ068F062 2470 (JST) Th - 72,

@

#2 USERS REV BRABHERY -7

R 5 . . e |CSCRBD
DX ST Rk B g
Q-20h14mf5/29 09:30 | BLEREFT— FEE GTHAE

Q-15h 1445  |BEB L —0 2 AT

9
>

Q-2h44m 5730 03:00 ML%%?w&ﬁﬁ(i%ﬁ)
Q-1h39m 04:05:52| B2 A TVt

Q83 05:44:45] A B B Hk

Q=0 05:44:53| WLERERL & — & 5k

Q+20s 05:45: 13| F A B HK

Q+19m 06:04 T ATty MEIE

Q+19mlds 06:04:07] N 28 ABUSC_AOS) 200 km|1,640 km

Q+21m28s 06:06:211 7 > H/£10° Elev=10) 1155 km| 717 km
Q+22m32s 06:07:25{ #EETE 2 o — LB
Q+22m39s 06:07:32| ¥ > TV E—F KK
Q+22m48s 06:07:41 7 > F AR R (Max_Elev) [130 km| 349 km

Q+25m09s 06:10:02| N2 EEUSC_LOS) 80 km|1.060 km
Q+29m34s 06:14:271 /%5 ¥ o M4
Q+39m 06:24 | FK

This document is provided by JAXA.



108

K3 TryrANLb—Yar BHFR 0vO0-
HBRUAE (Az254.37 ,EL10.5° ) TR
!

RBM A KIBOIMEERS (FLANIT—%) 20EI07 > FF PHREEETE
{

RHEdEE T 0556 ()Y ) LREVIERKICEAE T Z o 7 IL#iE
!

M TERWES. FEVEAVIZT YT AERED . Ml EE
i
REVZMELEBE, AEMEEET=a 7L TT Ty MATE

J
L F TR AN T 4T #MOTYEERERE

FUFFADT 4 — KNy 27 B L O AT

25 Azimuth and Eievatlm from Prec Radar Center 2,500
L T
A : : Rem529 529-21
g 0 8:00 ~\§@ | ] £
g0 0 1 2
£ 20 7 / é ) 2.000 o
= ; &
s i i =
E 15 Elevation : \7:@0 é{: 11500 %
i - . : ; & g
g : : .3 g as)
g 8:30 | NN LU B
= 104 :: A 1,000 %
g : Ny 5
g0 i ; : 26:00 - 5
5 S 200 /A/ \ 5:30 1 g
%‘3 i | Range §\ . 500 &
£ [ dong 830 oA =—a— 700 ) =
g f 9:30. 8:00 7:30 5 002 3
5 (9000 I T T

120 140 160 i80 200 220 140 260 280
Antenna Azimuth from Precision Radar [deg]

1 FrriTHRE (WA, TRA, EER)

i

4. BUEBR

ﬁ%"é/\ﬁ ERATIZIZSKIL6BHE T 17 S A& A L, BUERT RIS L ZREVETF LR E B ERE T4 X
Y. BBl K URBEFNIce b DT SN2 LT -2 42 AL, USCAR (USC_AOS) DfiE
EHE A YAMIC UTHEER U, 220, EEE 2 v L — P IGETEE S vz,

5. EWER

FITPHREROOFTATHE SN, ZHIERBMOHEEMREIZITHEEB D ICBR S L BIR T

3. WIEREIRSANS0MME, VS IIREVAEIL 24, 208 Ty 247 Lz, ETEEEE D OBERABOEL
TR, NZHME (USC_LOS) ERNCEET 2 ENTEZ, F3IIV — R ELVANLERT. #0508
MR TEEDLONIBHE T -2 2885k, TAUADEINTOT -2 3B ohihr -7k, XEBBE TR
LfM%@a77iu WA I S HEL-BA0RERETH S, ERE, ThbbEEEE L TR
NCHETRETH > I WD TR v /4 T LbITH B0, ZOFEMEREREbr> TR, AV 54
VAHETHEAREEREHE T HIIE RS T -2 RBENEN 50T, BAKRTERAY 754 VAHE (8D

This document is provided by JAXA.



109

ESREEE) CHEASEAMEL, BAEERDZ. £ 754 VEIE TR 2BEASREL X4, R5ITRT.
K412 USCAREA B OHHHERIN T 3 SEEE, MSREEAEDO 7 v + 7Y v b (EREAOEEZHY) T
H5. HhEK (@) BN —FF— A TEENVI LY a VB THS. 774 VEFEIZX RO ZFK
APEME R ENEEOGPSY — 2 v L BB ENERE & L<—H L Tk,

T Diameter 11,4755 mm
Section Area (1.71m?
Length 1,319 mm
= Gravity Center 272545 mm
’%\ i Weight 6727 ke

T T e & T T Ixx 11284 kg m?
- = Tyy 11579 kgm?
Izz 1 159.8 kg m?

N T8
— AT
T |¥ Cas Cros Xeps Cte Cugs 1€

E2 REVEMESHEETIEREEEET

~80
wuen : REN.LOG. ] S
LA %g?ﬁki‘ﬁi- b Shega? : RIS : 83,0 dBe
Fhsst 13503/ 8785 os:04:07 . Kgs&%% : —%g gg
. . £58 Io=2.
141.5s ANT DRIVE ‘MODE(AUTO) : CEBoeay i 18,1 4
: : 7 : 28,2 dB
48.5 dB
mieo Y278 48
11.0000m2

-it1e . . e

-120

HEAB L 22 (d B oo )

-130

-140 L

' 200 300 400
NAB I ES Y « &b

3 HERL-4SELNL

This document is provided by JAXA.



110

Altitude - Time History of Reentry Trajectory
T i 2 T i T T T U T T T T T H ‘ T T T I T T H T

200
- Simulation Trajectory |
Radar Data ¢  Radar Tracking Data |
L (145 - 188 sec) : g
150 %&%@\ .........
é I Radar Dat )
adar Data
g 1007 (335734075609 )
< ]
50| . Simulated
Impact Point
3 E \ )
0 x Air'nqsphere;Model‘. IISIS;agdafd L ‘ ‘ X% N
100 200 300 400 500 600 700
Time from Reentry Epoch (sec)
H4 L-F-BET-SEBRADEREELORE (EEEE)
30 Foot Pnnt (La’umde ami Longzmde) sf Reentry Trajectory
: Radar Data I
Simulation Trajectory &
R (145 - 188 sec) g |
29 2 ®  Radar Tracking Data
T e
28 I ]
=27 e Radar Data :
g7 (b= F T X335-349 $6¢) 1
2 e L BUNERMIC X ng -
Y :
55; :
4 - Sirhulated Impact Point ]
24 ¢ without Parachute Deploy E
- (22.685°, 150.641%) - :
23 | T N .
- Atmosphare Model Us Standard ]
22 bt — —

125 130 135 140 145 150 155
Longitude (deg)

s L—4-BYF-4EBERANERERLOLR (BREANDRENY)

6. FLO

T URR Y FERYNEL - FEREEAERL CORNWEEAS T ELREVEE/SLZILRL — 4 HRE
BERLGERR LA, FillL —202 014 54 VEFE» 5 MA105° TS24, REVIRIZITTHIEED O
FAATHESN, BEAFETHEO O CIEMEEEN T — 4 RBM) O SN EHEMZITHEERD Th - 7%
PEIL X NI, THFREZ L - L IZN50MER L 282 2 Tuy o4 T Lz, vy o d 7OFMERERRIZ DN
TIRABA STy, FEBERED OBEREBEDELEE, USCIHER(USC_LOS)EHIIZREV 4 HifEd 5%
BTED, A VI VETRETHERELERETUE T 2200 RS 2T -2 3B oMk -7z, B
TRICA 774 VEITR THEHZ USAETHEA BN U ER, BINEHIEE SN ZGPSY -2 VY OBRRE L
FEDEABLIENTE .

This document is provided by JAXA.



111

O

E BT

>

(1] W00, $6F, fb [B/ L X —RV — SRR A 2 RREET S LB Y — 48], BEXEEY
B8k, 2001-12(2001-05)
[2] IER, Wi, fl [HREEy — &1, FHEFEMZTERESE 1225, 2003438

This document is provided by JAXA.



This document is provided by JAXA.



113

JEEEEINC & B BRATRIAAPRD R

Wi R - kB Al Al AR - T B R BL - Wa
FEE Rl WEE MR gl 0

Optical Tracking of the Reentry Capsule
By
Tetsuya YAMADA !, Hajime YANO ', Yuubu UcHIDA', Nobuaki IsHnr ', Takashi ABE ',

Yoshifumi INaTANT !, Kazuhisa Fusita!, Toshifumi YANAGISAWA ?, Kouichi Iyicur?

Abstract : Normally, reentry bodies, even if they are to be recovered, are not equipped with on-
board instruments such as transponders, which are useful for realtime position monitoring of the
reentry bodies during the flight. This is because the surrounding plasma generated by the
aerodynamic heating makes the transponder positioning nonsense as the blackout phenomena. If
we could know the trajectory during the reentry phase, even if it's not monitored in real-time, the
information will be a great help for the rapid recovery. The radiation from the highly-heated
reentry body during the aerodynamic heating has enough intense radiation in visible region for the
detection on the ground. This paper investigates a method of optical capturing of the reentry
bodies by means of the visible radiation from the bodies during the aerodynamic heating. And a
result of the optical tracking actually carried out on the occasion of the reentry of the REV capsule

is also presented.
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READ (Reentry Environment Advanced Diagnostics) Experiment
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Takashi ABE', Kazuhisa Fujrra ', Akira WakaBavasui?, Kouichi [icHr ?

Abstract : In the READ experiment, the in-fight measurement of the radiation, emanating from
the shock layer generated in front of the USERS reentry module during the reentry flight, was
successfully performed. The radiation generated at the shock layer was introduced into the
onboard spectrometer in the USERS reentry module through the optical fiber. During the flight
experiment, the spectrum of the radiation was recorded on the on-board data recorder and was
successfully recovered after retrieval of the vehicle. The measured data shows that the spectrum
was contaminated by the radiation other than the radiation emanating from the shock layer, and its
intensity was stronger than was expected. The spectrum at the altitude of around 90 km shows a
strong influence of the ablation gas while the spectrurn at the lower altitude shows an influence of

the albedo of Earth surface.
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FuYEOTILVEYTINF 2 - T TRELZ LT, REV OBERIZED DI 7~(X2). OHD 2LV 7+ — 51 2
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ENZEEEPEIE, OFBIZ& D) SPMANEA XN S, SPM

T 19 RDOKT 7 4 S EBFNEN, FO T FH¥ ]2 READBMfFE—F
2y FELUTHNTWS, B HARS EIEAR
S Mode A | 7800s | CEUD % 4 <12 k& 5 Hk

SPM IZE ) 7 A — 25008 E CCD A 4 7 2 6 3E%K Mode B 600s | SPM DY+ — AT v
ENhb, RV A—-2EREAD S v ¥ a vDDIZHKk Mode C | 350s | A~z bILEH
REHBTTA Y AV A Y/~ 2 (k) 12k
SRR IRV IS b TS5 P A=V HNET, FEZISEETHS. CCD i ANDOR Technology #H#!
DNNLF 235 Hl £ 4 7 CCD ModelDU420-UV % X\ — 2 {Z ANDOR Technology #2BHE L =8 DC, BEZBRIET T
DERADED~NLF = GRAINZHEE — F ¥y 72y, TSRO 72 DORad-hard RFOHFAZEDKR %

iz TIQERS m%ﬁé&hﬁ/‘ziﬁ “W 2 A x5 AR AL TS CCD I3AKE ] 4 X IBE 256 pixel D2 E AL
AR A, UDERS VPR LIRS A B L a e O . CCD iz 1024 AZEIE 400 DIXCL VO JGIHI T 39 9,

FEI VLT VAT FRICKOBE U TEESEEZ A YV F35728, s/MERIECREIIE 32 ms &£ o
TWw5, SPM Afke UTOBRSEUZ0.44 nm/pixel, ZEREIX FWHM T14nm BIFTH 5.

fifazy b, EEIZv M, RU—REH

CEU MUY PSU IR HABSMASH B NEC HEZXR— Y A7 4) 12X DT X/-. CEU & READ EED
VeV AOQTNTEBEEL, SPM & PSU #HIfIL, SPM K DHEBEINALANS L4 A~V & READ £V
B=R VDNV AT -2 5LEETHY -7/ THD, REV OFHIAEEE OHS) Lav v /7L b4 e
Tx—2A%KFT5. PSUERBAT » ol hs —RENF#L ¥ 20— LT, READ 2RI VHE-3 v N ORERE
BRE LU THRET 5.

BAT WFHMEMRAMIC L ORI N, BHERFLE LB TEREERASHO By v Y F Y 48
i CR2 (EE 3V, 750mAh) W5, ThiaES] 10 X X5 12 RFEFEL, &R 30V, 9AH, BfERT
JITA2UVOEMAEERL TS,

EHEAE

)ﬁ:l [ Z N

&

"ﬂ?‘)

EAD EERS 25 Al3, HEA 72015 USERS Y AF AL DA VAT = — X &M F 2 L d BEEE» S

dad TR - [ V2 AN i

ONKWF@UD“@?E8bn@2?—5xﬁﬁ@&@fmvvx?éﬁ4Vﬁ?;—]GJUELT%?%.
READ OFFEHR AL, REVDHS 256% 62 VBRI fThbh, CEUILET Y vy bEhd—7

VAMTUL S HENTEHY, READ BEIZEEHSAL 120 /v —— 10
DTS A THEY B, ok, BEAE 107 N\ BT
FIRTIZ USERS BUEO L ¥ ¥ v 7 4475 > CREAMRE 103 N ,/ﬁﬁﬁm b
ETFRIL, CEU LT 0 74 &hz 22Xy bLEHIE 9% ~rese é =
M, FOAIS LOMEORITELE 7 —F 5k § e E
%4 3 CREAD OBFEEBRATH LI FEEM ¢ 40 5
Vs, § 50 | Velociy , fé
BIEIAH, READ BB CEU O7 05 AR =~ s Do =
TEUTRFBIEE — 2 ERFEGT 5. S 3
Mode A &Y + — 47 v FE— FRMAE TORKTH 201 :
%. ZOM, USERS IZREM % 238EL , REM 12 RBM (2 e L, F
BAUTHEEN L, REVIZPM 408 L THEALE R T VR T T
g 5. ROKROMRE - FARIT 6T S HEE X4 USERS RE?T%Z;?%;TE?E??%E?D AT b
REM ZrBERTO A XY b & LT READ & %%%Abaf JUEFBIEARS (Mode CEI{EERRD)
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NEX LR THE, FEE-FETHE, ModeBAEITL, SPM @ CCD L F = EHTFIBEBEL THHIZH

A4 5. Bi%1Z Mode CABITL CHE 2 X7 LA THz DY V7Y V7L — N THUET 5.

READ EERIZB W T AN P LBHESEE E N0 REVOEE, JUE, BE0NRE S h30H15 5,
FREAEIZN -7 REV OEE, B, £BIREV U 27 Atk > CEHle, REVERINZH LT REVODF —
FLIO-FILFEENS, —FF, READ FEEZ CEU @HED # 4 v — 1l > THitli & B728, A2 MILE{EEL
BEAIVIEAT - AERL UTREVIEKEML, REVEIISILUTREVOF 4 LI — #2587 5
LT, BAXRY PAPERBEINBEEO REV OFRITIRENRETE S L3 ZEIN TS,

o>

31 BRAEH

USERS 1% 2002 4 9 A 10 HIMT ¥« >~ # —» 5 HIA
By b 3BRHC K> TS B S, il LR
SR E DA 90 A% o729, 2003 45 H 30 R

WA 7% - 7. REM IXFIE/FRl 4 B 6 5 (ST) 1240 &
AU, 4P 5 B 45 5712 RBM % Sk LW & B, 6 B 23 J7eic
INERATOW LISHAL, B E R,

P32 ARSI o 2 TRAT R BE & WU IS O RFRBE (pre-
flight THIE) & A2 AT OBERIENK4OBEBE TRy
L CEB SR TR, SRANIE, HARE < 5 @7 71— ST
EFEENLEE 100 km 205 20 kmE TOHEICIH > THMY | e =
@fﬁﬁtﬁlkéﬁﬁabfwéﬁ,%%Kd%L&%ﬁx

DREEE LT, TOWMRIINOOPVOY—-Y Vv aiERL, &
b LT 350 MEOEH Mode ) #fTH5EETH - 7. K

WEBRTCRLEDRRR P 754 MEFICL DR S h e
APEORERETH D, PRk 22Kk E UTHHMAREL &
5>TW3, Lal, BP0 60 Bov—v itk 4%Ehilix
ITHEL L-BEal i abhztZi160 3,

OYELD S LIRETO LR

32 SROELE BI5 MO OHD T> k5> 2F 1 —7
READ #8328 F 29 o 7 bO—HE LT, TR

o 2002 49 A23 BiZ, £A-BEARO 200344 6 BlZ, TAFNhF v 7 FON/OFF BEIER b X
V25— 4 ZER) #1T%>7z. REVEIN - 3%, 83V E-XV I OEBREEZ T -7 25, B
BERHED OG-/, OFB A< 19 KL L THD, REORLErRFETL S h, REEE 28
HETH D OHD SHEENE, 72, OHD =V 5V X F 2 — TORITHROMNEARSITRT. 5 G) 1R T &
I, F 2 —TOMFENE (77— F EOEME) IZE7 TV g VHAPRIZBRBALZZ L 2 RTEH LA
Do, ZOZERE, SHEERAL 7 OHDOREE I, MRS L UOREOMEL R -T2 eNFE I h LT
B,

READ SERTIZ, BAT B, BEX K UWE, PSUSVEE, SPMEE, BXUADCHEED 6 HE LT =
£ LT CEU IZ 1 Hz TAOgEL wé.%ﬁ%%f@%?~&®%ﬁ%@ , BRI ARBIRO T R L IZIZFE U
BERLTOBIEAHERENTED, FETREVG SN BEA TR LI LEES RS,
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R3 ANT MVBE

B (s) 2R N ILDIRKE

1~42 KRBT Y bV 2F 2 — T THRELE N2k

EBDbNB AT ML, BERE TN, £5)

IR FET/ DT Ao VR X vk

43~54 BH~THOIRETHF Ay L, —FBEER

55~214 | JFOTGESEIR T ANy b ILILATH

215~22 | SHMEIINO L Bb N B ANy bL, RIEEM

AR

221~350 | KEBEGELCE 23R 7 AN bR b 2
I

Ze Y v St NGRS T2 SN 7 - Py ¥
YRy, WEBEIPTENIRT/TT AN D

HE Tk

33. ANYT MLF—4

READ EEE I3 350 B, B 350 DR~ b LT — & BHE XNz, ZOB 5 &7 DHEEERF] (ModeC
BREARS I 20 & OFEXME) THRIIRT GRITIREBL OB L T OHIBIEX4 %2 511,

USERS REV O F2ZE AL, ¥ LEi A ERINGHO#E» 5 HEBTH - 72720, WIR7 L F R KECEELD
BEREEIN T, BBV TRAKRE L TZRIZEEB AL, -EE LT 2EMEH TGV E T
ﬁbfwttw%%&ﬁ@éﬁ@ofn&#ot.%%,754b?éﬁﬁﬁ4%mnu?T@m&7»NF®%
BRANNE o2 BN oT0S, —HFRBEXOBELIZ DV, =Y b7 VY AF 2 — TH 5 OREDES
(EB%WQDKAE&D$5ﬁ%?ﬂﬁ%ﬁEoth.L#LOHD@,%@ﬁT@%L&U&ﬁ&WH?%
ARAT AL EENG, S EIIANT - XA R I EREIC R > T 5 (X3). OHD BiffRETIX, T
VNS YR F 5 TALG A 5 OWA OFB I AS Lk 5 1B L 7228, 4T EUFEBIE, 3 5\ B BB
HETT 54 YAV FOTANREL, TV b T Y AT 2 — T ALHROEEIEA OFB 12 AS 4 5 RBEIT I T
FOTIL P EHEEIND, AT MILAEE X h7s 43~54 sec OHARIL, REV BRE L KSR &3 AR
60T B EERED ST BT THE Y, ZOBIIABEOBELENZ L AL OFB IZ AT, RO ERE
CHFANY P AHBUETE L DEELENS,

FHIAELH 55 sec PIRBIZ AN P IZEIZEM L URWEBTREM L TL W, ZORBAICRENET
LT 215 sec DIRRIZ NO B XN B £ T, BIKROH B ARSI M EBFBIENTE a7, TORRELT,
OEBEEL 7TV Ty 2AF - THSFOREN OFB ICAGI L, ) 7L 754 VT 4]TTHIL 2 AN
o LR ASE/NGEHTCH 572, B0 D 2 ODHEEESAE L 6NS. BIERIAEEELES OFB ICAHK LD L
BIESEHOF AR TS Y . 2 IR ANS, JONBREZETIE AN MLF — 2 DEEI» D
HATEB LS THD. LErL—FHT, v 754 F PHEIGENHEZ 72 WS TR S » D, SRmNG
LEHRE OB FE, BIAURER 2SO WA ERIPLETH L EF L T35,

4. AT PNILOFE
B INEZART PLOS BENERBLNEZO0OHME , Bl E AN ML EFHE LTH6IZRT. K6@)

IR L0, ModeC BGED 5 48 sec BDARY L THY | BF 89 km, RITHE 7. 5 km/s DEETF T,
—75 (b) 13 218 sect®, BEE 3 km/s, RITEE 3. 4km/s DEBETTREINZANS PLTHBLHEZINT
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WA, N W/sr mb ABMOMMETS D, READ FZROFMHEOHEAL » 1) CEREBAORRITEDK
HMEICE LTS 5. &k, BEAMEAILTHREEDII 20 TRV TS 5.

AR N LORNTEEFEET D701, WEEN T — K Th 5 SPRADIANVI.S-PLLAL 51 & RV T#T 217745 -
LB, EOPOEISY F AN MANERTE A 572, £ 2T SPRADIAN TR TE 2 ZH T/ 122
W, ERBRIIEET S & TSR Z E0O4FREIL, #7212 CH, NH, OH, CH Z0 5 FREIZ OV
FiskdioF—a~N—Z&BEH L7 (SPRADIANwIS-PLLS)., ZOEXIIILT, ¥ LTEHL L5 8D
IZOWTIE AN FLAEE LT, ORI HBROADIR L, 2 TCHEREEORE/ZTIEBE LTS 57
W, BNV FARY PERETABIIAWEEREERIRIOEATHY, &5 F AT MLEO KSR
B O BIRIZRRA 20,

300000 300000 ~ v
3 3 1
275000 4 NO deta 275000 NO gamma ;
T O L A et NO gamma kI I ¥ t
250000 4 i ~ OH 250000 4 H
b NH 3 ‘:
225000 4 o CH 225000 4 Measured ;
= E =
= E I B CN = 1 \ i
S 200000 4 3 S 200000 9 \ i
% E 8 2 ] ) % i
£ 175000 4 e £ 175000 | A i
] E e 3 Measured 8 E 2 1
& 150000 4 2! b g & 150000 1 { ;
R E ol & | A . 3 a7 v
= 125000 4 S Ba M / = 125000 1 1Y ;
{7 E Nl / B ] ffw | ;
& 100000 4 I N / G 100000 4 3 i
2 AR 2 Y
75000 3 i i I 75000 4 ngg | | Y {
E [ i 3 ! | AW {
50000 3 Lo it x 50000 3 |4 o } PN
E i it 3 y/‘ v | H e
25000 1 25000 4 /s | H
E AL ] \/\/‘ s
; ;E\u\\;wd:;‘- - 03 > z
4000 5000 2500 3000
Wavelength, angsirom Wavelength, angstrom
(a) t = 48 sec. {(b) t = 218 sec.

B¢ EBTELNEZANY ML

L Z%47T, READ EROWHR[OHBENITL 7 74 MEIIC X AESREO VI ED G TiTbih [4]. K7
IZRL DR, ELEOWEN TS Park EF A 614 BT REV B fihih & RITEEIZW - T CFD ##iirL,
#E4) 77— F SPRADIAN-vI.S-PLLAL 5 12 & o CIRA SR AAOEE RE R MEE TRIL /R To2. 771 —
g VAERMIEEENNENEEZZ T, BETEZRBL CWEL 7. TV 794 FOTPHEITIE, HENEOE
S NI N, DR E < B ILEEETIZ NO OFENBRNZ L, A0 BEHE TR (>330nm)
TORNEBEIZELAET LGN LRI

6(a) 12 89 km DEATH 3720, RTOMBREBEENLLBIZT AL L0, AT P& U TURRGE
NN RN, BIFLACRONT, £ 2EEBETIRILAETENEEINTWEL 72 NO ORESHENI L
Py B. k70, OH, NH 2 EOKRFEF&EIEMRES, CN ®° CH Lv-» 2REFRT 2 20O
O ERB LMo, TR H, CETFRT V-4 —noRET2EELZ 6054, OHR NH LK
BIEETH2 O N 4E0RY, 77V —2ERME RROIBIEPEY FCEHEZBATERIZET LT3 Z
EEHEDYED,

MR E AR REORENGEN TR EELONE =D, Z2h5EBICRELEOEENBRET &
FIERTELNY, LALASY FAXRY PATRRIGHEBRHBE TS 5720, AXT PLT 49T 4 YIEITHIX
DR, EEE L SOBHE AR LRAE TS EHBTES. 2L, M6THRLZ CH, OH, NH &
EDINY RANY PLOZOME P, Q, RTIVFLEIHNIYFIA4 75 v FE2EDEME AT PUEER L
THY, 3TV FEH LA A 2 VSPRADIAN-L.S TIRIEREICHIRZ vy, 2 2 CHAIE, K0 EEICY T 7
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0

Wi Aesr

10 -

==
L

Radiation intensity,

2000 3000 4000 15000
Wavelength, A

H7 BARERGHEOBHBEANT M

A VTV FETHITTES SPRADIANVIG[ 812 BIET L L IIF —AR- A EHTHELELT LT
5.

%, REV ORRAGE/LHOEEEAHE, BBI0-72T7 7L~ a YEROEN, L0771~V 4
v EERE L7 CFD BT i L UNESHRNT 4 & AR AMICEIA L TiF &y, READ ERTHB Sz A~y P L L g
BEf§32LT, 77v—va VEEI BEATAGORTREOHED 20 DESLERN AN E D L H
HLTn3,

5. £&D

ERTHID T onborad THEARROES S EHEIZT 45 &9 READ EBORAEL, BHEOLREL Y &L
RINBIZZOEMAERA, BUET 74 17— A OB D T 5, LD, 77V —v g v # XKD
BRHATEMED NI L, 77V -2 OEHEESED THEL L UTBENSH 5T L ARE L Ty
5,

READ ##8 2N ZITHIG SN REARIE L 28 0o HHL, ZORETORYMEAEIL, CFB 2 v ¥ 3 YOF
FTUYVRNEFRRTEZLEIRATHMTESZA5, BRR/APOHMBE LOZ L ORXGTEY LT~ 2 215
SIENTELRP oMz SEEIL, 8 RSO L 2 2WD OURTE L3I, BMEORYLEET LIZL
SHRATRBFMOMBE R ERE T 585 L & 72, READ EBRTEF S h/-FHERR I N-MEMRIE, S %O FHSE
AFEBIE» Ehb L HifFEh 5,

#®E

!

[
%
ol
o

IORBREZEEY BICH 720, MEEE (FHMFFEN) CE2ROITLXEE N ZEZ L,
£LZT.

N
y

RARBEATHIE Y X 7 & (USERS) i, HEEEEERUH T 2L ¥ — - EELITRABFERS (NEDO) O
RELERZITTC, MERAANBATEHER Y 27 AUTEMIERE (USEF) P L ATHERY 274 TH 5. K
L, USEF & OHFEWIZEIZ LD JAXA FHBAUZORE (HFHERIEEIIZA 2318 L 2 BEATRITERE
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