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Abstract

Our research group has been researching and developing atmospheric entry system with deployable membrane
aeroshell, which is called as MAAC (Membrane Aeroshell for Atmospheric-entry Capsule). This paper introduces
the research activities of MAAC as well as its development histories and research and development environment.
The research group consists of laboratories in university and JAXA and MAAC system has been developed
centering on the flight demonstrations. Flights tests were carried out using Large Scientific Balloon in 2003, 2004
and 2009, using sound rocket in 2012 and using nano satellite deployed from 1SS in 2017. In each flight tests, the
team received great technical and management supports as well as budget. The future plan is introduced and
expectation for the future plan is also discussed.

1.  MAAC (Membrane Aeroshell for Atmospheric-entry Capsule) DA 22 & HIAE £ T O & R

EE ORI N—F T, BRI T 1 = L& V- RGBS, T 0B %
2000 FED DA IM L TE TWD 12), EEARIFIRT T 1 3 = /L& HERMKELE 2> H O KB ZEA
WCHEHT 5 —RE2M1ITRT, ZORIREIND LI, =7 ey VvEFT 5 & CHuERKE NI
KREEZEAREDZE T MBI L, Zalciol, &Hhked LATEKRTDLZ LN, BRAWRa 87 T
Hb, SOICEMAMETHZ LT, BHOBBHERGN D Z L, KERZT 0y = VEIRT D -0k
WEPES AT v a— MR ARERZE BET 5 bDOORIUKFE LN L, SHITEFA 7 L—4
TNV T ERAWDZ LT, W EREEENRE R LR RSN AFIRE LTETFOND, IO
KO R Y v v = VB AWEBEAT AT AT, BEFOEBH Y AT A2 T, TPO 12k
Ui BRI 2 IRETEDL LD LB TS, K2 FZARMEOBREICOWT, EIZ7 T 1 Mk
ZHLICE LD LD TH D, 2004 F 8 AIZKKEKND DR TRE Y, I HITIFA 7 L—F T LHEE

This document is provided by JAXA.



RIZDNT % 2009 4 8 HITIZKRAERD O O Pkl 94 Fifi L, = OREH L BERE R A T & 7,
2012 4 8 AHIZBllle &7~ b S-810-41 BREAFIM L7/ h 72 L O KKE AR THRR 9 %17\,
EEEEEERE T O L 7L — X T AT ay 2 LORE, 471 —2 7 UEEORME, =71
¥ VOREERE ORI LR T — 2 OB Lz, THUCEESE, 20171 A6 5 A2
FC, EEFHAT—Y 3 b ot R EGG(1lem X 11em X 34cm, & 4kg) Z#7E ECEMA L7z
0, TOREDO—FIZK3ITRT, ZOXICHELETOZT a Y = VOREMEG, GEOKTREL RS
TWHZ &, WERIIHEH LI ATIZEZMGENE, 27 o= VBRI L TWD Z LN, Tl
ZERICORBEMERT T 0 = LORE, =7 12 o /LOREBIIHE S BEAROIETIC X 28 RER
FORGBEEAEZBE LT, HETA VO 23 BT 25 3 — b= 57 —%(SBD) % 7=l
EETo®E, AV YU L SBD #EDHE HWIcful L CofEEMRICH IR THIO TR LTz, R
DFEI OV TIE, BIALODMh, 2017 A5 61 BIFH R FEAHE I T OS NEAER =7 v =
NLFFERRT R BGG ORREZORK) #FMLTEY, THLHICEDLIDN, YWOHNEZED T,
THFHNCHBERRA T =22 BGT 22 LN TE 2L NnR D,

Z DX O e FEBAFIRHITd D03, KF-JAXA OFREES CTHEA i L T& TRV | ks F
OFFEE . FAEPLTHRLZER L TETWD, KR, HLK, BROM, bR, KR, ks
%L ORFE, FEPSE L TRV > THWDRILTH S,

LSHOBRT T o Th DN, 2020 FHEEIZ, FHFO/NBEEIEIZ L > T, EGG fif 2R Rle 7
BX Y STy ERBICLDT VA 7 ANV—HFIRFEFEI v a v (BEAK) 2 TFELTEY, 61T,
2026/2027 EHOIT LA B LT, IHAZHERE LT, 7o —7EEKE 2 v 3> (SPUR) %
MELELHIELTVDHLEZATHD, SPUR OFEHIIZOWTIE, AV U AT T ADRIT S 88004 Dif
HESEBE W&,

BEAT—avTHEWR LSS BRSO H
_— AT ALE E iR

= MACFT miniMAAC Gl e BrEEs
' - CFECTIHREN L

| EREEOBRNCLEFEYEF

AR, BIEOTIEMEIEH

EHTFOLIzkY
BEETHEE
EAMBERMIER

7 3 RITEEB 2003,9,1 2004,8,28 2009,8,25 2012,8,7
s STEIF KEH AR KEH RHO Ece
3] =B = KAHET e ]
jTor iy 40km 39km 25km 150km
SHER Bokg 106kg 3.4kg 15.6kg #
I7OLx)LEE  1.35m 1.45m 1.26m 1.2m
A 450 45FE GORE TOHE

EWAH = JAE S FAE S A2TL—aT I A I—2T I
BAERE - M=0.94 {E5E M=4.6 e 2 g0cm (RF1EY)

gﬁgg‘? » : WHFMIC,1)  askg/m? Bakg/m? 2.7kg/fm? 14kg/m? Eiidig

M1 FHE=7ey i M2 EGGIZEHBEOMESL
AW RKE R EADRX

This document is provided by JAXA.



oid (km)
o
2

wf (oo %

ALT ellips

150 &

\ TV -
14 2‘3 42 5‘5 70 ﬁI‘I 98 112 % -
Time (day)

oE I L 1 1 1 I I

3 EGG OpRO—4H4]
(72 : EGG OmEORFEE, £ : EGG#HEON A ZIZL > TRE SN ERE L COMRE )

2. WIEBH 2@ L COFN&REBARIZET 5 X v v 72O T

AR O X S ITABFZERR L. 7 74 Ml E PSRRI 2 C& TR . B/ EE -
HUETOFEFEL TR, 4%, AR/ NN T v —7BEBEI v a Vv ERELEL L LT
L5LTATHD, 774 FilBrE LTIE, REEK, Bl > b, 1S SHIEREZIT TEEN, 4%
Sy v alilBWCT V2NN BIORYR AL FOBLEND, FEaxinb X8, vz uni-
ZEBREH VDT EE LTS, EZTOFIITFAERZET L LERHY, FAEDOEL B
LT NI ERFEENIO—DTholz, Yuav=s MREDLDLT-WZR2 D Nx DY HR— OIS
TR N> TEMN, 5%, FICKEOI v a IR bIiEE, 77=h1, ~3xTV A ED
IZZDEIRA L E—DFENLTRNE D & 725> T LD,

7T, V=% T TN —T NN NUAERZZ NI - T, THEAIL U DA 23R8
745, TR, ZORZORROFEINRALZ BB L DD, AEEREOEMEEZERT, e L%
DER LR LTERE2H D TH Y, ZHIEAH D EOIEEHNIZL D L 720, BEAK FHEIZEI LTI,
JAXA THEEROEBRFEOIREZ T THIEAE 2t ST\ o biz, ZA—7L L TREL
THRWHA I T H2ODPUEEDEREI SN Z ERERO—KF L Bbi, BRI 1ED T
5, TRIZALTEZEIKRE v FOMHEY O X9 S LRFORMITH D & B b, FHil
EHINOTFFEIFL WD Iy a oML, EEr Sy MR LEZERI0WEN S L TF— 2N
ZiEd D, TEICOWTERRZD, FPEUMIOWTHEE 10 EHULEOHE v a v OBae, AP
JENT & T AN LS DI T 2 AR L BRI, FRHCHBRRELS R0 L, AETRIRLIZb D LR
725 [5RE) BHLIHEEVPEE I, 5 F TOMBMBEZ 20 Al T, S HICHI &7 D HiR
WL TIEAEREEZE L LTEY, A% OEEBMRIIE FRBTHICL T, SHHEESCY v 7 £ —
2 EZHONTHF—L (P1) & LTEDRE, MUSTHIXI VO30 JadtE Tungn, gilla
NEBOBIZSEEE RSB P I THY L 00, L0 KEARBBIZEO I TS iEE T
WTHL, Ubnn, AFAUNNIR D L RIERA RAXF AR DR > TN ETHILTEBY, &4
R—hLTHHZ, F—LELTRICEZEY, BB L T NRBE TWRNI LITRLENR B D,

3. F¥&olamzT
MAAC 7' vy =7 FOBE LRI HONWT, FTEE SO TIRREETWaEnWe, RRTE7=X89

This document is provided by JAXA.



ICMAAC O 7 vy =7 MI, TEZIFILDE LT, FHMZIILOETIHEZLDHFOT 7 =)L, v X
VAV ROV R— R EZIT TRV TETZLDOTHDL, 5B bIDLEIREL DY R—F&272< LT
TV FOBERIIH VAR, FFESL—T L LTTES I LR, BAMICIREROR#E SEo
O, TOEFEEHFL, YAR— M T8 EL LANVEREL, BREZR > TRLATSE LT
21205 XD 5t A L CnE LW E BoTngd, AFEIEENL, JAXA FH LFPEERO FICHE S
iz TREREZE AR ORFRBZRET 7 v = LV OWFERTE WG] OIRB)O H BRI Bl R IF TR O S %
ZF TN TE I, £7o, JAXA FHBAFTERT O KKERFZERE P8I v 7 v N ERE)N I, RIT
FEBRICE LTI h2 0 2R D2 W20, £7-. JAXA H AFHEEMICIE, EGG 2 v
Ta rOFEMIZEEL, J-SSOD ZFIH Lz [ZIE 91 b Of/NURER B TS 2 S Cfbniz 72 & |
S HICHE/NIERE EGG OFIZB W T HZ KRR DR E W2, Eb 3, AAFFERRFE 2 Frgiayic
EDTHRDIZHTZY, R TUIRLR2NVEDTH D, ZZIEHOEEZR LIV,

ZE R

D L, $RZE RS, ML, AFrEE, B OE: R BT IS K KB 2 AR MAAC D B3 &0t
KEH, AARMZEFHERE, #59%, #6955, pp.389-395, 2011

2) I FEZ, $aRk ZZER, b M, FKH KW, A4 55, kH S, & B, RKE AR
PRITI AR =7 v & = VORISR & 7 7 A NGRS, AAMZEFH TR, 6 65 &, 11 5
pp.333-340, 2017 Doi: 10.14822/kjsass.65.11_333

3) Yamada, K., Akita D., Sato, E., Suzuki, K., Narumi, T., and Abe, T.:Flare-Type Membrane
Aeroshell Flight Test at Free Drop from a Balloon, J. Spacecraft and Rocket, Vol. 46, No. 3, 2009,
pp. 606-614

4) Yamada, K., Abe, T., Suzuki, K., Honma, N., Koyama, M., Nagata Y.,, Abe, D., Kumura, Y.,
Hayashi, K., Akita, D. and Makino, H.: Deployment and Flight Test of Inflatable Membrane
Aeroshell using Large Scientific Balloon, 21st AIAA Aerodynamic Decelerator Systems
Technology Conference and Seminar, Dublin, 2011, ATAA Paper 2011-2579.

5) Yamada, K., Nagata, Y., Abe, T., Suzuki, K., Imamura, O., and Akita,D.: Suborbital Reentry
Demonstration of Inflatable Flare-Type Thin-Membrane Aeroshell Using a Sounding Rocket,
AIAA Journal of Spacecraft and Rockets, January, Vol. 52, No. 1(2015) : pp. 275-284

6) Yamada, K., Moriyoshi. T., Matsumaru, K., Kanemaru, H., Araya, T., Suzuki, K., Imamura, O.,
Akita,D., Nagata, Y., Shoji, Y., Takahashi, Y., Watanabe, Y., and Abe, T. : Re-entry Nano-Satellite
with Gossamer Aeroshell and GPS/Iridium deployed from ISS, 31th ISTS, ISTS paper 2017-f-21,
2017

This document is provided by JAXA.





