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Demonstration of a Deformable Structure Equipped with a Grating Pattern Printing
Measurement System -Flight Experiment in FY2023-
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IKEDA Tadashige™, KISHIMOTO Naoko ®, HIGUCHI Ken ", FUIIGAKI Motoharu®,
DOI Akihiro™, SATO Yasutaka™ and YAMATANI Masahiro™®

ABSTRACT

For future advanced satellite missions, we have investigated a demonstration of a deformable structure equipped with a grating pattem
printing measurement system and proposed its flight demonstration using a stratospheric balloon. The demonstration experiment was
named MEDUSA (Morphing Experiment for DUrable Smart Antenna), and the flight model was developed. To develop the flight
model, the compatibility of the flight model with launch and stratospheric environments was confirmed. The demonstration experiment
in the stratosphere was conducted on July 27, 2023, as a piggyback payload of the experiment of a balloon-bome liquid argon radiation
detector for the GRAMS experiment. The maximum altitude was about 29 km, and the flight lasted 3 hours and 12 minutes. The
obtained data showed that the actuator output was almost the same in the stratospheric environment as on the ground before the balloon's
launch. In addition, it was confirmed that the grating pattemn printing measurement system could capture images of the grating on the
reflector n the stratospheric environment and that the images could be used to evaluate deformations. These results indicate that the
deformable reflector and the grating pattem printing measurement system can be operated properly in the stratospheric environment.
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The first campaign results of LODEWAVE
(LOng-Duration balloon Experiment of gravity WAVE over Antarctica)

TOMIKAWA Yoshihiro >, SAITO Yoshitaka™, MURATA Isao >, SATO Kaoru™®, HIRASAWA Naohiko %3,
KOHMA Masashi"®, NAKASHINO Kyoichi”7, AKITA Daisuke™®, MATSUO Takuma™, FUITWARA Masatomo ',
KAHO Takana""!, YOSHIDA Lihito™

ABSTRACT

In order to obtain the horizontal distribution of momentum transport due to atmospheric gravity waves in the Antarctic
region, the project observing the gravity waves using super-pressure (SP) balloons was launched, whose name is
LODEWAVE (LOng-Duration balloon Experiment of gravity WAVE over Antarctica). Its first campaign observation was
conducted at Syowa Station in Antarctica from January to February 2022. In this campaign, three SP balloons were
launched, and achieved level flight in the lower stratosphere, but the duration of level flight was limited to three days or less.
On the other hand, we were able to establish the necessary infrastructure for future SP balloon observations in the Antarctic
region, including a balloon monitoring system and a balloon launch method. Preliminary analysis of the observation data
showed that it captured horizontal wind disturbances due to inertia gravity waves with near inertial period or inertial
oscillations. Currently, the SP balloon and its onboard equipment are being improved, and the next campaign observation is
scheduled from January to February 2024 by JARE65 (65" Japanese Antarctic Research Expedition), aiming for longer
flights.

Keywords: Gravity wave, Super-pressure balloon, Antarctic, Atmospheric momentum transport
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SPB forward trajectories from Syowa
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10day isopycnal trajectories starting at SPB positions
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Development of Quasi-Static Balloon Launch Method Using a Winch

SAITO Yoshitaka ', IIJIMA Issei ', IKEDA Chusaku”', IKUTA Ayumu ",
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MATSUO Takuma'®, IGARASHI Yutaka”’, HASHIMOTO Hiroyuki = and MATSUSHIMA Kiyoho ™

ABSTRACT

In the flight performance test (Experiment B20-03) of the superpressure balloon covered by net (NPB2-3) with
a volume of 2,000 m’ and conducted on July 14, 2020, it was discovered that when the spooler was open, the net
would rapidly strike the film, resulting in impact damage to the film and the generation of several hundred slit-
like holes. As a solution to this issue, a method was developed to quasi-statically launch the balloon with smaller
exerting stress on the balloon film. This involved retaining the collar position of the balloon and, after gas filling,
deploying a rope attached to the retention point (the second retention point) using a winch. The second retention
point consisted of a layer of load tape overlaid and welded onto the welded portion of the balloon film, forming
a bundle of load tape. Following element tests to confirm that the breaking strength of this retention point was
1,800 kg, on March 25, 2022, experiments were conducted using a simulation device to hold a 700 kg load at
this retention point and then move the suspension point to the rear of the balloon, all of which were successfully
accomplished without issues. On September 2, 2022, a simulated balloon release test was conducted using an
NPB2-4 balloon, which is identical to NPB2-3 but equipped with the second retention point. Helium gas was
injected into the balloon, and it was raised on top of the launch device. As a result, the number of slit-like holes
was reduced to only two, confirming the effectiveness of this method. Since these holes were considered to be a
result of the shock during the head raising process, a method was devised to completely prevent hole generation.
This involved hoisting the head of the balloon with a rubber balloon, injecting helium gas afterward, and gently
raising the balloon. On August 22, 2023, a test was conducted using a test balloon with film applied to 10 meters
from its head. It was confirmed that this method completely prevented the occurrence of slit-like holes.As a result,
a method for launching a balloon covered by a net was established. It involves hoisting the head of the balloon
with a rubber balloon, injecting helium gas afterward, and deploying a rope attached to the second retention point
using a winch, all without causing impact damage, thus paving the way for a successful balloon launch.

Keywords: Scientific Balloon, Super-pressure Balloon, Membrane Structure, Launch Method
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) Fig. 2 Extension of the balloon train by the new launch method
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VI E O HERNBORIEZ B T 21213, A7 —METORKOER AL, 8L, B A2BEX
5T L) EE BT 20D B

ZIT, oG ZR 7O LI ICTH I L 2ME Lz, Thbb, [ERBIEDOEETICA->TH
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ifHEZ%ME (v — 7)) (Pa) 3,900
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7%, V7B THID TV EDOATH D, FEMZELAIC L 2EEIF T TR Wnid, A7 =
N5 &, DT TIDEI,
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B20-03 FZERICE T, B 100 HORDFEAE L T LT 3 BN RRETH 2, K13 IcZ2D—
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72 NPB2-4a 5 BRI%, 2022 4F 9 H 2 HIZ T L 7« BaBepoRkaEsm I H L 72 NPB2-4 5Bk2> & 3] L 721,
MR E 2 TR L 72 b ¢, KEREEBE 10 m O 2 FFIcEEL, WO bDTh 25, T
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F %,

2. BRI H 7o T, KEREBHMZMEICHIRT 2 i, HoRF R Z2 7 A v FISES AT S 7l
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A AN - T, RERTRIC 3 A58k % B S O HE % (R FFT 5,
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2020 4 7 H 14 HIC M L 724615 2,000 m3 D 1d - & < BAER NPB2-3 ORAAMERERAER (B20-03 F25%)
IZBWT, A7 —7 —FARH IS8 S TR B2 M0 < 2 &I X o TR AR L . #0100 {2 6 &
RAY Y MRORDBFEETZZ EDBHL 72, ZORKE LT, [BREIIC» 2 202K S ¢ 5
HBELT, [IRDOA 77— REF L. A ADDHE, KIREHDHE—CREF RIS Z TR 72 BN L 70/ FF
MESRRR)ICE DD —7%2 74 Vv FTHRO T 2 L2 X > TEFRVICTLS BT 5 751k (74
VI b B L MERRIVIERE) 2B L 7o, SRR R KERIRDOBEHICH Hu—F T —7D I
e —F7—7Z2HEQTUAEL, Z20u—F7—7%2H 07D TH5, TORKEROBMWIHRE X 1,800 kg
M ETHEZENEERBICIoTHERINT WS, 2022 4 3 H 25 HICHL#EE E % v, 700 kg
DB 2 55 ARF R CIREF L 722, [BREI O —RE A LI ) H2 B8 I ¥ % i (BiRLE 2
WD 7o HEERERER) 2SN L, FIER CPRRFTE 5 2 L2 MR L 72, 202249 H 2 HiCiZ, NPB2-3 L [HH®D
RERICEE AR 2 2500 L 72 NPB2-4 Kk Z T, KRERICANY 7 L A2 HEA L, REBOREE D F
ST BT B FEEHIOERGRER (NPB2-4 5Bk % F Vo 7o BEBEIORGABR) 2 M L 72, 2 DfEH. 2 Y v MR
DRMV2EFTETHY L, ZOHEREINTH 2 2 EDBMERI N, TDODIRIFEAFNLT T O
BIMEI b D EEZ SN D, FBRICRDFELZP TR, TLRIKRTRIROETLZ B D _EF, #ic
NY D LHAZREAL, BPPICKRIRE LT RT3 HEEZER L7, 202348 H 22 HIZ, NPB2-4 %
BROUBM 10 m 1% O 74t (NPB2-4a &3K) %2 F\ T 2 DL TOMER (NPB2-4a &3k %
WIZHENL T BT RRER) 2 FEM L. A v MRONRDFEDGERICHIT 2 2 & 2R L, ZHuck b,
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T LKERIZ L D BT ) X = D
A HIRITEER - RERA-2 & RERA-3

BT R, EE BN, TR w27, W BRGRS, AR AT, R 4T,
A BE™, PHEF A, @l 4007, JKHE e, L fnzs

Free flight demonstrations for sample return capsules with thin aeroshell
using rubber balloons: RERA-2 & RERA-3

MIYASHITA Takashi”', TAKASAWA Hideto "', TAMAI Ryota™, HIRATA Koshiro, WAKABAYASHI Kaito ™',
YOSHIO Tadayuki”', YAMAMOTO Haruka™, TANNO Marie >, TAKAHASHI Yusuke",
NAGATA Yasunori > and YAMADA Kazuhiko ™

ABSTRACT

Anovel atmospheric entry capsule with a thin aeroshell has been proposed for a deep space sample retum mission. The lightweight and
large aeroshell allows for efficient aerodynamic deceleration during entry at a higher altitude, leading to a decrease in acrodynamic heating,
The capsule is designed to operate without the use of parachutes. Therefore, the capsule needs to remain stable in attitude during atmospheric
entry across the entire velocity range. To access the aerodynamic stability of this capsule in low-speed condition, a free-flight experiment
RERA (Rubber balloon Experiment for Reentry capsule with thin Aeroshell) was conducted on July 8th and 9th, 2023, at the Taiki
Aerospace Research Field. Two capsules, each with a diameter of 0.8 m, were developed for this experiment, named RERA-2 and RERA-
3, respectively. RERA-1 conducted in 2022, designed with a similar concept, did not show significant oscillation in attitude. In the current
experiments, a parameter study for reproducing instability was conducted by increasing the moment of inertia and shifting the center of
gravity reward to investigate their effects on the capsule motion. The capsules were equipped with a 9-axis sensor, temperature sensor,
pressure gauges, and cameras. Measurement data were transmitted to the ground station. RERA-2 was released fiom the balloon at an
altitude of 25km, and RERA-3 at an altitude of 16 km. After several ten minutes of free flight, both capsules splashed down in the ocean.
The flow conditions during free flight were in the order of Mach 0.2 or lower and Reynolds numbers of 10°, similar to those encountered
during reentry. While the capsules exhibited oscillation during free flight, no attitude instability involving pitch-direction longitudinal rotation
was observed. Therefore, it was indicated that RERA-2 and RERA-3, like RERA-1, can fly stably in the low-speed regime. RERA-2, in
which the center of gravity was positioned rearward exhibited larger angular velocity amplitudes.

Keywords: Dynamic stability, Sample return capsule, Balloon experiment

B =

BIRENPSDOY TN Z—rTayey M LT, EETT 1y oV E AT 58O RKEAND 7'
ARSI TS, BEDOFEOTT 0L o)/ WXV @EENDZEINET 5 Z & TR DZE S EVE
B CE, BFHFHINT V2 — R TEHT A ERBEIONTNAD. EDOIDREKIEAREO AR
IZXE LT TR RE LTRITT 5 2 &3k b, 28N ARLEBZR OB AT THRIKORRGET T A —
B INZE SN G- 2 DRI 728, 2023 47 A 8,9 HIZ T A5%ERE V- B AR T325% (Rubber balloon
Experiment for Reentry capsule with thin Aeroshell) % A2 FH IR CTHME L7z, ARIRTITIEATHIE Vic
Lo TRESN TV O (LT, mEAEET2) LR CER 08 m DB 7 &/L 4 2 #E L7 (RERA-2,
RERA-3). [AIERD =27 b C 2022 HEIZEFT &7 RERA-1 TIIHEADO K X 23R8I R Sbi/edo7z. 22T
AREERTIIEMT— A M EAEINSEEINLEE B 7B % 5ICRE Lz BRI 9 dile o, IS o,
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JESeW, AATHEHEINTREY, FHIT—2 13 ERT%IE L7-. RERA-2 L& 25 km, RERA-3 |35
FE 16 km (2T LRI LUV B, Ht-oOB BRI TOOLNE FIZEKLTZ. BRI TROSM I~ >
INEO2 LT, LA JIVAREN0 OA—F—ThH Y, FEAREORITEREE & [FREE CTh o7z, AR THHISN
=7 —228Y, BEMTHICH 7 UVIEE L T2 b D0, By FHBICHERER T 5 & 5 e 2 v
IR SN2 ho 7=, ZD7=®, RERA-1 L[ U< RERA-2, RERA-3 DX CIEIEER Z 3\ CTLERNTTRE
1TT5Z EBRHALNIIR -T2, Fn, BEILEEZZRTIZER Lz RERA2 TIEL D KX el EORIEN S S
Wiz, BB U2 o X TR O R BB HEE T D 12BN 2T — 2 RS CT& 7=,

1.1Zt®»Iiz

WDV TN H— THAESN TV DTS SO N 7, HERIFER O KEE 22 AGH
FEEMN12 km/sThHHoT-. —HTARE - LEEREDOETRENLOEFEHY V) ¥ — 2T, K
SEZENHEENISkm/sIC b K520, 7B MTIX VLW E b En5. 22T, ME
RS LD RBELPORKEEOTT ny = VEFT L8O 7Y Z— 291 7%/ (SRC) 7342
RINTWDEY., =7 B vz /W K> THEREZ FIF CTEKNC L > THRNICEHEIEDHZ LT
IMBRDIKB A ERTE D, BRI T oY 2 /WX VRIS EHEEAZITZ 5720, FL 7
TATIINRNT L 2a— L ATOBEBAMNMUESN TS, FO720, ERFOSEEIZBWTZLE S
FINCZELTRITT D Z RO LN TS, FlA T VDN RZEEEZALNITHZ LI
koT, BFEHY L TINIE— I v g L OREEKIIRON FICHEL5TE 5.

RATH DA T B-NNER N2 THIETRENEEL, BEEI NS DL HDH. ZOBRITZE
N ARBEEMEIN, BTN BNEBAER T 52k > TR ENBEESEHLZENTEXT, THINBH
NTHSIZE T T 5280, BBENDZRBATEHL CLEIZLENEZOND. T2, T a— embillE
BRI CEARWIELIBEEL THEITOND. UL EDZLND, 22 /R E B O ORI L 22 F1 M D% E
fERRD I TND.

28 NARZEOREIL, FrREREBIMZEMEIC TN 2. FFLZEMHEIIN 7 '3 ik LTk
RICBITDRENTHD. FD T2 OFZ ENVEITEED Lo THMESN TEY, v v B 4.0 LA
TIZBWTEHICRZE THLIENREIN TV, BINZEMITD 7Rz LIRS T84
TOREEMETHY, FHIIZEE TH THEIIZZE THHEIXRS/2 . EiES YT ISAS B EJH %
FIALT, EFEIICBWTHR D 72V O8I L EMEEZFMEL7-. 2O T, EBEE— AN ER O
PRNE & B S AL D20, — ki~ y 8 1.3 (2B T _RCTOEBR—ATIIy M A7VIEE)
MU DT ERHERIINT-. HERDITRoBSH A T BIT DB AR L E BRI B0 T V¢l
T 7 NAS DK RO BN KBRS TS, FD 7 VIR Ll U T E A 2SRk Z L

800 mm “ 400 mm

K1 : F NN E— BT () Ll snSh 7EL (F)
TWBD, BIRD G52 D BIX R DT ENEZLIND. LIeh-> T, Hilllh 7 2L OREERIZ-OUWT
BAONZTAHIENRDHIL TS,

AR L ERRICx T 57 7 a—F LU TR ¥, i & # 41 (CFD, Computational Fluid
Dynamics)®, 77 B D3ZRFHND. IR CIIEyF HEIC 1 i E BEZ RO 7 LR
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% T, RO B ECIER, A OFHIR RS T0D. Lol EEIO B B Ol -0 3
FR ORI L > TR H AT R 2 H T2 813 TE AW, IT4ED CFD Tk EE o
HLERARAT 12 &> C H R TER B 2 AT LR 9~ D 2 LN A IS 72 > C& T2, ULy, BRHER TR
ENTEEZ EMERICHEIR TETWDHEO0, EEEORKRZEAROD L7258 65¢ L 728 B8 C o b | X IR
THY, FHHEIANDOKRESLIETHD. 77 A MBI BR M 1SR 2 LB S S R TH D3,
HHERITSEDZETERITRFOBREHILTXS. 779/ MRBRICEIVELNDLTRITT — & & B R B,
CFD ZAEMHICIE T 2281285 T, BHARLEBRR~DOH REROHIENTES.

FHEIEHROBRBIZBITL7 7 MNARIL, ERITREOFICHMA 10T AT LD O R
PHEETHD. UL, EMEICE AP RN Z 0N D720 ERESNIROND. I LKERERRITEHIn
TR RKKRERZ T 2B R TR AN CEIE T HIENFAIHETHY, MBI E i CEIUXH B
TATERBE CO/RT AL AFT 4L TND.

DL EXOARRFZE Tlaa 258Kk E - B AR TR 2 m R IS L, (R B T %= ay =
NI T L DB EMEZ T T 522 HREL TWD. 20X micky, TLAKEKE TICLs5H
FI 747325 RERA(RERA: Rubber balloon Experiment for Reentry capsule with thin Aeroshell)z 2022 475>
DL THEML TV 5. RERA @ 1 54 TH5 RERA-1 135 25 km 25D H R TH O LREATF — 2%
UG 952N C&iz. HERIZ BT 2B R L EBLGIIH LT, BIRDOEME — A MOE L LE D
B2 BB A2 A7, REBRTIEZ RERA 722D 2, 3 B4 1T RERA-2, RERA-3 #1ER%L
7. FT2, BTV TR OE &2 57D 0B E o AL, RO K BB OHEELR R
3. AERLI= A 78 % B MFRATRUBR A KRB 28 1 J2BRI510C 2023 4 7 A 8, 9 HIZHEREHE
MEL7-. ARG CIEES 2 BECHEBROBE, # 3 ETHARBROME, 5 4 ETTIANT —XOMHTHRERIC
DUWTIRRS. 5 5 B(Z{X RERA-2, RERA-3 DFER T TV 74— LT OWTREHL, 5 6 HICH 5250
7

2. [ EREE RERA D E
2.1. BEENT
B HFRATIRF O BREE & & /KIEL AT OB 2 BB AT IC K 0 B L7, RRERERZEE L7t
Nz, KKEHEEANERE L2325 2 & T, RITEREOMEM: 2 5l 5. Efgir o
SMEENCE LD D, HEAECITIADOE BEm, BEHEES, PR CZzH VT TN LS
EFRIND.

AR TILRERFETR D B HFRATIRHC D 72 VA iERER 32 2 & 2488 L, HOERBUCITE 2 R
TWB. Fz, FUMRBITEE I GFET —E L Lz, EBREIMFICEL Y 1 72 VO &3/ .0kg,
WAR2.0 kgk U7z, FPREITEARMICI0E L, B 7 AnERER L7-854A12068 Lz, L
Mo T, HIEREITR/N2.0kg/m?, FK6.6kg/m? & 72 5. FEAMEOBLEMITIZIT B I IX1S
km/s, FIHIEEEI3200 km, FREATREEE A 1E-11 deglZf%E L7z,

X2, KBIZHLEMATICE WV ERG L EHE L mED T a7 7 A, v~ v BE LA I VRO T a
T ANEENEIURT. [ERERAZE L7 HuEfR22.0 - 6.6 kg/m*OFIFHIZIBNT, FHAKEEOHE
FEIZ10 m/sEA R & BAED HivDd. 25 kma 6O B HFATICE W T 7B ARNKREBRT 5~ v " BuTHEK
TO2RRETH D72, BT HIRIKDEMIENRIT o IAR. 2, K[EKFERIZB T D114 /L
AEIITFEAREO LA ) VA EFR LA —F—Thb I b, REBRITIFTEAR & REEORIT
REZHBCEDL. 2L, BEPRETHLHT-OMEMEET— A MNIFEALT 7L LD /&<,
A UNY 3t ) | VAN
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1 WOBREHT O 5
AT % 52 RERA-2, RERA-3 (Balloon experiment) ‘ SRC (Reference model)
VI hNUT Tacode v1.127
KEET IV NRLMSISE-00 Atmosphere Model
(Q015/1/1HF 8, FESE45 deghR LSS degti i T — %)
IR, km/s 0 15
MW, km 25 200
FIHIREEE « BREE, deg (42.34, 144.08) (0, 0)
RATHREE A, deg 0 -11
HAE Em, kg 1-2 10.0
BEIRIERE, m 0.8 0.8
BB S, m? 0.50 0.50
PUREC, 0.6-1.0 1.0
BIELRERCy, kg/m’ 20-6.6 19.9
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X2 : RERATEIR I 7B L DO E & mEORBE X3 : RERATEIR 7o~ vl LA )V 2D %

22. 754 NEBLE A TELEERE

RERFEBRRERACIL, =7 0 v = V2 F T HHEUKRKREAND 7Tzt LT HBERITRE O LS
TR RS LT 2 L2 HE LTWD. K4 R ZE 1 BRI TiER & B A FEER
—J 2 AT, £, WMERKERKSIORT. £, HEICTEEESROBREZ LD EF7-0biC
WEF v 72179, TD%, K5O L HICTHKT Y RT DO FEICHE SN, dLAREKICHERESND.
BTN EEIZIEE v A= BHENTRBY, BT -T2l 52 Lk o TH T RVITZHE
HRITZ B9 5. 2+ o B BRITHIM 2% T, 172 BICE KT 5. REBRICTEKL
7= Hh 7R AOEIIIITDR. ZOFEBRS — 7 o A 320224E 12 FEi SH7-RERA-1YE A TH 5.
B WA CORBRICE VIEEE— A FOMKETBMIEZZTICHET D2 EICL > THRIKES DR
HIREIIZELRNL OO, REERTH IRESKET D) BHANRIN TS, D72, RERA2L
RERA-3 CIIFEAR OB EREDSMKEEIRIC B 1T 5 B HRITROBM AR L ERRIC G 2B HETH ¢ %
HEJE LTS, T AKRERICHRYE 65 EEFIROH CHIARO B LESCEME— A R &8 L7-. RERA-
2, RERA-3DFEAREERS K OVENFHASR O EZR22ZE L DD, MEEEOFURIZT=T v v /Ui
D& Lz, BEE VA XAOFEITERIE CTH S, HREAITER0.8m, HEREI0kgDHEME — b
=V REATDHH B TH DA, RERA-2, RERA-3IZER08m, MEEK2kgTH Y, WNEOHE
HHERR AR BT RIWATF o — LB TH D, D72, RERA-2, RERA-3DEMT— X o A3 FEZE
AL TR e - TRBY, HlhEY, BEEEEY & LERAKL Y IfT/NSWETHS. ZUTI A
KERERICRINDIEEHIRIZELDHDOTH .
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RERA-2, RERA-3D I 7B /LB & X6, KTIZENZEIURT. 7 LT EOduza s L, iz
zififie LTV 5. 7J7°—kzwi%¥@x%m~w§<®ﬁﬁﬁ7 L7 & A i P R, j’ootmm%@%%t#ﬂ%
THERIN TS, SR MBS S, BERT T F L2600 A T NI HEH
LTW5. %F%7/7%17v7mwmm CHDHWEITHEM L L DIIEATF 1 — L OER TE-
TWD. B AT IL6Hh A SR L CT45 degD A E THULY 117 B, L*T@Tﬁﬁ%wﬁmmﬂfw
ZHTEORIWAT o — /L CREAZHED TN D, FEOEEIZITHEAFIKE-60 (2= (BF) %
Wiz, F727 VT EETEIIRE A FHRLE 255 (7 U 7 ERRISE DOTE A AT 1S & O JE PHIZ90E & <E
(Z4%), 7 VLT EHmEOENZFHT 2 72D i M RIS ESFHE P UERIT 6 TnD. KESD
FHlRIC ) arFa—TORBREREL, b —FOMEETE IR L. EARDY
JarFa—7iE~=Ah—/L N Lo Tkt £FSSCDANNOISPAABS (Honeywell (#£)) 35 X OS5
DZJEFHHSCDRRNOOINDAAS (Honeywell (#£)) ([CEA Sz, ZEEFO S 5 —FHOFHHIFR— M
ITIEA R LS OFSE AT O T RH RICB R 2 Ff o> U a v Fa— 7 BN SNz, Zhic X v iE
HEEDOEENIETE S, KNP OEEFHOFURIT T LT EORNGE LTW5, B HEE I OFHLS
IKIEA A, JEAFHAEQB X 0@ 72371 & Rk LIChLEd 5. 7u7%§ﬁﬁ®ﬁﬁ§ﬂﬁumi
H£2200 mmD A JE EI1Z90 deghB &2, vV arFa—T7 N7 LT IZEEIZ/RD X OF%E Lz, i
LT LT DR T AIT60deg ThH 5. FEiEE) OFHLAITTF E HEICEEIC /R D X D% E L7z, RERA-
1T 7Tz RIBIR T D72, xl)E 0 & ydfillfE 0 OEMEE—A  MIFELWERE LT
23, RERA-2, RERA-3TIZZDIREZPEL TRl L7z, Bl - BT — X 2 MIRWATF o —/LERIC
DV TIE, 3YkﬁCADO)Inventor (Autodeskfh) 1T K-> TEH L, HBEMEERICOWTITER L. A
AFa—)VOBEET7 LT, YEHESENENOE R (ERE) 2% (CADfE) TR LZE%
AL, BESHITIENEAL—E L. DB LDENRE—A » FABIIARALEBRRICE 2 5%
2319 % 72%, RERA-2E RERA-3TIZRERA-1IZ%K L T10%IE 1B — A > M &2BNE B/,
RERA-2 TITE L2320 mmiZ 71272 D KX OBEIRZAERL LT, Z£D7-®, RERA-1&RERA-3ITHATH
E M FEEOE 2340 mm#EIN L T\ 5.

KV RV CHBRITRERZ BT 5720, ARFEBRTIXT ARERDHEEICEIE TR e fm &
ETH D EEE2S km b & H 7 VEET LIZ(RERA-BIZE 16 km)s H % ). Bl OHUEMRHT O 5E,
ZOBEENSDOEYEELIZE > T v /0200 FOMGEHEKICI W THEAREFRRZREDO LA /LK
BOFRITHRMIZREBRTE D Z LR INT-.

<Experimental sequence > 2000g | Balloon
@ Turn on the power
(@ Check the system operation ‘

(3 Balloon launch
(@ Ascent to the stratosphere
(® Cut the rope on command

S =)
® Free Flight — Parachute @
\,\.“ £
@ Landing in the sea R [ HK gondola

///>///// 5 %Cuner

O i Capsule

X4 : FEBrs —r A

5
(9]
=%
A
5
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2 : RERAD 72V &

RERA-1 (2022) RERA-2 RERA-3
B, kg 1.56 1.98 1.94
H# A X, mm 9800%235 9800%275 9800x235
ME AT 71— (40f5H70)

HOLE (x,y,2), mm

98tz > Y DALE (x,y,z), mm
JEFHSOQDOALE (x,y,z), mm
JEDEHREQ@OALE (x,y,z), mm
JETIEHRS@DALE (x,y,z), mm
JEDFHRE@DOALE (x,y,z), mm
W ESFHA R ONLE (x,y,2), mm

(0.9, 1.1, 128.3)
(6.9, 7.7, 140.0)

(1.5,-0.9, 147.8)
(-6.9, 4.0, 192.8)
(-197.4, -32.0, 84.5)
(-32.0, 197.4, 84.5)
(197.4, 32.0, 84.5)
(32.0, -197.4, 84.5)
(-16.8, 103.6, 233.8)

(1.4,-1.9, 121.4)
(-6.9, 4.0, 152.8)
(-184.9, -76.2, 84.5)
(-76.2, 184.9, 84.5)
(184.9, 76.2, 84.5)
(76.2, -184.9, 84.5)
(97.1, 40.0, 193.8)

XA 0 IEMEE— A > b, g mm? 1.99x10’ 2.30x10’ 2.25%10’
yllE 0T — A > b, g mm? 1.99x10’ 2.34x10’ 2.28x10’
zHlE 0 1T — A 2 b, g mm? 3.29x10’ 3.72x107 3.68x10’

(a):RERA-2

(b):RERA-3

46 : [EKFEBRT TANET IV

23. VAT AE

SR O 7 oy 7 ARSI RT. iz, KREMOBEESE 2R T. FLIZH HU-
TeCSA— RIZ/NHEEE T Z 4 FREBAICBE S NTZIHAOT La~ElTh 5. Z ZITARFERT
1 L9Hh & Bt P MTi-2 (Xsensfh) & GPSZ/EHENEO-MON  (u-bloxfh) % Btk L CHEH L 7-.
LY Y TIIIEREE, K, BEEARE L TO e OBEBEFHIT 5. B8 YO
B AR, BV OMEEZRUITTT. AHEFITREO I 7L O LIRS O &/ NE B E0E
THARE L Z2 5N TEY, e LTAREC SOV o ZREEEIIHT KX W9, &
AR T AN TEXHEEZOND. 100MKELIREETRY 7 MaEFHAI L 72 & 2 A,
IR FE1.16%107 m/s?, FAIEFE3.40x107 deg/s TH - 7-72%, AFBR CER T 2K E 1T MEE0.1
m/s’, AIEE0.1deg/sTHDH L EEXDH LN THD. iz, WEFNOZDICHOWEEE
$#ADS590 (Analog Devicestl) Z#5#k U7, FHAIEPT X M EH OMIZRRE, HE#S X OEH
ThHD. MAZT AD5S90IZ L > CTU-TeCSAR— R _EDIREE, MTi-212 X - TELEE Y S INELOIRE
RS LTV, SEIEE OBER EIEEIX-20 — 60 degCTH Y, FIAATF 1 —LZ X0 WrEL
T 5 Z & THERIEE ZRFF 95 Z £ 23 TX 5. RERA-2, RERA-3TILH72IZADS(Air data system)
ZRWTERITEBOHEE 21T 5 . ADSO 72 D IS M2 I TIE A Uikt R G 1, ADS A Al 22 7
ME, AT E L. RIS L 2B T o) E I I U-TeCSAHA — R Tk
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1 7 1 6 1 5 + 4 1 3 1 2 1 1

AA(1:5)

84.52)

TS REAEHAR

_RMERFYTF %,

I il I 13 I 3 1? q I 3 I Z I 1
(a):RERA-2
1 7 1 6 1 3 + 4 1 3 1 2 1 1
AA(1:5)
235
1933
200

EAERRS

i

(b):RERA-3
[47 : RERAG 7 & /L
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HHEZITWD . BIEOALETE R OEUFIZIZGPS (Global Positioning System) ZFIf L7z, 265D 7 A
Z OpenMVCamH7R2 (OpenMV#tt) (34 >< 7 OYCHHA R X L45 deglfiF T S TR0, K7IZ
AT DA DONLE ISR E u‘:. H AT L XESS-L220 (ENTANIYAtE) ZERM L, HREFAH3180
degll L CTH D72, HHRFATRHICITEEMAFORZR L 228 AR EROFTHE VAT THD L& X
bID. I AZIXEBRITH jﬁl‘?ﬁ’%fﬂfiw'ﬁ‘é ZEERHEMELTEY, HEBICE 5T KEOE &
REE VI Lo TR OISR T — 2 N ORIKDRAL RN T 52 LN TE L. HEHE T —
ZEET T TIXIAXARZERFZEBRG ) it S - b o 2 A Lﬂ\é M V3R B ORI BR

BTN COEERHERINTVWAIB70 (Greatbatchft) ZfEH L7-. & i32|§i<i’§§lj IEELELO
2B CRLA A CTEA L7z,
FEH R D 2R % KT /RT . SIZIRERA-2% 7R LT 52, RERA-3IC DWW T b AEALIL[FAR

T& 5. RERA-2, RERA-3: 4 Ja%ﬂ%%%%%ﬁ ITERKEZRZISOmm (WA T7E2EFT), &3152 mmT
bV, HEITNI3IkgTHD. GPST VT T OEFIZHDLT VIR EEMA v 7 AN AT 71—
NELOEHE EE & FNFNHEE S 5. RERA2 DO HE RS IZRERA-3Z L~ T40mmTs @il 3% &
Ehs. kD EMIERZFTICTS L.

Pressure gauge Temperature
6 transducer —> signal
Honeywell X3 —> power
SSCDANNO15PAABS X1 Analog Devices > RF
HSCDRRNOOINDAAS X5 AD590
input : 5.0V input : 5.0V
cFoT-T-T T STt T 1 A A
1 Non-flight items 1 v
1 1
! ! U-TeCS
1 1
. . Base board < Camera x2
1 1 input : 6.5 ~ 32V o
> . — penMV
| PC < . output : 3.3, 5.0, 12V > openmy cam H7 R2
1 1 input : 5V
1 1
! ! - == - - =-="
! ! ySensor board; | Boards with | '
! ! | Vo GPS | < GPS receiver
1 External . ! | Xsens o1 u- | | Antenna
| l | switch |, MTi-2 . uNZlc?):A’gr:C' X -
ower su input : 2.8 ~ 3.6V -
1 P PPl 1 1 ey 1 | input:2.7~3.6V | Tallysman
1 1 S T G TW1421
1 1
1 1 4 Digital signal (big)
. . vy
1 1
: : FM data
. Antenna for data
1 1 Battery x6 transmitter > o
Greatbatch, Ltd transmission
1 1  Lid. MODEL 7748DC
} 1 3870, 352P input : +6.5V
3.9V x 3 (no load)
e e e e e e e e e e e - - J

X8 : kD7 Y 7Y

%309 HilR B Y MTi-2 DR

Gyroscope Accelerometer
Standard full range 2000 deg/s 16 g
In-run bias stability 6 deg/h 40 pg
Bandwidth 230 Hz 230 Hz
Noise density 0.003 deg/s/\VHz 70 ug/NHz
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4 o FHHIE & ) E SRR
Frequency
DR, m/s? 100 Hz
T rad/s 100 Hz
s, G 100 Hz
I A —H=F 10 Hz
HK7—% (B, E7), &M, &Eit) | 10 Hz
7] 10 Hz
GPST—# 10 Hz
HH 0.1 Hz

Vs

9 : $5HHESED 2 (KX (RERA-2)

3. ERITABR - A

3.1. FRRABROBME

RERA DA FF DL M2 Gl 5720, RSIORTHATHRER L i L7-. (KR - REREERABR
TIXRERA-1DFRATEREE 2 A8E U TIEIRFEN DIREE 2 HIR2> H3571Z E0T THAIL, -60 degCDIE
REEREO S & CIURFMREF L, SEHESEN EFICEET 2 L 2R L. BERAIZEREZ LD
BT T OBERE KT D E TOMR R+~ — 2 L2 240 E LZBRICER SN2 BIMAEND, &
MOFFARIELE O TERMAINE-35 degCTH 5. 1Kf[EE OEEFEZR IR X3 K 20 degC, TR X
BELZE-10degCThH -7z, EERKUIMKIRTITIH 2035 E TH L 72 OXHROIEI /NS <, RATHO
RERTIIRECNEEZONDS. LLEDOEDSRERA-IORIT R OIREERE & il LT H IS
FATHOMKIRERE P CEFICEET LI EEZOND. £, )1 kPaD FIRIKERE FickT 53
BRbEML, VAT AOBEEAHE LZ, £72, KR (-60 degC) EEREER X OVFIEAKE (1 kPa)
BREICBWTREATF o — B3 b LW Z & 2R L. BERaNCH ECTh 7L 2R LT
HARRE, 7O EREE, B 7O B HARITRHI D D AMZAEE L-MEHR 2 Ei L=, A
FHIZFNZFEN4A5N, 163Pa, 70.0Pat L7-. 7ok, Hi AR O ARTIT I LK ERDMTE /10 S &
BEELSIWEMETHY, 1 7o LR/ TEFFIERT2ET LA/ THREEZE L TE LN
FEETHD. ZOFTROKRIWRENMZ N5/ ERHERF©H 5. MEFHEIZII3D
CADY 7 F A HWTHRERIEICLVEH L. TOKE, T XTOr—2TLERI0LL L2 iR
TET7-. BRI TR CIIGPSTY v 7 T LB GEHT v T T OTFWT = v 7 D72, EEHNAOND
IREECGPSDOZAIE A Mes® L=, F7-PIas & RKEREBRGOMIE L O T¥4E, KKEKERG)HHEE
SRl Y MZ X VA L. AT, KEMZEFHEIERGICTa~ > NEERBRZ 556 L7-.
WTHORBRIZBNTH /A AL-UE/hTH Y, I v va VIEITICHBER N Z E R INT-.
HIWAT B — L OEWEEWED 7=, Hi ETORERFHERH g O RAET I L v EH
BN ORENESIRIZR D Z ENERINT-. 220, FiEERERBRLE LT, —F=2 L —F—%ff
A LEEMABFNEICER L THEITT 2 2 & T, B0 8EEE O LIRME (60 degC) X Y KWVE
JECYYHRRAEBICET D Z L 2R LT-. EEROMERR TR KA TH I ETOH 7R
FFRFD4AS NIZX L C, ZaFI10LL LRI Tz,
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H}}

%5 FRTRGED —&

R4 REBRNE

IR - B BT AR IR (-60 degC) #IEH L OVEEME (1kPa) EREEICKBWVT, 1
IRF A B 14 | FE s aR 3 B IS BNE T 5 2 & 2 iR

B EE AT FERTFFERE & B ERATE TRIBA T o — A S v 2
b .

AR TP RER BREETHIC LD ) A R~ LR 2N T L 2 ffeas.

HIRBRBE AR R EERBE C OB MR SIS ET D Z & 2R

PRSI L SR BEAE R DIREE % TR

4. 7 7 A MEROENT
4.1. 7714 NER

FEIRKE NS 72V ORITRBRE B L LT, 2023457 A 8 H A HiISKF3147ICRERA-22Y, F9H
FHISKE3 143 IZRERA-32N KA ZE 521 RS L 0 ek X472, RERA-2ITHER 1BER 13014 (2 B FE25.7
mLRHmaiM%m IS8 kmIZ TRER L IV B S VA IRIT 2 BHAG L7=. RERA-3IZBIL

TIFREK EAPICEMETEOLHMBRIER TR AN, TORETUVEELAZE B L. D7
&mmmz&%@bfﬁmfmg@ﬁmﬁﬁ&ﬁn{mwwﬂﬂw$&i<®7 X EBfGTET.
728, RERABDOETE FIZOWTEIFEZROREICL Y, BHAINETE T L THFDOFTOR
BELNWRhol=2D, 774 MPICEJRE }—Z’MEETL FHZ2 774 hT—XIWENTE 2o Tz
LEZOND.

RERA-2, RERA-3DGPST — &% ORFREIE 2 X110, KI1ZZNEIrd. MEEDOKE IR0 5
BRI Z I BEL 2 A S 7 L L, TORZZ08 Lz, £7=, U1V B UE AT ORI TEREE 2 £61TR
T, HEE S 79 ot D JHEAEE %\\il4uTﬂ“7J7~lz11/r“ EREFMUFmMEMETHY, ZTH
DR N EWMITT D, ZD1=8, 17/ EKECEE L5 8 &5 I E 13257 1712+9.8 m/s?
ThD. RO E TR, BB, & %Héﬁf%é FERE T3 dbm & 2 1E, R
mﬁ%m,%fﬁﬁiTM%E&Lt RHEGEE OB L, JBET —ZNCEP YD 7 7 A b+ HFHi
THREDO R BRI DR E 2 H L7-.

w
S

T
e Acsent

« Ascent
« Free flight

« Free flight

N
o
T

N
S
I

Altitude, km
T

5
4
T

Latitude, deg
-
&

10

42.3

| 1 |
—4000 -3000 —2000 —1000 0 1000

|
1437 143.9 1441 1443 1445

Longitude, deg Time, s
(a): AREREHE (b): &

[X/10 : RERA-2D#fiik
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T
e Acsent
= Free flight

Latitude, deg

143.7 143.9 1.

(a): FEPERR

69

* Ascent
+ Free flight

20—

Altitude, km
T

10

Separation

|
—2000 —1500

44.1
Longitude, deg

1
—1000

Time, s

(b): F

%11 : RERA-3DHLER

%6 : U1V EE LIERTO A 7LDk EE

BRI

RERA-1 (2022) RERA-2

RERA-3

IEE (x,y,2), m/s?
AL (x,y,z), deg/s
KL (lati, long, alt), m/s
RPZGHEE (lati, long, alt), m/s
FEEE - FREE, deg

&, km

(-0.40, 0.90, -10.54) | (0.42,0.23,-10.69)
(16.0, 0.6, 61.3) (9.7, -2.9, 85.9)
(3.5,-17.5,-6.4) (-11.3,-1.5, -4.8)

(5.6, 1.8, -6.4) (-2.0,-3.3, -4.8)
(42.30, 144.07) (42.52, 144.14)
25.62 25.67

(0.56, -0.69, -10.22)
(-7.4,4.6,33.8)
(16.4,-7.2,-4.3)
(-2.4,-10.1, -4.3)
(42.57, 144.00)

16.00

4.2. RITEREE

SEREBRICIVEE LD B LORITEREICHOWT, MELEED a7 v A LEKI122, <
NEEVA VB DTa T 7 A NVERKIBIRT. GPSH D EUS U 7= # B 5 OB IEHT —
X Wy U O R E 2 E L, K87 —ZNCEP'Y)9 5 7 74 b BRI OEE Z L K
HE A BIEAIR T 5 2 & CHREE, v~ v B, LA AV ERE R Lz, KR2n, migeE I2HL
EMNTRE R EFARRHEE CHBERIT L2 ERb0D. A7 B/ FE 7 VT a2 B NIZmT 7%
BCLE L THRIT L5 A O EREII U552 1 & L7254, RERA-27T3.93 kg/m’, RERA-3T
3.86kgm’ ThHo7-. K3B L OX1375, RERA-2D HHRITREDO~ v - L LA NV ZEITFHZEA

BRI 56D LRBETH Y,

A BRATRBRIC & > TRKEARIE LRI TR 2 3T

® REAR-2
e RERA-3

LB LAONAS.
30 600000
el e s e <0000l
20— =400000*
6 oy c
T & 300000
] s
E] £
<0 + Ezuoooof . [ |
5 i 100000~ | ‘
: o REAR-2
0 Y {2 |- | unr'-~----'r" 1 |
10 20 30 40 50 .000 0.025 0.050 0.075
Velocity, m/s
412 : B HFRATIFOD 6t SUH B & 5
4.3, EBER L ZEM

0.100

0.125 0.150 0175 0.2

Mach number

X113 : H HRITREO~ o Bl A V%)

RERA-2, RERA-3ODNNEE, ME, MRORRERAZX 14, K15, H16127~71. o200
HFEANGVEES N, HHRITZHEG LS THD. B HERITT OzI7 0 ONEE O ZELHM )N
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THDHZ EMD, ML BICEBIREH L TV OOMENEIRS L 5 2 K& R2EII L Ty
ZEN0D. zFMOAKEDBREIZIE, YEELERZRICERERL TWA TR ROND. BBERIT
%ﬁE%@D~WE%®m%ﬁ%immAh@§mm”"wf%ﬁMénfwéﬁiﬁ%Kowf
Bz DTS <, BIERHERHE L T\ enZ EEZ/R LTV 5.

K7 A R OU 0 B LR EZOAEE DB EZ /RT. FIREOSE YV X 7-RERA-1 &
RERA-2%Z i3 % L, RERA2D FNE v F, I —EEIOERN KXV, RERA2OE LD LV %5
IMEL WD EEZHNS. RERA-1E X TRERA2IZFE UAEICEBIT DT — A RS
INE N2, %@®Wﬂ%%ﬂ¢é<%%WﬁkTék%ZEhé.mmA3i@U%meﬁﬁm
7O RGBENE L, IREIDIH S N7-ER, L0/ SWVIRIEE 2> TVWDIDEMEERTE S, £-,
3L HYI Y BELIEEZ DD EBREOREN R OND.

15.0

Acceleration, m/s?
Acceleration, m/s?

—p e o T

et M.J*.-whq e

L | 1 1
-2000 -1500 -1000 =500 0

Time, s
(b):RERA-3
FE DIEE
150 TT
|
!N
f
o o
o o
: : M I i) l
_g g i lu Ul ‘
° ° A
4 : l' i ‘
& & il 3
F 3 g
2 2 ‘
< ' - : - < HA R
100l * X (Pitch) 4 S [ . 1 - _100H * X (Pitch) . E_.‘ |
o Y(¥aw) i : : ' . Y (Yaw) | [ eb
+ Z(Roll) B + Z(Roll) i ;!i
-150 -a:mu 3 oo —nlmo -1gmu clv mluu -150 -2600 —1lsnu —ul)m) -;uu — 0
Time, s Time, s
(a):RERA-2 (b):RERA-3

XI15 : A g RE

Magnet field, G
Magnet field, G

1 i [ = ) | = L =% | | ] I
—4000 =3000 ~2000 ~1000 0 1000 : —2000 ~1500 ~1000 =500 0

Time, s Time, s
(a):RERA-2 (b):RERA-3

X116 : W5 OIEIE
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RAERBFFE A

Angular velocity, deg/s

e X (Pitch)
e Y (Yaw)
» Z(Roll)

-150

71

Angular velocity, deg/s

i '

B
ool e X (pitch)
o Y(Yaw)
= Z(Roll)

|

[

80 100 120 - 0 20

Angular velocity, deg/s

100l @ X (Pitch)
o Y(Yaw)
+ Z(Roll)

-150

4.4. [E 71 BRE

1
80 100 120

X117 : YIVBEEL E % O3 O JE R

(b): RERA-2

RERA-2, RERA-3 Huf3 L 7oAkt E A X 18 (2R3, MiIFAERE & LTl R E (pgeg) & 15 T 15
WIS DIE Py —recs) Z 2 LT-. K%T —# NCEP 2 X 0 iGN 7=FRITH0E EoEN ST 5.
PHEIBICB W T NCEP IZX 5 PHIE L ITVMEAZ IS TETCWAZ EnbN5. 72K 4 1R THES

FHILA D2 5@ & W HEEFHIR TR ONIE ) LI E & OEEXK 19 [TRT

ZZT, [ ESN

FHHLEO@B) @) DVEI ST B EE & TN EP,, P2 P3r Par 15 HE FTFHA S DTE I ST 5
T Dreqr £ T 5. BHFRITHOZERIZENEN —EDEZ TR L TEY, py, Do, s, P4lLB L Z-10Pa,
Drear /LB L Z-60Pa THoT2. p1, 02,03, Pa PIEIZ KR ERZER N o722 D, BERITHOE
FEECHIA - BBV AT 0 deg FRES o722 EX HND.
RERA-2, RERA-3 CIIMA RS EZHHT MO FELE L TAEREORDIC L B FiEL, iR EB X
O SN KGO ENOENT D FERS L. AEETY 7Y 7 L— b 100Hz THAEL T
WA, 1-2Hz BREDOHKRDIEE 2+ I T 5 3E 205, — 5T, KEGRE &bz
FEOHRICI2BENSEHETHIMENRS S, TR L ADS XA FEEFY 7TV 7 L—1 10
Hz THH DD, BRIHMEDHTREAEAZRDD Z ENTEXIHENHDH. D7 ADS 12 L 5K
FEEZMBIIGER T2 2 LT, ARERSOMEEZMETDZENTES.
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1.

JAXA-RR-23-003

Il
—1000 —500 0
Time, s

(b):RERA-3

|
—1500

120000
s P.stg s P_stg
« P_UTeCS « P_UTeCS
1000008 o NCEP data o . / 100000N 4  NCEP data
80000 80000~
] ]
o o
£ cooool- £ ool
o a
g 8
o I
40000~ 40000
20000~ 20000
oL | | 1 | o |
=000 =3000 ~2000 ~1000 0 1000 —2000
Time, s
(2):RERA-2
Y . 7 L
18 : #EXIEDJEHE
100 100
75 751
50—
IS4 &
£ £
3 3
3 0
w n
o I3
2 2
[ [
-100—=] ! L L L -100
-4000 ~3000 ~2000 ~1000 0 1000 ~2000
Time, s
(a):RERA-2

X119 : ZE0ERE

4.5. IR FE B

|
-1000 =500 0
Time, s

(b):RERA-3

1
-1500

WA 2SR U 72 IR B 2 [X2012 "7, AR T — ¥ NCEPIZ L 5 THIE L O0F52 9 5. NCEPIZ L %
L HLE ETOIREIZ-60degC% FEI> TV DA, F{a A F 11— /LD @& WWrEWE D 72 60 75 i [ 17 O NS
I 1330 degCLA 150 degCUL FTLE L TWD. 7 T4 b OFEEIE SRR 13 IE F ENEIRE O&PHN

TholcZ &Dbhrb.

60

e MTi

Temperature, degC

_aol ® UTecCs
« Transmitter
* Outside
-s0 cell
e NCEP data
1 | 1 1
—4(‘]0(] —3(‘!00 —2000 -1000 0 1000
Time, s
(a):RERA-2

Temperature, degC

| o UTecs

e MTi

« Transmitter

» Outside
Cell

e NCEP data

T
—2000

X120 : {EEDERE

4.6. 7 A T HEE

1
-1000
Time, s

(b):RERA-3

|
—1500

RERA-2IZHEH L7220 A T 3 R LT B 2 B2 1R T, K215 ER» 680 B S vz i
BOEBETHY, PRICABD T LARENE->TND. £-EFICKEARINA TS, K21(b)D
B PRI KRB b TR Y, BBRNOKGOME & Bt R LT — % 2 0F
MT 52 L THRIROERBZFEHT A ENTES. K21 d)IFER L TRESNT-EBRTHD. &
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EHEBIXI0TH L2, HENOKGOMEOEIFHNTH D, DFEV, I 7B VORBOEE)N
KETHoT-Z LR END. AEEE Y RESE LT — 2 0 bk v — LiEENZ DT T
HAHZLENHRENTEY, ZOFRELEFE LR, Y SN KBOAE & il D 1k % fH 2
B THAROH TR ZRH T2 Z LN TE 5720, B8 U PRADSH B SN - MR RS L
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Overview and Quick Report of Free Flight Test of Hayabusa-Type Larger Sample Return
Capsule using Scientific Balloon in Australia

YAMADA Kazuhiko™!, ONO Ryosuke?, YAGI Yuma"', NAKAO Tatsuro %, TAKAYANAGI Hiroki 2,
SUGIMOTO Ryo!, KUBOTA Sota™, MARU Yusuke "', OZAWA Takashi %, NAGATA Yasunori ', IMAI Shun",
NAGAI Hiroki*, MORI Hideyuki'

ABSTRACT

The Sample Return (SR) mission from small celestial body, which was realized as Japan lead “Hayabusa™ mission for the first
time in world, already becomes an important method in the planetary exploration. One of the important technologies to support
SR missions is Sample Return Capsule (SRC). In a final phase of the SR mission, the SRC with stored celestial samples has to
reenter into Earth’s atmosphere with ultra-high speed and has to transport samples to the recovery team safely. The maturity
and evolution of the SRC technology is indispensable to complete the SR mission and to realize future advanced SR missions.
Now, several huge SR missions are planned and progressed, and these missions require a larger SRC. Therefore, in this study,
a larger Hayabusa-type experimental SRC, which has a diameter of 60cm and a mass of 45kg was developed and a free flight
test of this experimental SRC was carried out using a scientific balloon in Australia at May, 2023. In this test, the experimental
SRC flied without severe divergence of the attitude motion from a transonic region to a subsonic region and deployed a
subsonic parachute successfully. A lot of valuable flight data, including the descent trajectory, the attitude motion and the
parachute behavior in deployment, were acquired and these data is useful for the development of larger SRCs in future.

Keywords: Hayabusa-Type Sample Return Capsule, Dynamic stability, Parachute, Balloon experiment
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Basic experiment toward a precise validation of the General Relativity
by laser frequency comparation (I)

KOKUBUN Motohide™, WADA Atsushi?, OHTA Masayuki >, MORI Hideyuki

ABSTRACT

Ultra-high stability frequency reference technologies including the optical lattice clock have been rapidly developed in the recent decades,
and al8-digit accuracy has been already achieved on the ground. If frequency comparison experiments at balloon altitudes can be realized
in combination with a precise frequency transfer technology, there is a possibility that the validation accuracy of the General Relativity is
significantly improved. In order to realize an optical link between the ground and the balloon, it is necessary to precisely determine the
position and altitude of the balloon in real time. Thus we have performed a piggyback balloon experiment with two high-precision GNSS
reciever modules. We demonstrated that it is possible to continuously achieve high-precision positioning with the PPP-RTK method, even
at the balloon altitude above 25 km.

Keywords: GNSS, PPP-RTK, Optical Frequency Transfer, General Relativity
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SAT L * FSO%— S
(Ef-IEHEE
4 FEFEHD
- ™ - SROEE/FEBHEAT)
" s3] [Emmamic . - 2—% FILAEBE
EZEL 25 L—¥—
EREZATL
a—=FIL /
ERERO GNLss [+ SROUE/FHEHEAT |

B42  —fAE e PEBRER O mRE EERRGE BRI AT 7o BRI D R 7 7 & B EBR () DAL E AT
(OTWTFEFT: Optical Two-Way Time and Frequency Transfer, FSO: Free Space Optics),
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2.2. FIfEE GNSS HIGL

BENINIIE., KEGPSHE DA% FHWTHA £ - 7219804 LI . Aikfoe AL TN A 2P II N Al 3R 28
1T, FER OO OBBEMTONTE T, FICEFE TR, SEEICILENEE > T D HHE
RESHULNOONSSE S OS2 HWD Z & T, U T Z A LI emfkd B FE 70T 2 5281
THETIZE->TWD, PN FRERENTHET D &, RESZHND0E 9 > THRINAINL & 48
KHAINE(T 4 7 7 Lo X VRO KRB & d, £/, FERMICITEFER R 2S5 DI ) Tv 2 A Ltk
WHDINE IMNTY TIH A LHINE & BBAFRRINS S i D, — AR GG O M FE FEBR & & BRI
KoTTHZ L ZBETH L, TERBREDOTZDIZIXY TVX A AENRER I, o, HiEEAER
MCHEERNPLDEEEZT LA RN « o< REIRIRBEOERIC L > TRET DHF AN BT
IFFELRNE WY BEND, FIRRIN S EB- R & 72D, — T emfk O @ EE RN S E O RERE ¢
BRI N T OO RITIFHERA SN TH D | FRICERMAHZ AW C EMAHEZRD 5
Real Time Kinematic (RTK) 5 THIVXT emPA FORERF LD, 7272 L, AN TR H
DOEEREEEIL e ENFEIE R L PR R TCRELEDL LN EEFITEE LTWATEOEMENK
XWX ERENSHLT 2HAICH D . KREEKD X 912 I0kmDBEEE A AT 5 XL 9 2 5A I I3 B
TE L 75, BN 7 2 CEkg L 72 JINLAE SR 2 15 5 121% Precise Point Positioning (PPP) 7223 &
D05, ZHAUTBIODFEE DR 2 22T TR Z 152 Z L 0 b RERFERICITAME TH DS, U b
BSEZ D & RERITHEHE L TY 72 A 2T cmbEE ORIN 2 EH4 5 H57E L LTI, 2O FE
DR AENER G, ZIEETEHL-VICEE LT, PPP-RTKIEZHAT 5 Z &R ki &5 2
Hd, AL, BENLEE SN DIMRETZHA L UREBM 2 EESOBHEZEFIE L LT
RTKEZTT 9 H DT, #lifR{5 5 & L TlE Centimeter Level Augmentation Service (CLAS) % 5,

CLAS &, 2018%F11H K v sh sz, #EKRTEME 2 A 7 L (Quasi-Zenith Satellite System; QZSS)
WZBT D2 F A —ZRRANATRY—E A TH D, QZSSH 5 4[5 XL HL6ME 5(1278.75 MHz) % H
LT, HAROHMR LFEEAEER B VT A — X RO EREE 315 55 PIN ARG W] A2 B ARAEER
L O DI RIC k(T 5, CLASTIE., H ARZEE 100 FT 0w+ FEHE L OGNSSELHI T — % & ¢,
F RN T 2R EERITH T 2 KO EFHR A2 AR L, I B bR ~XET D,
BN GIL 2 kbps (THEME SN2 IEHE LT AEERMICHER L 727 +—~ v N THIL b~ & R R T
SNENLEFEINTND, IBF, LG22 ELTT a— RT57200F v 7 A u-bloxth7e £
5ERMEIC ATFATRE & 72 . RTKIC LB 2 B FEDULPL 2 NI D~ A =2 (2323 L 72 PPP-RTK & fis D%
LB T DX 00 oToiod, A RIOEREFEER1) O EHIZ &5 7= 0 BLIEM:O & 5B A3 2 R
Ll oTo, CLASITIFEN B HGE SN TW A HEMENH N7 v v 7 {HFROMENT A —HZI|Z
Mz T, EEEBIZBITDBEIREIEEZMIET H72DDFETIVIZHWD/NT A—=2), 7U v RIRIC
KUt ofis LTEEND, BAOELZ190F v b U —ZID(NID)IZ /5 E & CklE
LTEY, HFIORFTIL, KEROTRARE OB T CNIDAYI D b b Z NI T,

2.3. B23-06 X — Ny 7 EBROPE

ARFEERIT, B23-06 & L T <415 Gamma-Ray and AntiMatter Survey (GRAMS) FErD =2 K F
ICFIIR D R (X — N 7)) e L TH#E SN, EX—ThDZ &b, EFEBRO AAERICK LT
WA B 200K D1, RS - B BRI, VX T 2 — A EfEL L ETEERE T
WLaWE ) eEstnkdonsg, 32 KT ~OEESCEY i Fik7e S22V Tk, GRAMSLIS
WZH, FIRFICHED L2 9 — 2D X — v 7 EERThH 5 IR rl A% S5 ER(MEDUSA) & &
BRHKA & & O 72T 21T 72 » THRGE LTz, KBIZRT L 91T, & L TIEGNSST v 7 FList o4
TOMRER 2 XERIEOWNEBICHM LIZIRIE L L, RIS AR OGRAMS =2 R O JE [ #R D
—A~OREE LT, T2 FI7~OBEERY 13— 7 74 Mzl 2 & TEKICHZZ1T
725 TS, KEER# DI TEIL 36 x36 x 10 cm, Wl % 2 O I R R AR O H HE1T5912.8 kg,
GNSST > 7 F + X"—=7 F 4 M- O ITRVEHEZEOIZRERITNITI2kg TH -T2, +0IC8
BOAREVWZ L, EHICIEIN—7 T4 MREBN TS Z b, B E LTIEWEHO 2 2 1
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074 —AEHAICTROZ LFET, T RTREREBIRAX A 0T +—LOHTIHR EWET S
REFELTWVWA,

GNSSZET v FHiFar RIOE LD 7 L—2»A FIT, I OW THFRRMLEIC2E v M
WL, T RT T =LAl — 7V TRBERR I R 7 X ~LERR LT=, GNSSEZIE/HE L 7
YTl ER2Ey MERT HZ LT, SURMEATAT S LFEFIC, 2607 U7 FHEOMHEMRIAIC L o
TRIRPNFER DO ERFEAZITO 2N TE D, KIEKNOHM EA~DT L A N Y EIFEZAE(57.6 kbps)
XA TR SN A0, KEBRIZOWTITRIEBRONFICEET S 2 L & L, GNSSEZ(E
1B O H ORI AR RNMEAER) & | ot L ETe v P ORET — % % F i Ei1Hz
THATHZ LT, 1.2 kbps BEDRBEHEL Lz, 7L A MVICHATERNWET — X IINE
DSDA— RIZFEE LT, ¥ R EIZICKBERESNEH N DE 7, EkkIca~vy RERET
52 EIFEERET, KEKHKHESR N D D~ RZ(5 T A I3 S0y, BIGRERIF 1T o~
VRZETEDLIIICRERBO AR Z~F#H L, I RIBEEBZIILV—T Ny 7 axs 2 EH
DRIFCa~y RZETA CE2HERLZRVIREELE LTS,

P43 (/) B23-06D = K7 A8l & RSB ER(F ) OBLE . (£5) GNSSEAE T v 7 T I (L&

2.4. AT AEE L BRE

AR DO R A 412~ , GNSSZER21 . &k L O'CPUK AR (Arduino mega,
Spresense), KEKHKHEZR & DA > ¥ 7 = — A4EE (PI-IF), F£EARE/R 2K BN HAERK I 7L, GNSS
T T T UNOETERE RN T 5, BasClEN—RAF v 7 Z A FOD-sub A X7 X %3
EPTCHY 11T, Z i, KEKHK & 05, HMEBRERFOPCHEE, B LN NED NNy T 1 —
FEE L WIS ~DOBRBEAR 7 74 Fax s AT 5, GNSST 7 TR U< N—AF > 7
DIFEISMA =1 % 7 2 28T & 91 L CHfe 3 5.

KERHIIOmmEO T VI L 525 2 & THolfEt: & EMmE L Frod 5EHE L, gk -
BRAE « & /KEFOBBALEEL 25 U CTHEEIREE 70 ENiE & 5 Z L1370, KUBR PRI E O fé
ZERTCEB LT ECHEMAL, RN COBPRRZHMERF 5 2 & T, AT 88 Clas OB ER
FEERAZBZZ2VEIICLTWD, BFaBEOBRRENTSICRENTZD, [IEKO BA- & L6124
SARDB-A0ELL FIZ T o CTHRBMICIREN LT 5 Z Lid7e < BRFHRRE ORFNRER THIUXE
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FRONTENRE & L TII0ELLITFIC &é kiﬁw&ﬁiéhéo%%ﬁﬁﬂm%k%ﬁm%s1ﬂ%
TH 125 W BETH LN, BHREmICESE ST X I M) THEBAICE S~ P L
TW5,

EIRE LT, KEAREMR2KREM TH S Ankerfl:® PowerCore 20100 Z#5# L7-, 2% H 11 T
BIRITZFNFN24AH D Z D, SO EROEEEEBREKK 0.8 ANIK L THIIIHRET
NV | WARECHER LA T CISKMREDHEHAN R TH D, BEMEOBEND, &
Ve —F A 7Tl &RARZA 7OEMEZEHA L TWARIFEZEREL TEY ., NEIZ 18650 #
A7 (EI8mm, £ 65 mm)DO&E MY F 7 AA A L BEH(H I EER3.6 V)DSOEE S ZH#5E
ENTBY., NoT VU—nbDHAEELE L TINERRIEIC L KISVTLEILEN D, iﬁm%@
AR RFERIRR &R TF L— g UEEDR N S LTV AL, Ny T U —2KE LT
AR mE LG 172 E OB FEDORGERIK 2 2 T\ D, HHTH/ Ay T %%f@ﬁmﬁ%uo
EYZ SN L. WERIRFLOMINC L 258 E 2R L2 ECFEH L7z, [UBRZRIMNT ) b FRE AT HE
&iﬂamwz*&&kﬁ%ﬁ~%%%ﬁb\mt%%wothz?&&mm%mﬁ & THER D
5DT7 T4 haxy ZOEMIELDEROn/OFf % AIHEIC L7z £ T, WERITHM 22 BB I TGNSS
ZAEHECCPURAMR 72 & ~3Bd LTz,

GNSS

FUEE
ILNAT)

=138
{SMA)Y
N=AFu

FHSMA)

BT/UART

i vl:l— 38 4k baud
(SMAY 384K baud Arduine
B - B\\,\etw,wuﬂl,V 57.6k baud mega
o —__ 1.2k baud,
GN?S GN_SS RS.FADC I SPI (500kHz)
sz || =@ | el L] 5
Spresense
UART _ | 93
¢I T -
1L 2600 baud
oo, i
e
$ L 1006z
TESA o
Sk —F mE/ AT
Trth—
PIIF
A
uss
(Typa-A) Ny Fl)—
[
i— (20Ah, 5Vx3Amax; 3ch)

|

X4 FLAESEER 1) IS O 2R

SERHKA & Di@fE<0, 5T 2 GNSSZAGHEF L O DB DT — Z WL D 72D DCPUHEMR
& LT, Arduino Mega 35 X T Spresense (SONY) # £ EiLlE T O H L7z, Arduino MegaldiV
T IVIBAE AREIRIRFICEH FTRE TH D72, GNSSZAEH2H & DBluetoothz 1 L7z U 7 /Li@fE &
KEKHKMI & DT L ARERB L Oa~ FEHOPHEE S L THY, SpresenseS V4L Lo & o —
7] % Serial Peripheral Interface(SPI)i#{5 (2 & ¥ 5217 Ht %, Spresense |% Arduino A #iD B {KHE &
CPUR— R TH Y, fLER— FEHNWD Z & TSDI— R~OFT — X G NTE 5, FIARERTIX
FEF L7270 o 7203, GNSSZEHERE DI A TV D Z & D, [FROKERFEREH L RIEX TBRAT S
ZEE L7, WILY Raspberry Pi ([T HE 7y 7 EELKLS, AT LAY
DO, KEBRTIEIA LV R—RNOTF—=ZWUHR EZIT LA ETDORNWI LG, BEHRARY Y
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Thbd, 7277 Lk 5 & 5 ICKERHKME TR 5 2~ > R32A5 8 B Ec (5210 MHz) & $#5#,CPU
D7 vy 7 #E(16 MHz, 156 MHz)3 T\ 2 & 0 B BT OB TIIOCRENRH - 72,

GNSSZERHIFA~— 7 v EOHEEEZFITEE Lo E 72> TEB Y, 7 — X {513 Bluetooth
WZIRE & D, % Z TArduino Mega |2 Bluetooth-2 U 7 /L ZEHAE ¥ = — /L & TTL/RS-232CA #4E
Va— L EUCT ORI L. GNSSZEHE) O O 1 & ik 2 CPLIFICAIT /27 L A MY & LT
EEL TS, GNSSEZIEHORE & L TIEINMEAR RO BN FRE R 42 Hz CH D L CRASHENET
DSDA— RIZFEER L TV DA, GRAMSHHIOT L A U ZEE L7an K 912, TRAIFRI1E O 51
DI, 1 HzTHI & LTW5, AT BAERBRIFICIZa~vy NIk TaToTrT—F &1L T
EEMERD TEX D L 212 LT, 72IGNSSZ I X 7= 52{5 F » 7 (u-blox ZFIP) D IRFZI K 13
GNSSHFZIRIZ%T L CTHEIZ(30 ns RMS) R L T\ D03, ) &3 2 N AR O BEZIKS FE IINMEA A >
=Y D7 =~y b, 10 msLA FOREEZ R 72020, 265 DOZEH0 H 7 % belk L CRE A
MEITOGAOREES ZORZANEICHEEIN D, IRICTY RT OEEHEEN 3 deg/s FRETL -7
A TH, 100 ms (RS T 2B RIOMERED 3mm THDHZ EnbHaia/hE < KREBRD
FRECIEER W E S 25,

A [al D e FEER () O E B AT E R EGNSSHIN. O EFETH 528, 5B OERICHIT T, T KT
[AIHRCHREN 72 & OFHA S RIREIZAT 9 728, AEE - IEE - Wt % 2 23l CHIE rTEE 729t &
VU EHBHEH L, SOICRERGHNTOREET =X LRI OHBE L, nbsixEnEhn
> U 7 W(UART)H L OY IPCilifE CSpresense (Z#H2ft LT, fedrH L7cT — % ZSDH — R ~Glgk L,
[FIRELZ SPTIE(E & FHV T Arduino Mega~i 3 HIICEFE L TCT LA MY CHE=XTEH LI LT,

2.5 IR OFEM & N— FU =7 DFEE

GNSSZERE L L Tl X AT — 3 g B DODG-Prol RWS.DC Zflifl L7z, HAfsftad FUTR
I, T DOZIEHEIT u-bloxtt#lod ZED-FOP F v 7 AEBH L CTE Y, 2EHLLL2)FERZIE 40D
GNSS##(GPS+QZSS, Galileo, GLONASS, BeiDou)? [AFF3Z 15 (2% 595, BN AEIE S & LT
Sub-meter Level Augmentation Syetem (SLAS), Space Based Augmentation System (SBAS) (21X T
CLAS (2% %t L, PPP-RTKIZ & % UM E RS EERINL N AIRETH D,

K1 GNSSEAEHEDRE T

Characteristics Specification

Size (WXDXH) 50 x 51.5x 13.1 mm
Mass 49 ¢

Current 230 mA

Operating Voltage +4.5~6.5V
Operating Temperature -20~4+65C

FEHF—Ta VEHL— MIRgKT25Hz T, SDI— REWE L CTZIET —F 2508925 2 &8
BETHHN, BT — X0 I IR OHARIC L > THIRTOEH L — F MR T 2 Hz IZHIR S
5. BANIEZ ECOMH T LK TH 208, REBR TITRBE AN L-, Bl
HINZ, FERHAINL(DGNSS) 72 & DI OPIN. T — RIZHSE L, T o T b 0E k3T, LV
KD B WA TR ATRE THIVUTHEMICOI D b5 L 912> TWb, Wi, ZEWRMN
DA LT A7 ITRNE TR HEIRIC A T v S L— R a5, T 57— 2 ORI E, &
FEOZIEE— RNREREEZNTIRGE T2 ENAETH Y, BREHZAT DL EHEFELIZE—RT
HEIMICHER T 5 X O ICHE L TOLLRIERGNTICHEHE L7z, A~— K7 4+ 78 &£ &Bluetooth
BELEHT2ZEBFHEE 2o TWD T, AROBEm FI3FEET . o TRERIEMN
BRI, SN EEE T 5 Z L IXTERY, I, GNSSEAEHE O RINALRE SR D H I m B I BR
DD, "WZEE"T— FIIRETHZ LT, ZEF v 7D ERTH D EESOkmE THIHATHE & 72
%o HIALHS BE Bluetooth Z /LT 7L Z A LT L A B~ % H 1+ 5 ICNMEAE R T
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NESD A — RIZ btk Lz, E7o, BUEOF T T A IR X - CTE O I @ FE AN R 25
DT, T —H (obs, naviER) b [RIFEFIZFoEk L7z, HINHESREICIN 2 COfiliT o X vE—v a7 nm
Ty HEAEL TWARAEIOERTIEHEHL TV,

GNSSZAF 7 > 7 I3 (L1, L2, LoO)XIedD /3> F7 7 F & L TGPSLX09USW(INPAQ) % ##i
L7c, fkGETaR2ATTT, BRHEE T 72N L TE 0| Al —7 v ECZE#EILREIN
5o EEIOMEEDOT VIR E T T R L—r LT T FE FICEBEL, 7T HiEs o
DU RT L= ZH LT ST U R L= d T RTEERHICx L CEREh T — TR Sh
52 & TRAPINLEDEN 2 VE D ICHEESND, T T TREBEATHLID, LS HEE
ROWER 2T > 7 T OIRITHR Y D THRE D 2 & T, S BB AT L7z B TR L T 5 (135,
T R T [EUZ W B & 4% LT IRER), AT IRIBIC BT 22607 7 FHUL M EERED 32
HEIX 1215 mm Th oz, BT 7T EZEREMAG DY =T OWTIDA AT TR L
TEY, ShEE#H L-b0IEZNE No2 & No3 MLz, 2 R ETO2o07 7+ D
FlEIZK6T IR LT 5,

#2 GNSSEAET v T DiET

Characteristics Specification

Band L1/L2/ESb/L6

Current 28+/-3 mA

Size (W XD XH) 65 x 65 x 27.7 mm

Mass 220 g

Operating Temperature -40 ~+85 C

Operating Voltage 2.7-55V

Peak Gain (Patch) 3.0 dBic typ (L1,L2) ;

Gain (Patch + LNA) 33+/-3 dB (L1, L2) 55 727 b0y BT ~0 Rk

i F U 7298 > B X WitMotion TS HWT905-TTL Cdb 5, B AR D B EHE AN ER I 15 M fE 1 &
MEMS/HI#E FE EH(SCA3300; muRata), MEMS S v 1 & | iyt o (RM3100; PN)Z##, L, MCUTH
N T VBB TR R OAEE R E T o T — X 2 U TAIFCTHHIT 5, EEOREF
AE—=RIZBIFD2H 7V 7 L— FOUEHEIZIOHzTH Y | RERICEBW I+ 8ETH D
TeDZFDOEEORETHEH L, it o HIXRERROFOICELE U, AR - I - B350
WG % v — B VERE R E A TICT 5 2 8 CF —#RE R LTV D,

#£3 ol L PO, Y, ZHEEEE)

Accelerometer Gyroscope Magnetometer
Range +/-6 G +/-2000 deg/s +/-800 uT
Resolution LSB: 0.75 mG LSB: 0.061 deg/s LSB: 13nT
RMS noise 1.2 mG 0.028~0.07 deg/s 15nT
Static zero drift +/-20 mG +/-0.5~1 deg/s 8 nT (repeatability)
Temperature drift +/-0.09 mG/degC +/-0.005~0.015 (deg/s)/degC 15 nT (hysteresis)
Bandwidth 5~256 Hz 5~256 Hz <146 Hz (3-axis)
Linearity 0.5% (@ +/-200uT)

91z TN A T, KERRAIT OB RGN OBEE AR T D720, IEME-S oY
FEHASKE T (BM1390GLV; ROHM) Z W THEZRNEL O KT L IREZJIE L, TR EhoMhe
L& FATIRT,
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#4 KJEE YV DOFET

Parameter Specification
Pressure Range 300~1300 hPa
Relative Pressure Accuracy +/-0.06 hPa (Typ)
RMS noise 0.032 hPa (@ 8 average)
Absolute Pressure Accuracy +/-1 hPa (Typ)
Operating Temperature Range -40 ~+85C

I/F 12C
Temperature Accuracy +/-2.0 C
Measurement Time 20ms (@ 8 average)

IS O A AT, BRI MRS E L7 REE T, BUY T AR A KU A AR (2 L
TRVEE LTz, B Er—T7 Va8 L, 74— 7% LToIREEEZ X6 RS, YO T
1E. 10mm/E TV S OB REBERN T —L R E o T, [EKHKMA~DO BT HITERTX 5 &
EZ TN, BHEMCREEDFER, r—7Aax 7 &4 L TR~ LR L7 & Bbh
HZFERRONT-DOT, BIRT A RRBIET A NITHM U BROR S — L R AR X T, 725
R REBRWBOERIZHDE T, RELRZWE D ITEMHBRZIT -7, HKHERR & LVDS D@5 217 9
D-sub2 R 7 Z|ZITEWH— NV FOEDax 7 22 L LT, SLICEBY— LV RT—7 %2> =
JNEBEMITTZ, 0 R T ~NKREBRS I T 7 IRET O, 9l o W O I E FEAE R D T #E & GNSS
ZIET TR LT R 2R E O EBRZ K6 RT,

GRAMSI Y K=

. ANT#3

¥ ANT#HZ

TEEE

GMSS-R
#3 2

6 (f£) REA M OMARRIE, (F) 9t Y OREIEREFR L T BT OMBER(E Y F7 %2
BB BTIRIETERIR)
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3. R - LM
3.1. ERTHABR

KEREKICEX— Ry 7 & UTHTEY BET D100 « /e - BRSO & LT,
FSITRT L) e A i L7, £ T RUERREARORIE T, RAMKFOZE(IKENIK LT
~—U BN 1LSRELL LI ERER %2 i L7z, KEBRTIEAREDOB AN OB OMELZ T
10 mmEBEIRIZTEELS LTWDZ L IEFEOAEZRE LT NAIROXIFR &I L CRET
BRI ENERNEEX RNV E I RRFFE L TWD 2L, EBICE LD EHOEEIIMS R V204 T T
7poTERY JEIIH L TR Y OMEEREN I~ —V U BfFfoTW0nA 2 & 2 EOEBITLD
HEHER 70 K ERBR Tld7e < . B, BRAR VAL EELZEAT LI TORBRAL EE LT, ke
LT, #—UF0.2 MPaDIREE TH U » T B IS RIHERF L. MERES) — 7 IC K ENK TR
BERENNZ 2R L TRBRE T E L,

WNT, N ER 2 2 CHE L7y — 7 E2 5 LR, )70 X 5 KRB, HZ2ER
ZHEN LT, W/ Ny T U —20 BERAE U7 IREE CEIEME IR E U, [EIRAEEE 2 5 iR 5-40
FEF CHEIIC TP D OGNSSZEHRRE o O IEFEMEL R Lz, 7IBGNSST > 7 FIXEHK
ZAE DT DITHEEFESMTICKE LT — 7 VTR E Bkt Lo, 7R O EIREZ b & &
BN OIREZALRZ R Lo & 2 A, [EBRBOBEEN T RE WD, SRR 2 A%
0FIFEBMNEIHTH, BarlENE CIREICET 5 F C2RFRHIUL EA VB L 35 Z LR TE T,

WIZEEROTEE & [ CICEERE AR 2720, BN ICREBERREZREBEL T Ay T —T
BfES ., REREE( Pabl P & LoD EFEELZ MR L1z, BRaENHOREE o OEIIFEN
HOWEIEBE L TR LT=DA T, V—JIZXDE IR TR E 720 & 2R L, Zrisilli
X HATDAR2PE o /N B 22BN T3S L 7253, GNSST v 7 F b A (85t L 72 IR RE CEL 22kt PN
WCAIVCRBRZ F N L7-, Z DOBS, DEBRICERE SV CTWAGPSY B —# —O&EJRZONIZ L Tz
7o, TOMSET7 a7 BB WEEEMNTZETHZ LT, 77 TREZERE N CHEZEMIAL
NHFETHDHZ EH, RARNCH LN U OMRTE 2, KBICEZEM 2R EZ - T2 EIEAE 2 8)
TESHECTIREREO £ FIRERAE & L, K[ERREARF & FAROIGRANEREE I\ T HIERN IER
WCEMET 5 2 & BRER LT,

KREREBRICBW L, RAZ2ICED D120, K[ERGIE 7D 0 a~ v REZERISH L CTHEHiE
T DB N EE L EZ R NEOICTH2ENRkDEND, TOEOKEKMOT T F L%
EM 2R LBk 2 VT, SR 2 BEIRBIC S 7B O MU Z 5 R E N —E L)L T
Th D& MERT HEMCTWIIEZ LT 5, RERCIXERBEGR & 722 BRSOKBREITE TR
ERamOWNEBICHER L TWD Z e BANT~DO I3 70 & FOAA TV, FERRICITA B2 5f
BECTFWHBEHPH SNz, a~vy FZEOEEEES, 7o 7 T2 B8 S 7- B FMmED
W) IRECE 72 E D BICHNERDOCPUEMR N B D 7 11w 713 5 S HKA &8 ~DLVDSI®IE 7 — 7 )V
FICEGRNH THHREAG L, TOFEEaxr X0 L TN — 7 0~ 8 LTRSS Tn
HH0EHEHENTZ, T, B — VKT —FRLax 7 Xz L~DE R E 2B
LT —TNEHB T+ — I T EFE LT AR, S SEMCRER CREN N < b Z L AR LT,

#5 FHpiRBRo—E

AR A PR BALTNES

i = AR KBRS U T OMEMRE(FEEELO KEICK LTS KEL )2 G
AR o RlER 7 7 A MEEBRE TIRO -40 & TOEEMER

= 2R 1l [RIEORETOU =7 BRI & Zfigd

AR EL 22 R R ZE1 RJJE, o 7T A MUEBREE FIRD-40 JE TOBERHERE
EMCT#HIE REIRD =< & FZAERISHT DIREL R 2 5 2 7200 2 L 2 fgRd
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e <N &

M7 FRIRERBROY v M7y 7 WERER, B ARIR

o =
TSR, A AR R

3.2. R ZEH DO ERIFHAM

FEEICREREESR L L CHEA R a7 4 7 L—32 3 2B W T, FEBIN, £ PPP-RTK
IZE DT A— MO EREERIN N EB TE L0 E 5, £, 2 BOZEHORNHERZ W
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B23-06 Flight History (GNSS-R No.3)
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