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RERA: Rubber balloon Experiment for Reentry capsule with thin Aeroshell

TAKASAWA Hideto"!, SUENAGA Yoichi*%, MIYASHITA Takashi*!, HIRATA Koshiro™,
WAKABAYASHI Kaito*!, TAKAHASHI Yusuke*!, NAGATA Yasunori
and YAMADA Kazuhiko™

ABSTRACT

A sample return mission to deep space has been proposed. The orbital velocity in the atmospheric entry in the deep
space sample return reaches 15 km/s, which results in extremely severe aerodynamic heating to the sample return
capsule (SRC). To reduce the severe heating environment by efficient aero-deceleration at high altitudes, a new
concept of SRC with a lightweight and large-area aeroshell is proposed. The SRC is needed to be aerodynamically
stable at all speeds because it is expected to be operated without a parachute in the atmospheric entry. To evaluate
dynamic stability in attitude for capsule with thin aeroshell, the Rubber balloon Experiment for Reentry capsule
with thin Aeroshell (RERA) was conducted on July 1st, 2022. The capsule with a mass of 1.56 kg and a diameter
of 0.8 m was dropped from the balloon at an altitude of 25 km, and then, started the free flight. In operation, data
measured by onboard sensors and photographs by a camera were successfully transmitted to the ground station.
The capsule was in low oscillation in attitude without a vertical rotation. The flow field around the capsule during
the operation was 0.15 in Mach number in maximum and an order of magnitude 10° in Reynolds number. This
indicated that the present experiment reproduced a flow field around the actual deep space SRC at low speed.
Although the moment of inertia of the capsule for the present experiment was different from the actual SRC, it
was suggested that the capsule was dynamically stable in the low-speed region.
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bR TW5.

28 NG EMEIITFR R ENE L B ZEENH 5?2 . FIEEN & 13 72 v mlgs - JREHES)
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IKEIR BT AN AR L EMEZ R 2I2H 720, o TN E— 7 v (5E8) O TREE R U
1TEREE, REEZ I TAZENEEL. EEIE, ER0.8m, WEE 10kg Okt — hy—/L R
EETDODN TN EREL TS, HEEOE— h v —/L REBIL 10 mm FEE DR T 7 L—X L iEis
RCTHERINTEY, TOEEIX Tkg, WHMAAERITSkg RETHD. HiflE v OEMET—2 2 K
0.58 kg m2, FEHhTEEE D OEMEET— A2 b 0.32 kg m2 2 ME L TW5. L, BIRE RSO FER
FRIMNOAERR T, B 0.8m, WEE 1.56kg, H#hE Y OEMT— A b+ 0.033kg m2, HifihE
EE Y OEME— 2> F 0.020kg m2® RERA & 7BV A H L=, KEKEBR O RERA & 7 &L
SMELL EH LR B A TN E NN 4, R ISR T. BT — A PO FEELES 120, IBEFOIRE
MBI BENHDLEEZLND.

Flz, EVEWEENGHBRERITN TE L ERITEENIZN D720, T LRERNENRNEE
2 OIVD R 25 km 2 RERA 7B AUV BEL S L L7z, 3 BISEEMA T 2208, R
BEIXFERE L e L, ~ v B 0.2 DL OREEFEIRIC B W TR LA L A A — & — TORBERD 7 HE
ThbD.

BT BNAIROFEMAZR 5 2R T. 7L T HORNGE R E T 5. RERA 7 7 EAOH A X35
FELRICEZ0.8m THD. HEIX1.56kg THY, BHIEIELI O /MIFIBDAT v — L E2EH L
TV, EiFRIZIR TH D720, xifE D OEMEE—A > e yllJE o OBEEE—A 0 MIELWE
REL, BT —RA 2 FERIE L. RAAF o —LEE CAD 2B EH L, IO HE ST
FR U, B UERIT V6 RETH LD, BT — A2 MIEELY 1 4 —F—/SVME
Lo TN D, BRI KE-60 (2= MF) D&% AW TIIGAT o —)L L K5kt & OEEZIT> TV
%. RERA B 7BV, BIEH 7 LT E BiaAT v—/V), {iEHHERS BlaATFo—L), HBHEkE
ORI TS, MO NTICEEER NI TEBY, BEERT T T AT
D HE AFEAMCBEH L TWD, REET T T2 EET 572012, Bl 7 VT BRI L B
NOERFBIAAT B — L EHEE LTS, BATENLELIDIA L, BEHBEIRNEZ 60 S 20
KXol 7T o Tr—7TllmEZE > T\ 5.

# 1 RERA 7 &V ih &

B 1.56 kg

PAR ¢ 0.8 mXx0.235 m

FAEE RILAF m—/v
(40 f5%&70)

x Wl EPEE— Ak 2.0 X 1072 kg - m?

y PR — AR 2.0 X 1072 kg - m?

z BT — A b 3.3 X 1072 kg - m?

4 JEKFEBRT7IAMET V(RERA 7€ /L)
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Total weight : 1.56 kg
(including 0.4 kg of styrofoam)

AA(1:5) Groove for antenna
Zan of transmitter

100

800
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93_00

N

Center of gravity, mm
(0, 0, 128.3)

| Origin GPS antenna

¥ 5 RERA 17 & /VIX Hi

22. VAT AMEE

BHESRO T o v 7 KEK 6 (R T. AERTIE, 17 2VOEBEFMT 5720, 9 A
B (MTi-620, Xsens) Z HWCHEE, A, BGE2RETH. BB VDAY 72K 2ITR
T 4 BWIORTEHIERD SEPFHE L PRI E > TWD Z ERHRTE 5. Mx T, 78
OFEI THz FRE L B Z O D Z L bINEERBUCKR L 2 /b S EBHZHR X 5 Z LN ARETH
5. RU 7 MEIE 2 BRI E U7 RBE THLKEE 2.7e-4 G, fHJE 3.5¢-2 deg/s TH VY, ARBRTHZW
FEEE 0.1G,0.1deg/s FREED 7= DRIE . T/ T 7 4 MBI ST L a~ ik (U-
TeCS A — K, HA X 60 mmx90 mm)iZ IC BIDEE & 4 (A% AD590, Analog Devices) Z#5i#k L
7o, KeHIZX VA Y VT E S FESOSEGEHAEICBT 2B AF o — Lok, XIE
B, BHOTEEOIRE Z T 5. AT, &8t ¥ & U-TeCS A — ROEEZ L TW5. GPS

(3Z{E#% : MIKROE-3922, MIKROE, 7 7 7 : TW1421, Tallysman) % fi\>C 10 Hz Tz E {7 & H
53 %. A7 (OpenMV CamH7,OpenMV) (3751 FIAEEICERD i b TH Y, 7 Lo
FHOHEGEREEGTE 5. KEBBRIE, BERAFREICHERT2 LN TH L. EEHE T — ik
ERT T FTIEIAXA KEKEKGICL > THEESNZLDOTH S, BEORKERER CEERICHEM X
NTWHEMZEIRU7-. BEih (Y% 3B75, Greatbatch) 13 2 AKZEANCHEG LA L=, £72-20~
60 EOHIP ThHILE, EAERE, HHEOBEIIRER . SMEOREMEE 23K 3 1R

PHME IR 2R 2 7 1R T. RREE0.150m, HX0.116m THY, HEITK 1.0kg THD.
GPS 7V T TETOT NV IREBMA v 7 AHPHNEETH LW AT o — /L LEEIND.
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Non-flight items

External

switch
power supply

PC

Pas
Ja
Lz
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Camera

OpenMV
OpenMV-H7
input : 5V

Sensor board

Xsens
MTi-620
input : 4.5~24V

Boards with GPS
u-blox, Inc. <3

GPS receiver

Antenna

SparkFun GPS
Breakout - NEO-MON
input : 5.0V

Tallysman
TW1421

il

U-TeCS
Base board

input : 6.5 ~ 32V
output: 3.3, 5.0, 12 V

Digital signal
(big)

FM data

_ | Antenna for data

transmitter

\

MODEL 7748DC

input : +6.5V

transmission

Y

Battery x2

Greathatch, Ltd.
3B75
3.9V x 2 (no load)

6 7y

#£2 9HhEEA YDAy

— signal
— " power
—> RF

Accelerometers Gyroscopes
Standard full range + 10g + 2000 deg/s
In-run bias stability 10 pg (x,y) 8 deg /h

15 pg(z)

Bandwidth (-3 dB) 520 Hz 500 Hz
Noise density 0.007 deg/s/Hz 60 ng/NHz
Non-orthogonality 0.05 deg 0.05 deg
Non-linearity 0.1 %FS 0.1 %FS

\

X7 P IR

* 3 FHHME LI E S Camera [Shg
Frequency )
N, m/s? 100 Hz :
FHE rad/s 100 Hz
e 100 Hz
TH—H=F 10 Hz
HK 7—% (I, [£7), BT 10 Hz w
) '
GPS 7 —% 10 Hz \
TH 0.1 Hz
3. FHATAER -
3.1. FHIERBRBE
RERSEER RERA & FEfid HI12H72Y M - ERMEOHER DT

(ZFR 4 | R HF AR 2 E i

L7z, KR - IREREERER I, 774’ hﬁ#@,_\mfgiﬁb ~— R INZT2-40 FE, 100 hPa DfKiE

BEICBWT Y AT MMERNEFICHERRET A - L 2R LT,

Nz T, WiRKERE
B lRIRE DR 2 55hE L=, 1RIR(-60 FE)F I EEREE, #IRANE(10 hPa)iREE IS
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JENED BN L 2R Lz, WERATO B 7' VRFE (45 N), LEHEF (163 Pa), FKEE (50
Pa) (277> % fof B & SR EEARATIC & 0 §1A U7z, SREEAEMTIZIE, 3dCAD Y 7 b Autodesk Inventor {252
EEINTOWDHERERMNT 2 AT, TXTOFr—RZBWTLEFE 15 L LA L. BEAT
2 — U E S B <, HE BICB D TR EBE S S EREE EE E TELTCLE D AR H 5.
ZDD, P—F2 b —F—IZX VKRR AEHTHZ & T, SREMEELLT CEEREICR D
T L AR U, ERAE T URERBR I, PIRESRICKIT S GPS T U T BT T T O, Pl
Hen & KK G OMERO T A7 L7z, BIFITIEEROBIRBNA > TWHIKEET, GPS BxfET 5
ZEEMER LT, BREITRIEK G OB S EHi T > A W CEMi A i U7z, 1R TRk
RERD KRB ZETHEERG COa~vy REERBRLIEML, /A X L-VLRRERN T L& 2 s
L7, BRI OMETECIX, &RKAM THDBERFTO N 7B EEE (45 N) IZBWTZE4H 10
ULz CTED 2 L 2R LT

* 4 FATABRIEHA

R - AT 44 PR PN 2

R - (T BR BE AR JELEE-40 FE, £ 100 hPa B Ei F COEEE MR
MZ T, wi&, FTEJ) 10 hPa ([ZRBIT A {EA R

5L FR AT HOERRTO A7 ARFRRE, B, TRHIZHBIT2HIEAT 1 — L ML 72
W LD

TR TR TR T WL~ N2 N &2 il

i IR B B AR AN 0 SN N X TR NN )

F255 79 D 5 B A AR B2 7 D 5 A R A

3.2. BLEAAT A

B BRI TIRE D HL EHUELEREE & 0 72 L OFRA TS 2 5T 5 7o O IHLEfRNT 2 FEh L 7=, KUBREE
BRIZH T DTATEAITIN 2 T FZEARE(SRC) DIRAT 5 & FATT LIRATERBE D ARELIE 2 3l - 5.
RIS 222 5 ICidkT 5. KERERTIZY B AR HERELCLE S AIREtE S b 5. FD-0,
WA PRI TR 2 R 7o B S0 3 1T 2 Hi s A 3R U 7. BLERRETE Bm, B mAES,
TR Cy 7 W TR TERSND. 2 CHIMRBUTEE KA T & S IE L. FEBRSEH
NHHTEIVERIE, 1.0~2.0kg, CIEAMIC10E L, FEHZLTLE-EAIZ06 L. £
D=8, BIERBCg NI KDy — ATl 6.7, /D7 —ATiH20 & L=,

m

Cs CiS
# 5 BB
7L Reentry (SRC) Balloon experiment (RERA)
T =T Tacode v1.12 7
KEET IV NRLMSISE-00 Atmosphere Model
PIHIE L, km/s 15 0
I EE, km 200 25
PR, R, deg 0,0 42.34, 144.08
TRATHREHE 4, deg -11 0
B, m 0.8 0.8
B, kg 10.0 1.5
PRI Cq 1.0 1.0
HIERH Cp, kg/m?2 19.9 3.0

(2.0-6.7)
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le6

30
1.0 A CB=20
25 ® CB=40
® CB=50
0.8 A ® CB=6.7
_E 20 ® CB=19.9
2y 0.6 1
< 15
E .
< 10 0.4
CB=20
® CB=4.0 -
51 ® CB=50 021
® CB=6.7
® CB=19.9 -
01 0.0 4+22""
0 20 40 60 80 100 120 140 160 0.0 0.1 0.2 0.3 0.4 0.5
Velocity, m/s Mach
B8 WELRES DT 7 AL KO~ LA /I NVAETa T 7 AL

8, K9 ITHLEMITIC L > THONIEELRET R 77 AL, v o RELVAL I N T a7y
AN HENENEET D, RIEHTIZIT 2 HERBOHF (2.0 ~ 6.7 kg/m?) (2B WT, FHKEFOR
I S5~10m/s FREE CTh 7o, ARKERFERFEIKICENT, v v HUT 03T THD. ZDZ &b
JERMEME D RIT NS L, WHIGIT VA VAR EFT D B2 bbb, £, [ERERO LA
JIVAENE, BHREARO LA ) VA ERA—F—Th Y, KREBRITHEARFOKE &[5 CRIT
BREECEBRNTXAHLEEZIONS. 2770, BT — A MIFEAKON FELEERHHT-D

RENEBIFEITIL ARV,

4. RERA 7 71 hfER

4.1. 774 NER

2022457 A 1 B (&) 4803 B 32 0 s— 7 v o = VL) 78 U3 dbVEE O RBSHI 2252 1 3250
BXOHERES N, FET 4 B 44 DEICEE 25 km (SELEZ L AR L, TLAKEN ST HES
M, BHERITEZBE L. Fai SR 13 DEICT — X OZENA Ny 7 L2 &g EEKE K
L7z, 2B RERA I 7B VO S EIBRE, EREREREL EAZ 10, K12 1Z7R7. B0 B
Lﬁ%ﬁ%OkLk.En¢@fﬁi%%#%ﬂ@%bif®mm,ﬁﬁi@@%b#%%mif
OEBFCH D, BV EELEHZBWT T 74 NRUEOEE 25 km LU ERH7Z ST D 2 L3R T
5. Fio, UIVEELRFORATEREE AR 6 ([CRL#d 2. IEEE, MAEEITX 5 (R TIREERIC
BT DMETH Y, s, o s I, B, mEHRICBIT 2B TH 5. BEHF XL E E,
REFENIEAZIE, SELFMTIEMEZELT D, MKEEITRRT —F NCEPYO R B /i 5 KD
FEEICBT DRI E A AW CHEI L.
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During ascent Flight
25
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& 151
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5 4
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—4000 =3000 —2000 -1000 0 1000
Time, s

10 = DOREH] JEIE

@ Trajectory during ascent - e
© Trajectory during descent

Taiki Aerospace Research

Field.in Hokkaido

Separation

Latitude, degree

42.0 ——
143.0 1432 1434 143.6 1438 1440 1442 1444
Longitude, degree

(a) X (b) 3RIT7 TA R
¥ 11 RERA 7 5 A ~#UER

% 6 UIVEELIFOTRATER BT

HH

IEE (x, y, z), m/s? (-0.04, -0.06, -0.9)
BEE (x,y, 2), degls (14.4,-1.7, 61.3)
fHEE (ati, long, alt), m/s (-0.76, -14.9, 5.0)
%5 (lati, long, alt), m/s (3.0, -2.4, 5.0)
=, km 25.6

FRER R (lati, long), deg (42.30, 144.07)
4.2. FATERIE

REREBR L WOERT DA EHE L SE T a7 7 AL, ~ v BELA VBT a7 7 AV E
12, X 13 1287, FEBERICOWTIE, GPS 2B HG Li=T — & & By Ukt s B 2 B L
7=. 0%, [T —% NCEPYO[F H 2L 5 B4 & B 31T 5 KRsEE s & S AR 4 Fv Tt
SR, v o, LA VA E RO T,

225 EE 10km LLF T FRN R OGN D b O DOEEMITE R & B R M —% L T\ b
T EDHERTE D, RATRFOMPIREL Cd 23 1.0 THAUTHIEFREUL 3.12 kg/m? 12725 LEHR &N D
N, KKK % Hk 95 & HEREL 4 kg/m> FEREICH Y T 5 Th - 72, IR Y05
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50 m/s DL T O3

BNIRENT 5 Z & TEIMRTUIREN /NS 2o T2 AlHE
ZHUIAR S TN E Th D AR

W D556 SR E D R 5 2 5D TV D

ThbD. BAKEFEOHEEITZ10 m/s LLFTH-T-.
H2EAfE E AL 2 TR cE 722 &R

B THMRETEEE IR AE LR,

W IE B EAEAR AT IEBR T R JAXA-RR-22-008

ZOZEMNLEE 10 km LT TIE, &
MRH D, FEERICBWNTEES MO

SN b7=0

X 13 OFERND, EBREMTN L —EHLTEY,

WCEDH. 20, UTOETIIHEARFOMK

MU 351 5 BV THE T %
le6
30 10T
® RERA (CB=3.12)
25 4 Analysis (CB =2.7)
0.8 1 @ Analysis (CB = 3.0)
® Analysis (CB = 3.3)
. 20 4 3 ® Analysis (CB = 19.9)
g g 0.6
g =
E 15 / ﬁ
5 ® RERA (CB=3.12) g 4l
< 10 RERA, Velocity in altitude ) 04
direction (CB = 3.12)
Analysis (CB = 2.7)
5 @ Analysis (CB = 3.0) 021
@ Analysis (CB = 3.3)
® Analysis (CB = 19.9) il
0 y T v T 0.0 += T g v -
0 10 20 30 40 50 0.0 0.1 0.2 0.3 0.4 0.5
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