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Development of Tawara Type of Super-Pressure Balloons
By
Naoki IZUTSU!, Issei IINIMA!, Yoichi KATO!, Yoshitaka SAITO', Takatoshi SATO!,

Yasuhiro SHOJI!, Atsushi TAKADA!, Keisuke TAMURA!, Hideyuki FUKE!, Yukihiko MATSUZAKA!,
Kiyoho MATSUSHIMA?, Eiichi MIZUTA!, Kazuhiko YAMADA', and Tetsuya YOSHIDA'

Abstract

A zero-pressure balloon used for scientific observation in the stratosphere has an unmanageable limitation that
its floating altitude decreases during a nighttime because of temperature drop of the lifting gas after a sunset. Once
a practical size of super-pressure balloon without venting ducts was developed, its lifetime can extend very long
because the volume may not change. We proposed a new super-pressure balloon design, which is constructed by
a concept of ‘lobed-pumpkin with lobed-cylinder’ and can adapt a single design for balloons of a wide range of
volumes. The advantage and formulation of this new design are presented in this paper. The results of a flight test as
well as indoor inflation experiments are also considered to study the validity of the design and fabrication method.

This new shape could realize a powered balloon system in the future because of its reduced drag shape.

Key words: Scientific Balloon, Super-Pressure Balloon, Powered Balloon
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Equator
(a) Gore of lobed pumpkin balloon

Pumpkin part Straight part Pumpkin part
(constant width)

(b) Gore of tawara (lobed-pumpkin with lobed-cylinder) balloon
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wbIC L%, DE2S, HREET44RE TR T 7 HOEREAREMEHN T2 2 LPERNICIETANTHL L
Bhhb, b, [EFEKRELTLHE, HEETO 7 4 NV ADIBTBEMODERIZIEF v v T2 5 0LE)NDH
b, Fx v TOREREDET THIMWEMKRIKDO T HHL 2 5.
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= ==-lobed pumpkin
lobed pumpkin with lobed cylinder

Balloon Mass

3
Balloon Volume

7 RHEE SHIEORKFRICLSZEIE

1.0
Mass of balloon

Radius of balloon Mass of films
(O ..-.-::::::::::::::::--: ............

Mass of ropes
Mass of top&base fittings
0.0 -~--"|"""'. """ fe==<ccpecece~- AL L ALEEXLE
1 2 3 4

o

8 7ANY MEERHER, [BFEOBERE

4. b FEXER

INFEFTIRIROAT = VEF LV EEBRICEEL, B EICBI2WRARE ER L. FRBRCHEN LKAk
TERIWNDEFIV#l ~#3 L LTORY. 74 VA0 =723 2N F TO SPB[5] LABRICENZEN T~ BD LB
TANVL - ANT Iy 7 A, T3 FlARTHAEZE W

9, EAEN3ImOET IV #1 T, RESIROMWIEIERE 2 MRS 2 B2 175 72 Bl % Mo 72 IR TR > 5 22K
EHEALIZEIZA, 7340 Pall TR 9 IZART L ) ICRKIKO PR EBIZE S 7 V35D 7 4 IV AHW L CREEEIC
Eol FMUBEZEOBEFER SPB (X110) O¥i&id 6,700Pa TY — 7 HFAE L TW5 [5]. ZORERICL YD, A SPB A%
A SPB & RSO ETERE 2 #> 2 L AVR S e,

WIZ, B —TPRIRGERECTIEL BRI 2HRATL2HNT, BEEN6mOET VR ZEIEL, ~A) 74
HAZHCTIREE TIBES SR EITo72. IR T LI IEANY T AT ATHRESE S LITX ) EEOKE
DX ) IZHEED SMEIZIA A % MR Z B L7z, K12 3BRE O 200 Pa DIREEZ /R L TWE. TOREBICLD,
RARVRIRASIE 7 R - WIRT 2 S L AR SNz, BiO— THWRE W% & 95 RBZIEED Sk h o7z

51T, EEN 12 m, FHEA 1,000 m* OETINVH OBIRABREIT o 72, TOLAIKTIRERD T 7R & FE DR
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EH 1 mOIT72MH LA BiR%E, 17200, 400, 600 PallB\wC, IT7EIBORFATHFRLLE, 74 VADMTY,
SIRELE, Sk SEFEOWE LT 572 [10]. MR EHFNEEHEHCTHEL, 74 V2O TESH S5, LD
7AWV A EIZHIpNTZRE S 100 mm OO R SO BN Lz, 72, BHEECERRER 5 O L Hlm & o
ZE % 4 SRR E LA LR o BiEE 2 SIS X D3R, AEE SR LR BEROE S 5RD 2.

B 13 (X175 200 Pa DEOSIKZ R L T 5. X 14,15 ICHEMEEZRT. ENENMTE, U735
XREDLLEVIRKEELERHOLBIIKREL D, NUTF V5T, EDESRT L EEIRA LS 13
LD, EP ORI OREEDOBRPZITBHELTWL I EXbrsb. —J, MEIRIZE 22312 o THEM
WZIZIEF CREDOEETRELL Zo T 5.

N T ST TFFMAOMNNE 1.5~35% T, MEAFHOMY (0~1.5%) L K& W Thix, KBk
NSV ORI TT7 2 5 — DM RRD I L RAFEHTE 2w (IT7HORS LRI LEOT T &
VI —ROEPKEV) 720, TERBFNOFRESNSZT 4V ADORFFIHRTRITICKRE L B o TWAHEGD
TANEIPMMPITVEz0LEZLNS. LA L, KERIKE L BNEWHEOE NIRRT IR TN L5729
COMD XD /ASL s LEZONMEIEZ V. FEIHBTE, HAEMOME 1~2%) 2STFRAHT (0~1%)
Y KRELBoTWAEY, HEMTIRIMMOISIIED 12 THALZ P ORURHEEEZOND. RO RE /L IH
T S % DIRAEROE O (MEHBISEV S T XV E55) ThHHh0 ZOMGTEIRERELEKE LK
KIENZ/NELFTHIENTEL, 72720, B LRBTTRHAREERZWHIPESTH L. MEHTIE 2 DDk

Aou—FICHENLBEBIIIE S EZED, SEORIFSHELVIETTH LA, WEHRE, Mao—70h2E)
DEVE XD LEP-72. ZOFERNIE, 22000 —7ORMREzRL > THT, FEEHETIZEDIF T E OO
Rp2720THY, WHEMERISEE I 2. £, BERROKGES T, Mo — 720132 TEMNDS b
DD, HO—THOWIZLDIZIFHBEEINS Z LD S L7

SPB Tl ZPB E(EVREDEH W7 A VA ZFH L TWAE Z &, B, ABHELZHESTS720, WHO ZPB HO
LIRS (KRR 7 4 WA 2B & RE T -T2 TV FIOHEBEIZL VNS IWTRIEK 7 1 VA%
FlERCTEIREBIEST 24X, TSR THROREZBL T/8T ¥ a— PEIBICHERSNS) [13]3fEHTE %S
W, ZIZT, TYRITOHEILL > TREFBICHE SNAF S RXEENT 1 VAEIZH> TN 7 1 VA %F]
S ML D o7 SPB HOKAIRMIELEE 2 % L72 [14]. WEA O A K 16 12T, K17 IEFEBICEIRICHY
JONTBEEEZ R L TS, R ERMREIHOLGMISRT L) 2EHOF A4 72508 LICiE Shzp &R &
WrOMEEINTED, HOLMIR LMEEr — AN S, OSSN E R &Mz R I TnE. 2
DO XRXMETANADRZEFNENTTEH SO 74 VA EB L CRFICFsTu—Fe—7I2KEsh, 7%
ORI BEFRLAIRE MBI NT Y2 — b RICERINS. 53k - T va— MR —Th v ¥y =12k
B, BIEREMIITY FTHBEICK D THIZTIDN, BEEEEAREIDMr —A» S5 & HEh, 2B 7 4 VA
OMEETHED T 4 VA YYD RELPSELHEEICR > TVD, ZOEBEORIMEMIEIET IV 43 ITHY 1 5 il
BEEREBR TNz, ZORE, HMISIIRT L9118, —RICKEREBIETE 2 2 Lo s e,

RIEROBRRZEEEZRARD 12012, TTHDNLWE ZORBKEKE BE O SPB ORI THONL T2 [15]. Zoik
By, HESHUAHEKEZEPETAY Y AT ATHIRSELBICERATHWBIRICD > T X ERBREIRHL N
X 19 133 1 1278 L 72 7V PB60S-3 DEEERETT7 30 Pa TOIREZ /R L TWTC, RIS TEEICERLTwWL I E
Bhhsb, —7, FUEZEOMFHR SPB (3£ 1177 EFIV PB60S-1) Ti&, K205 $ X 5 IZEEE )7 50 Pa I
BUTOREIEMET, REMIC Cleft[8] KT 2IRETH 7. 2O Lns, RBKHKOEEEMEIREN
7252 5. lobed-pumpkin B ERIZ /S T H Y RIREF— DT THEEZ RO, WHRIZIRTH 580 7F U &ER
RIS D BERE L v [1,2]. — T, lobed-pumpkin BGAIKD 7 4 )V A DFEDGEHIARRLE 280 T V4R
WOFRELVREVADRVPAEL L. ZORVIIFEHIIHECRS SND LIRSS, EBRIIEEAPTICERT S
A3 1, R IR A% o 723 & IS 2 R WmEI ISR 2 2 IAMEE LR v, SHISK LT, S®RAER
T, WERE D, ENZEICHE LMo E IS8T A 720, SO EHRO L TICIERBESD -
ELTHZENLZMURT A2 NIMED L0 LM SN TS [15]. 20 X 9 RIBHAZEMICE U BRI IC X
LHE O AL THEDOLNTED, HEUKKTOREMEORIATREN TS [16].
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x£1 KEORET

EFLFES #l #2 #3 #4 PB60S-3 PB60S-1
FERHN [EYEEEN i i A TEIREHN FREFH R JEE B ER JE B SR
SEREAE m? 19 190 1,000 5,000 3,200 2,200
[lEKE: m 29 5.8 11.6 209 18.6 18.6
TmE m 5.6 12.6 20.8 32.9 28.0 24.4
TT7H (Ea—7 %) 24 48 40 72 192 192
AERES m 33 8.1 11.6 18.0 14.8 11.1
Mo RS 1.6 4.6 4.6 5.5 37 0
B —7# 7 13 6 7 13 0
T AT R 1.4 1.4 1 0.86 0.8 0.599
R RRERIE )2 Pa 7,340 200 600 (500) 40 70
T ADFEHE 225, VLA 7225 VLA ANYTL 22 NI L - ZER
B H 2007/7/30 2007/9/9 2008/3/18 2010/8/27 2010/5/19 2010/5/13

9 EFIL#1 OMERER, EHzE 7,340 Pa THIE
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10 EFIV #1 EE—ERD lobed-pumpkin BBk DM EHER

e

R11 EFI #2 OERRER
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12 ERERIREEDET IV #2, [EF%E 200 Pa

13 EFI)V #3 OERRAER, EHZE 200 Pa
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'.wn'.

i Y
Pl
IJH*

!

20 E7J)LPB60S-1, EEFEHZE 50 Pa

5. WINEER

FERIEBEZRMAE LI EZHME LABEEN 2l mDEF NV #4 Z8ELZ (31). ZORMRBD B I
To#) Th5.

(1) o 3B CIEHBIC & R WERO FARICB 2 a2 R TR 5.
(2) &I THIEFICEMT 22 L 2WETHERT 5.

(3) HelE P OARIREREE T 12 BV D WEMERE 2 FBIAAEFHC X D IS 5.

(4) FHBUCBHZE S M7z SPB HI S ERBELE i O BIEMER 21T .

TV RIS REBERICEER ) ohz Ear Fo (RIRBEHBRESR) L@woTITy F7iaarh, L
T R8T (K21 4) WEEER (Setra 239, L ¥ ¥+ 7.5"WC) B L ORIREIHEEZWMENTVLINER Y AT 4
[17] (REREFE GPS AW ST W2) 2Lz, T FIIEITV # A5 (EA Y )b MS-55B-MD55) & ITV
JAREEIEREINZ. T2 ZoREou—Fe—7 (o —7) ICRL—F—Y— V2 ATIhTwirnid
gL — & — BRI & SRR FICHIR L7z, B 21 ZEIT7R L2 5SBREEER IS, A AL & SPB HHFA AT Y £
LNTW5. RAKGOEEHE L £ 2 ITIRT. FPEFEREIX 25 km, €0 & &DHEATEIAF 500 Pa (ZOXIKOH
FF EOMED 1 kPa D 12) OFETH -7z, %8B, @HD SPBIZER SN AL 100 ~ 200 Pa TH 5.

MIFNHKE L 2 ) ERFICHAR LB — 9 —1e — 7O % 25K PMET 2L H T —DEENLTHL &
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DAREEIZO R LREED D 570, FERITL Biu—T 0T 207008) I[SRFNICEREZET 2 LEsH 5.
ZNUANTEE ORI EF LR HETH 5. 72721, SRIOKIKIT/NI WD, BIEH2VNE HFE O Rk
A TE R WY, BEHHE (RKa>) R T2 BRA LA T —F EBHAT v F v HEH L.
TV FZIEAEE RICEANIN & & HGEICE LTI v F v Hh St 2 R E Sz (122). KBkiE 2010 4
8 H 27 HZFHI 5 W 39 4Mc iR & e (IX123), 240 ~300 m/ 5O METIERIC LA L, 78 23 5D S XAFRBEHOEE
BT T AR o7z. FDOH% 100 Pa T TEALZEE 25.1 km TERIR FEIS/NS R RSMMIL, 2220 RBHIzmr-
TSR NDHEIZZNT T, KR e 7Ly v —RBICRVEET 24072, (K24, 25) 22T 7HE29 5125 3k0Y)
DEELZ1To72L 2 A, M261TRT X ) ICHI SRS 2N TRIKIT—FUIHE SN, @HFH D ZPB L HEORKET
HECTHEICHET LA K2412X 0TV FIOBETHED? S EDENRTEAEIE T Z2HO T LT b2 5S. &k
St ,%ﬁ®%Tﬁ§u:/F7iD$wtb%~%*waé.74»A#iot A= —=T Vv ¥y —IREX
DYYREIZC ¥R T Ly ¥y —IRBCTIERICAIRHEL ETTE 2720, L OAIRIEERRIEIE A — =T Ly
—IRETH MR {MEB T 5 L b5,

SIRDO TSRV CTERZREET 572012, 3, WGEE N AT ONE - WiAORERY S 27 [TRT &9 I8
BEOMBEPRESN, SEANVETOREELRBE» SOOI 8 m THL I dbhrol., ZOMEIISYTF Y
o E MRS OBHP S 5.7 m BENALETH L. RIS, BIEROLERE S LAY, B L7208V BRI
BIERIZT A VADORBRARBE AP o TR, Ny FRTHEBIN TRV, F72, ZO/RUEB LU
MR/ SR VICIE, RS - Bk - FI SR ERESOT7 7 ) OWO AT b iTb TR, BYEA S XA AT
EOTTIEINVIERRLTHDE I EDHERTETBY, ThEToOMERBTDH L 100 Pa GEEF LOWED 1/10)
TAREEDA U2l .

BHEOFRE LTEZONL I EIZUTOMY THD. (1) BFET 4 IV AIZNERE TOETH &2 DHEEH - 72
PHbVIFFEAELR 2) BERICTT OREIEYIHER SN WERGDH DI ERPFEA L. 3) @D
SPB IZIE Wik T — 7 AR & R DTS2 D7 4 Vv ADIRTIEFR Z 7.

(1) 122w TiE, dL, MIREOTIRT 1 W AICE VB —VREWH L EVH - 2HE10E, DSVENETH 7 4
WADEFIZOBRA o 2 REEIE B E T E Vv, FEEE, PB300-1[18] DMIRIFIZIZ S 5 — & 3635 L 7238534
Z D%, O HRL TIEDD0 ) RO 72EBRICRIT 2. 2ok e LT, BOKE TICRIRARE T 4V 2558
M3 285> T, ZPB LMD H XD F v v TR TV L OB CRED L S, ZoMKEERiL 7.
PB60-2 % BE - BERL 7245, 74 VADPRKN TOREGIHAE L -7z [11]. FIREPEBEBZROMENTE LW
ORMEXIICTEIEIREETHSL. ZPB TEEZLDOEETH > TOEEIIIZ0D-ORKOMWIEICIEL Z L1134
WS, SPBTIEZ D &) /NS LG BGIC %2 THEED H 5. BN L 2SOV TH S 2O RALE L
B REEIRR I N TS, (2) IOV TIEEE FORREEZWINT 572012 T 7RO VEEES - BB o — @& X Ik
REEO LI [5) 2T THY, IHEFZBIFLLEITTIZESNTWVS, (3) IOV TIHE — 7D R #ER
TTANKISNERERESELMOEPOFRIHE L WHEED BEIETE LRI HEEEE LY. 4%, 3R
B b EET 52 LIS X WV ERORKEEZITV, LEITSCTHREZELWEZZ TS

k2 EEWEK
Rk BT A D) 102.2 kg
AIRREIRE A 3.8 kg
LLRA 74 kg
TYRT 29.0 kg
NG A 19.8 kg
= 162.2 kg
H#) 21.5 kg (13.25%)
LRREIN] 183.6 kg
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E 1%20.9m
L

& K33.5m

X127 SEBRRAE, SREEGRERE HATEETHEVTVS

6. £&O

A=R=T Ly ¥ =5FOF LR TS 5 KM KEKDEX 2TV, TOMEDOF IO WTHRNRZ 27—
VET N & iz FIBIRABRZ T, WEYERE, Bikas, JBIR ERZEMEMR L F72, A5 5,000 P ©
K[EROMMABZ EMi L 72, TOFRIKIEA—/=T L v ¥ x —REIZR 572D DD 100 Pa TRIREKIRIC/AB
7oo 7o, A=8=TF Ly ¥y —R[IEMICHIE L2 RRMERE QIR 282 MR T &7z, —EoHEBIZ X ) &I
RERDIFE R R CTE L EZT0D. INHOREZ RO /NT — F NV — VEHEIZD 2T 720,

RIFFE D — R IERHAI e B MiBh 4 (19360385) DB % 521 CTiibi/-.
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A super-pressure balloon with a diamond-shaped net
By
Yoshitaka SAITO', Yasuhiro SHOJI', Yukihiko MATSUZAKA', Eiichi MIZUTA!,
Kiyoho MATSUSHIMA?, and Shigeki TANAKA?

Abstract

The lobed-pumpkin shaped super-pressure balloon is able to withstand high pressure due to its small local curvature
of the film being independent of the balloon size. It yields the small local curvature as a bulge among adjacent
load ropes connected between the top and the bottom fittings. The small curvature is also expected if the balloon is
covered by a diamond-shaped net with vertically elongated shape. In addition to the merit of the small curvature, the
method using the daimond-shaped net has following merits; 1. the weight of the film is reduced since a weak but light
film is able to be used by covering the balloon with a fine mesh net which mesh size is determined without depending
on the gore width, 2. the deployment problem known for the lobed-pumpkin balloon can be solved due to its lack
of additional films, 3. the capacity of resist pressure is not reduced due to the manufacturing error, since the local
distortion of the mesh size does not affect the global balloon shape. We made a small balloon with a 3 m diameter
using a 20 um polyethylene film and a Kevlar net, and performed an inflation test which showed an expected burst
pressure. We are going to make larger balloons for the ground inflation tests and launch a larger super-pressure

balloon as a part of a tandem balloon system in 2011.

Keywords: Scientific Balloon, Super-pressure Balloon, Membrane Structure

B =

Lobed-pumpkin B D 2 =3 =7 L v ¥ v —5IRPFE IR EZ BT E 2013, 5AIK7 4 VL0 /T
PR ERIRORE S EMTITNELTEL 05 TH5. Lobed-pumpkin B 1L TF R o T 4k 2 45 5
OU— FE—=7OBIZ7 4 VAZEY)HSEEZ LTINS REITMEEELFEIL Twa. SIRICHEHICREY
ZEROMAEFEO Ly bE2PE, WH2L 74 VAZEY)HEIELZE THRBOMESMHETE S, N
ZC, WHE 74 VLADOIEEMIINNELTEIEDNTELRD, 7AIVAIIERISNDBEI/NS L %
D, BNTANVAHFHATELIE, 74 VAIHREZRITZULEN 2 EROEEEIHIfFcE22 L,
BUEBGEORBENME — D IR E VIEMRICHEEZE L 2wl L, EvoZX )y F 3B S. 20 um JE
OR)VIFLYTANLDOLIZTr 75 —0—7TRAZHEZ WA -EZE 3 m OFIKEAEL, BWiRBIER
BragiilL-& 25, oOREERZIEHET L2 MR INL. 5%, THK, K[ERO KR LE D H
LOWERERE EIT 5 LIS, 2011 SEEICIE Y YT ALK O A== T Ly ¥ x =GBk E LORMIME
B Z T L PETH 5.

BERE  AEBIHSER, A—1—=T Ly v r =53 G

VTR TE B TR TR R TR
PR bR A AL
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1. FUBIC

R R IR D UIAL & U T fiL 220k 78 i 78 B 5= 1 B2 E 20T (ISAS) THIZEASHE D 51T % Lobed-pumpkin
BOA——F Ly ¥ % — (SP) &Ik [1] 121%, EROZEME, SIk7 4 VAOESE LR, SERAEIOER T %M
FHAb e EISHED TR S TV 5.

B OEAEMEORE L L, WEERICESICBEMTADTRL, FDIC OB A REE 2D, R OIIE
PEREDFEHE T & R WHEOME TH 5. ISAS DRIRTIE 2009 FIHFH L 72 PB60-2 KERICBWCTHBH L (X 1)[2],
NASA ORIERFEBIZ BT D 2006 FEDORFAIZBNTHHL T 5 [3]. EHEMICIEITTEDIEL L, 74 IV2A0EDIL
PREVGEICIMHLLTWI EASLNTEY, BUE, ERW%iEm 4] 2EDONTWLRETH L. 1SAS KK
BkFEBR= TIE, Lobed-pumpkin BIO TR TH 5 FIKEK [S] N THA V2 EET LI ETINEHET LI L 21
FTLTHEY [6], NASARRE LT A VA &P LIBIRET 52 ETIOMBEITHLL TS [7].

BIFE, ISAS @ SPRIKICH VLN TWADIZY Y ¥ED BH2S 74 VA THAH. TDT7 4 VAlZ, H0I2H 5 EVOH
ErAuy, BXY, R)ZF L U THHICHRAL S BigE Lo, BEE25um D7 4 VATHS. 1SAS DKRKIoOY 1
TLy vy =R THOON TS 20um DRV ZF LY 74 VAERKET AL, HAHEHZ) D7 4V AEEZ
ALEWA, BH25S 7 4 WV ADFBMMNT K, GIRABREOBMIRE A . BH2S ORI SH 72 ) ORI 265
gem? THY, 20mEDOR) ZFL Y7 4 VAL 186 gem? THAH. F72, FIEMREZZiOMERERREKSENT
W$ % & BH25S O A58 O MEEATSH. —JiT, BH25S 74 VA%, FlXZREITIZFTV DA 25E1C
WL D, T4V Y= VTR Ty Ty — VLGV ERIRTOBENE W OBEICTHAY»D 5, o
T2REDH D, TENE, ERPOFAHLTEZR)ZF LY 74 VAR W0, ZO7-DICI3HEHEE 5.8 5128
EbxHV. [EBELDLD, WLl 2074 VAEMHLTWIHAHL. bZ2d, HIko SP Ak
&, a7y vy —S5ERE T AL, AERERSEW (1]

T/, BAECEBRENOEDDOTHL. U—TORIITMENEL, EFHMEL YV DR Lo E, Tou—70
HMAoRAMINCRY T o L &), Z2oa—7OWMoO 7 1 V2R L2572, ilomEEEL) b REx%
Mgz &2 (M2). ROMLAGGICEENNIRESHAR, ITHEOF =Y —ThY), —F, u—TOEZF
TTMRENIBLICHRIKORE S TEE 2720, BREINDZUERIRERLAIRKIIENS LD, HITEEHFTELES
AR Im &3 5L, FH300,000 P DERIKICBVWTERSINLRESHEIZ 08 % TH Y, HHAMW L WHBIZIA -
TWwh, L7z -> T, KEKIROEFHNI Y25 TIE, CoORE2EDCTIENEZ ZETLLENH 5. R L TR
ZT5FHE, ChH0BEZVTNOLMETL200TH L. UTFICHEBEOZH L, NIKERE v 72950080 &
RERT.
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Cross Section at Equatorial Plane Cross Section at Meridian Plane

Irregular rope
rope rope i rope rope

777777 Expected
L1 normal rope .
position Ny

- Irregglar rope
position

2O0-7ORRERVELOBEE. L1 &UHL2DHEHFRVES, O—THEHDOT 1 IVLAOMEFFERESHZ->TLED.

2. SP RERODEMEE

Lobed-pumpkin BUERASNEICTT 2 5 DI, 74 VA o7z ix 235 Bl EF Nz o— Fo— 7 &4l
BlolRAZNICEZ, O—=THBZONELZ5720THDL. T4 NVLAOMFBPLEENSICWSLZEICED, 74 IVAIC
PHENEHERTEL LRI OMEDOR) v N TH 5.

T AN DA BIRT) T BHEH TR DATH Y, 74 VADOFITHMERLEEE R, RIRICDDEWNEE Ap T
%k,

Ttitm = ApRigcal (1

Thb. 74 NVAOF[THEFELFIZEHICERZ ENRTELD, 74NV ADF]oR)EE, LEGHED» S LR
FErENTL V. =T, a=T DD BRITDH T 13, RIRDAENFEE Rogioon 5 5 &,

Tmpe = ”szalloonAp (2)

ThHY, REOKREEZELEMREPSHTEEEY, 74 NV 2QRFIMEFLEFICKE L v, EROZIREFITI,
KIROKE S ELEME, BIY, 74 NVLAOHERIS, ITHBIOu—THEED, ZIrou—7HE B
X, JanvromBELEEEEDTEI.

ZZT, ITRENLL, u—THREEMO L EEEEZ CHL. WEEEEREOOu—-THEZ DL L, T—
TORBIIHINT 225, —ARDHDICERINDZBENRIT L7720, v—ToEEEICE/MEEY. 22T, 74
VADOHEFREEEF—IC R, F—FEE %225 OB, 74 VAORENELRLTTEX ) v M3H 5.

CORMBRIUTOIIICERILTE S, M3 DOL)ICKRE2AOHBIIE—7HEESN, TOMICT 1 VADPIED
MLTWAAEEZEZTHDL. 74 NVEOMEYEEL , TONOEMEZ 20T EHL, RNOREIE 20, ZORESE
20CTHAH. TIT, Frsin THAH. MEPRIERRPSEOLHTORES T TENSELILNTE LN, TOBED
TANADROEALZE R LIZONK 4 TH 5. RO F5 & MO /), HEINE LEEOW (0/]) T
H5. MFLEPFERICORTFICRECEIIMEFRORIIBBLEHLL, MBLEEIEORE S D55
L7z Tldn/2 &2 5. A—oMliFEEORE, 0—7HMBEIRCIPMORES LEEOHIVNS L, 7 4V 2 OHIR
WYL % 5.

ZZT, ITOMREMEBELELY S HoAS L Ur ~0.) BETIUL, BUE, ISAS 24T-5oTWVAH LI IZT A VLD
ROMLDEZZE L TRERZREET LD, 74 V2OMUPLZTTREZDORSOECEZRINTE S, KENTT 4V
AN DB EDPLTHOATERBOERTH Y, TNV EEIOREWEN LBV EHERL, Z0lrob A
Vy bEH B, ZOBE, 74 VADOMTRLAIROMIEREEE, #E ADLIITETMETE S,

MHEMERE, ) ¥ ¥ —SIROBIERBC BT 2R L X4 OBRP SHEET L EDTES. ¥urlby ¥y —
SERICHWON TS 20 um JEOKRY ZF L U7 4 VA, P 15m DY) ¥ —KIROBIERERC B 2 BEREO
O 9 %, —EREERE (BRIEZ FEPETR L) 1&22 MPa TH A, 4 205, BEREMOICBI)T20kE
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1.6 ———
Arc length=2r60 i
S L4f
\ Chord length=2] , =
\ / = I
\ / g 1.2
\ / i
\ / o I ]
\ / b~ L ]
\ a 1.0 —
\ 20 / I ]
S P R I PP
N 0.0 0.2 0.4 0.6 0.8 1.0
v Normalized half chord (1/r)
3: MR EZR OB 4: MR EZRDIL EZRDES EHMFLFDL & DR

5000

2000
1000 |-

500

Burst pressure [Pa]

200 — —

N N RO B PP O
0.1 0.2 0.3 0.5 0.7 1.0 2.0

Rope interval [m]

5:20um BERUIFL> T 4Iv L% AVEBOMEMESEEO— 7 EREOBERFR

WO (r0/) ZRDBE, 0652 THY, K5DLHIZ, u—THEEMEEROBBRIRE L. EE 35 km 2R
% SP Bk DKM X 100 Pa FREETH Y, 50 cm D T — 7 HIFE CTUHEER IR LT 10 fEOREREZ -5 2 L s
T&X 5.

3. 302Dy MDEIICHALO-T%pA5E 28 EE

DX, u—THBEERLTHIET, U—TFOEREHPLTIELL, 20m EORY) TF L 7 4V L))
HTEDLEINCHRDIEDR DR, —HT, BMIZTTIHELMDTEMET 2L, WEDPLELRLESHIHIAL
BEEAEY), BUEBRHOMKRT L. ThEMBETL2HEERETS95, RenkH%k, #HoA v MRicu—7
FRATRIRICPSE L HEICADS D2V Zory ML, M7 00X s e, BICKT2ENT— 7O
MOBEEL D DTN ni6iE, HICIETFEOMAMORESDELTH/NEVETADPKRL Vb THE. D
Ay NI D& 9T, RIATTORICERTLIENTE, TTNENDTEIENTEL. ITTADERY +D
BEix, T7TORBE Ay FEEERT S -FIMIofa—-TE 2FET 20TV, ZOHEO-FLLT, B—
TR ZFLYOT—TEFEVD, ZOT—TERIREEZMBETLHEVPEZONL. 5B, TOWMETI,
WOEFIIEROT —TERELF—THL572DT7 A VAERTELGLRTRIKOSFERIIETES. 4, -
TORSOWEAEDOEEIME—>—DII T 5720, 2RBROLEBIIEES T, WEEENOEEIINS .

This document is provided by JAXA.



REERW A 29

6: 1E-oE<L Dy FETLREKICAIEEZ A.

Horizontal
Expansion
] + —
Film Rope
7322 Dy FOBE BICETBEOMORSELD 8 E->EL Dy FOKEITADIZY DT,

INEY

4. PEISKERIC & B EREEAER

4.1 PEIKEROTH

ARFEOFID /20, HE3I m ONIGEREZBIEL, Wik, SuEEBE L7z [P IRE, + 47— oM’
EOVHLZLODIEL /) THY, 20um JERVZFL Y74 VA ZFNT, AE783cm OITT7 12 E 71~
V= ATHEHLTEMELZ. g, FEHT19.6 cm IR & % 2 BHI6EE 300 R For 75 —u—7CTlE-> 8%
PEEL IT7T KD ITHEBIE 8 AR, WHIZ4OTHL. K1ICKIKOFILERT

42 HERBIE

CORIKOWIE, BUEERE 2010 4£4 H 21 H, BAMERRSHANT I TS o B THEG L 72, [RIKOBEEOR
Tx 120 ETOMN3 N, BXY, E2rSD4 FMPLEFFHA AT T L., S L2 h A 508
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RLEZE3ImOIE->E KB (NPB001-1) DEEETEETT

Rk NPB001-1
SHE (m?) 9.3
B (m) 2.99
2F (m) 3.92
5 & (mm) 1790
I 12
I7 £ (mm) 3920
&K T T IE (mm) 783

7 4V A FESE 20 um JER) TF L ¥
O — 7 OEAERD 5 O (mm) 10

O — N — 7 (1bs) 300
M — 7% 96
e — 7 AT (m) 0.5

AR T — 7 [ (mm) 196

r((f* f(' '\1*‘H

- -M“ﬁ !’

9: IRRERTDTEK (NPB0OO1-1) 10: R U =&

DIEHDRIKRT 4 W AII~Y— 7 2HE AL, HNEIC L2225 LI, @R Tl s, i
B HHMOMRZFHIL 72 KIROWER, ARSI 22EDA—- P XY REFNCLDFRIL, 2oOEE
1 BHTLIZT—sud— Tk L7z, BRLZGIRORTZR 92, BT 2K 10 12R7. [EROBEIEE X
2460 Pa TdH - 72.

4.3 7 DRV R

RERICH 11 D X 912120 BT OHENTZ 3 DO T 7 OFRBEIBITHE 10 cm, #E 10 em DREDI—7 AN, TOREE
DEALE, ZOHRETOMERZFHIL:. [EERRIC—F 2 7 L20, ESOMMEORE XK. K 1212,
Me~—27OBfRERT. v~—27 21 CHL T, MHOPRMETEHHIITE 7225, ~—7 1, 3122V TIZHEH DN
I LTz, =27 312200 TIRE—7PH S o Tniz7z0, IEROFHINETE Ld o7z,

13 WCEIM L 72 E ) O RE 28L& 7337, 200 Pa, 400 Pa, 600 Pa, 800 Pa & JHIZ LIF, 40 4 REEHE L7214, 140
Pa, 800 Pa lZTRMAI L7z, #iZE £ 21TRT. MizE, 05 ~3.0m OMEER TEHRUL 7.
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Mark1

Mark2

‘

Mark3

11: ¥ — 7 OfLE

E12: ¥—VOME. EHSIRICY—71, 2, 3 DAINOEE. [KEOFEICFEPA->THY, T7EOFRA,SHHES cm 5
BNRICY—I P A->TWVS (R, EXME). BWREFICBZLALD, ERLTVWSE. Y- 3OHEBIREO-THHEE>TH
W, EAROHEOSUIETEEh, > L.

REOBLZRIROWNEDOEE L L TORLZOHNE 14 TH A, #ETNED T2 RBSENDB ENSIZONTHUT
WA, fERTOESDZEIE V. SREFEMICASL 0, v —27 % 200 Pa TOMETHBILL 0P 15 TH 5.
SROY = DF =5 2T RXTHST, BMTT74 974 Y7 L2ONBNPTOEBRTHY, BILLZESEZ L K
EROWILEE p[Pal LT 5 &,

[=0.989+4.6 X 1075 x p (K F 1)) (3)
[=1.000+0.3 x 1075 X p (KEJ7I) 4)

Thb. FHUIEEZ 1mm & LT, —KOBBOTE (1o) ZRHIEIT 5 AT 1.4X1075, HEA13X1075THY, #o
MPRIAETHY, BHEIMOI T WEEFETHS.

14 IZBVWTEIORENTWEY— 71340 5o %THIIL72bDTHS. HiETT74 VADRIDEA
WBNEL 7)) —FIEEIEBEREL RV ENDRL. TAVLOMPTEHELTS 5% UTTHY, 74 V20K
BN %) K D/hEwizd, 7)) —=TI3hsnweEzons.

16 127 4 VA DOMBLEE EEOMGRERT. HMHFROMBPLERIERIRONENERLIZON TS 2D, #
HHOZENEREL LTS, 74 VAOMUE WMFPLEOBRIZN 4 OBRICHD. ZOMKREHWT, BN
OMFTEPLEN0Sm LT E R M ERDD L 068% UETHY, EHEMTOMBRNG) 2 HTEKIROPEE KD
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oot"\““\““\““\““\““

13: RABRPOEEZ(E

5& 147Pa &7%%. 200 Pa, 400 Pa DR TIE & ) KEVIIFCEENIGHI SN TB Y, EaICMIUBIRICIZ S8 % 5 T
WhholbDeEZLNL. —J, 16 DEDDREINTW5S I 40 R HBEOMETH 525, 140 Pa, 800 Pa M
75 OWEETORFF O ML 0.5 m DFICELLTwa. GHIC2 2 5 2 WREDOMHOIZ L ) 7 4 v AIRIEE
L, ®HEIIIEMIUBRIGEVWBICE b E V2 D EEZ LA,

T/, FAROFEICI VBT OMOERDLE 5% L Vot KRELMONH L EZHDH, HUEOFHIIZXY,
OEEWNTERVIFENSVZEHHLTVS. LAaD->T, TH5IREICHIBRICER> Twhhrozd
DERDbNG. 40 HRGBHOWEMITHEMEINICH D, THESHMOITI Y IHUEIRICE D EWBICEE Lz D L
EZoNb.

HREHOEEE 800 Pa ICBWTHEHIIL 2L 25, 9330 mm THo7z. TORESIE, KELOIT7IHEOH, 9396 mm
0307 %NSV, SRR NIRA - 72572012, KIRO TFHRAMORE S L @1, Thiitic
HRELFL o722 LIGER LT, SHIOMIIEHOMFEAT S0 cm TH D, #EFNIIARET TFHIYITIE 20 cm
WCIEASA. ZOB, WMoMFmMoRSIE2 % EHENs. —F, ZOMWETIE, #HOPHh-o> T gk
LT, BROBLTWAEOZEBIICHATIHIL TV, #£oT, MTHESNTVAERIEL2BOKRE ST E
SITNE W, HIEFEPEDNSOecm LT THEHE L2b0SR0A, IRICHEPRE260cm THo72E 35 EMTHRESN
TWL2ITE > BORERIE, BOBL TV LEGEZHEMYISHAZESID S 1% /&L %5 (W#EHB). &b, 2
DBEOZREMEDHLPE T A VAL % E%5505, KB 2ORELZTANVLADOEIMPRIE4E1% %D,
MEFRAEOHH TR L TE. FLODLE, WIRILD > 72720 I THESN TV EEIROKE EA72 % /I
LR, FHUOBICEED LTV A0 2 EBRIICREA DI 1% BEHRIISh, #EE LTI THEOMEY 1%
INSWESHIE SN2 DL EZ LS.

44 7 4 IVLDEORE

R2obbrd LI, WEHOMAEMOKEZIE, FHIETHo7 BAEVIZIEMFPFIIRELLLLDOT
EERED BT D %235, 22T, HREWICH 2 48 HOMHDH H, 22 HIZOWTHAFMDOIEEZFML 72L& Z 5,
K3 ORI,

17 \CHEG R ERT. FIRAGHMTT A v T4 735 P 20213 mm, ME50x14mm GRER 1o) &4
5. PIMEIZFERHME 196 mm L HEFETH L. SHOKRIKICBWTIZ300mm 22 53T 7d2 2H o7z —2id ki
TSN TWBE LD, b9 —2IF, BIEREFTTH 5. 300 mm OIFIZFEHELS 26 BN TE Y, 300mm U EDOTT
BoMFHEiZ 22 TH s, ZHEIESHOSKIRTOEMNMELEL —FT 5
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Differential Pressure [Pa]
16: 7 1 L LDEEFF EEZFEDRRF 17: {E OROHEES

x£2: 7 1 IIVLOMHRY, BEOEL

72T [hPa] 200 400 600 800 140 800
1 #iE X [mm] 102 104 104 105 102 105
1 #EE X [mm] 100 100 100 100 100 100
2R S [mm] 102 101 — 103 102 —
2R [mm] 104 105 — 105 105 —
3MEE & [mm] 110 110 114 112 109 110
3HER S [mm] 102 102 102 102 100 100
1 #EM=E [mm] — 900 950 1100 950 950
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£ 3 FEFOFEEOEAEOIE [mm] (F15 196.6 mm, 1Z#{FE= 10.5 mm)

WHES 1 2 3 4 5 6 7 8 9 10
I [mm] 312 256 166 128 237 224 125 203 208 158
WEEFS 11 12 13 14 15 16 17 18 19 20
& [mm] 103 227 205 175 225 264 168 154 208 225
WEEFT 21 22
& [mm] 150 205

45 BIEE

X 18 12, RERBIER O LA %273, B IE 2459 Pa TH - 7z, BHEEFEFTIE, AHIEAY 300 mm D - 725 D I
DIEVHEE DR ITH -7z (X 10).

M5 ou—7HkEEHEOMRE VT, BEELROTHRS. MHORGROMEL 03 m THo/bT5E,
B3 1800 Pa, 02 m TH-o72& T 5L 2600Pa &%, MHOBAFMOMBIZ0I mBEETHY, TIhLKREDLH
HEFEAE L DA LS (BEEFREE RO 73 %) 25, FRETH 5.

TREFEWE OEVIE, HS5 TETANVLAOMPMPEDOT—5 L LTTY v ¥ —S IR TOFEEZ 722 &
SRR LTWRIRESH S, V) ¥ ¥ —FERORBOYE, 74 VA LIS NEMFHORTF M EE & T
12 &%%., —HT, TORIKBRICBIZIENHEBZORERFL T2 LIZERS R, 7 4 0 2 ORER i
CWRIB ORI L TB Y, 23C TOMG I EFEL 2 —H5 [RRBRICB T 5 20 um R Y TF L > ORI IE
1359 MPa I33E T 5. ZOMEIXR 5 OHEETHBTWS 7 4 )V ABREE 22 MPa @ 2.7 f5ICHS T 5. FEll S -
JEIE 7 4 )V A8BEDS 30 MPa THIUTHMATE, ZOIBHILOENTHIATE 2 W EEMENE . F72, 40O
DOEIME ISCRETH Y, U v F—R[EOREGHIL 10C ThoZz., MKV ZF LY 74 V2ARIRERHH SIS
ONTRHERMFE TOMUDPKREL b, KIS, BREMOD10% 25722325 E (10C TOMIZI %), X4 25K
FLMEEORSOIZ 0681 L7420, BRABENH—-THL%56IE, 4% KREGHETEL 25,
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18: BERFHEBRPOEEZ(L
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4.6 EREROEED

RERBFIZED, PLUFACHBA L7,

o HAILAS B HFEA—E T4 L, BAMOMABRIZRERICBCTIEFEMWIZIE20em L4225 E2HH, BEIC
EoTiE30em Bl o Tz EERZE T 5 LTI, CO5MOFMS KA RN LA bho 7z

o B, WHAR DL o2 TAL (K 10), 287 4 VADO—EAME SN, RRIICHEZICES 7.
* 74V ADY—7 OFHINZ LD, 800 Pa FIIIFFCB VT, MHTIDO T 4 VADMPIE 1 % LT THo72DIH L
BEH IO 3.7% LAETH- 7.

o BT 2460 Pa X7 4 W ADREAS 03 m TH o 72HIHIE A DFTFT VIS » 55515 1H 1800 Pa & [
BETHH, EFNVOMDIS L SPMRTE .

5. &8O

Fo 3Dy FOXIIMATZT—T %, F4F7—OBMNEORIKIIPSED A —3—T Ly ¥ v —53kiE,
HICEAOAREEDL D %L, 20 m JERY ZF LY 74 VAHPFHTEBIZE 7 4 VANOERMEREIVNE L, B
O, BERGENTIEERRICEZ I, EWIHHE LD, BE3Im OMESIRKIIBWT, COFETA—=TLy
D —GEPEETELIEEFIL, EFAGELE 30 % ORBETRT AIEMRRESEONDL Z EEMHELE S
%, WRAKBOLEkZ BIEL, W ERBREEi$ 2 LIS, RERE, &7 2HkO SP /Fke L TEBIRM S €,
13 B DA BRBE (2 BT B THTEPERE %2 5HIli 3% P2 TH 5 [8].

i

KWFgeE, BRI EHEETR (A [A——T Ly vy —RIEkePu s Ly Iy —KEEHAGbE-ER
MRBREROWFE ] GRETE 7 21686081) # 2 F TIiTo TV 7.

ZEXH
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3] Henry M. Cathey, Jr., AIAA 2007-2615

4] 7o 2L, R, A ORIR, P22 EEERRER Y AR T AR
IR, A, PR 21 FEEREIRY VARV A S, pp.17-20

6] MAILZ, M, PR 22 FEREIRY VARV L gk
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8] AHEITHE, A, PR 22 AEEERGER Y VAR U LS

— /= /| e e
~ N
— —_

This document is provided by JAXA.



36 FHTHL 2L B FE PRI ZE B S8 e JAXA-RR-10-013

BEA O-—FO—JEICT7 1 IVALADRVETEEICEVWT T 1 ILLICECRD

H19ZH b LI, Zo0MU B vwa—Fu—7H (HE2) 17 4 VARRELNTBY, WEILI> THIESh
LR TRIBLTWAEEFTVEEZ S, 22T, 74 VAN NOED2H 5T, Hhmoghiia—

FE—=FI2E o THOAELZLNTWEELDET .

19: U AVO—-FA-JEICRO N7 1 VAPBRUETEAZBALAHZETIV

AT,

(5

OBRYEDH 5. HEIChh>oTwbENE ApE L, BHZTETHE, M19OHNOH)FVELT,

(6)

WY L->TwAE, T, K19 OMICEELRZTNOHY)EVELT, U= Fa—7—KRIIhr»5EN%E T, HEHO

O— Fa—7OliEREER 2 Th L,

T,=2cosa-T-r,

BY o TWh, ZIZT, akold,

ThHhhbizD,

DRSS, Zhel6) 2RAATEE,

THy, XD IRAL, K@) 2HBE,

cos o.=sin 2 ¢

T,=2l-Ap-r,

(7)

(8)

©)

(10)

(an

Ehb, ZoNE, U= Fa—=THOT A NVAIZhPoENPa— Fa—=T0RNJICE>sTHzbNnTwWEZ L%

RLTWAE, ZOXNHIE, 74 V2O PEER 7 4 VA CEIIZET S .

FoTEFHTHD,

hoid, 74 V2 0R1EC
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2Rp — |
r=k— (12)
Thhb. 2T, 74NVLONIEE (—HAROMOREIN) 2k LBz, 74 IV AOMEPRE, »2r5sENEE X

(5), (6), (12) P3XAEHT ZFTHL I LICE->TERT 5.

X 20, 2112, 74V 2AE Q@D 2520 [em],
<,
DB ENIVRL RoTWD, ZHEONREROBAT,
2k 5.

5.0 T

m]

Tension [N/m]

Radius of curvature [
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Deployment Stability of Super-Pressure Balloons
By
Kyoichi NAKASHINO*

Abstract
The institute of space and astronautical science (ISAS) is now developing a new type of super-pressure balloon
along with the ‘lobed-pumpkin’ type super-pressure balloon. The new developing super-pressure balloon, named
‘tawara’ type balloon for its appearance, is expected to overcome deployment instabilities observed in the lobed-
pumpkin type super-pressure balloons. In the present study, we investigate deployment stability of both balloons
by finite element method, and have found that ‘tawara’ type super-pressure balloons enjoy excellent deployment

performance.

Key words: Super-Pressure Balloon, Finite Element Method, Buckling Analysis
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Deployment and Flight Experiment of Atmospheric Entry Vehicle with

Inflatable Membrane Aeroshell using Scientific Balloon
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Abstract

A flexible aeroshell for the atmospheric entry vehicle has attracted attention as an innovative space transportation
system because the aerodynamic heating during atmospheric entry can be reduced dramatically due to its low ballistic
coefficient. Our group has researched and developed a capsule-type vehicle with a flare-type membrane aeroshell
supported by an inflatable torus frame. The characteristics of inflatable aeroshell are not well understood particularly
under the environment where the ambient pressure varies significantly. Therefore, the flight experiment using a
scientific balloon is conducted in order to acquire basic techniques and knowledge for constructing the system of
a vehicle with the inflatable membrane aeroshell. The diameter, mass, and ballistic coefficient of the experimental
vehicle are 1.264 m, 3.375 kg, and 2.69 kg/m?, respectively and its aeroshell consists of a torus which can be inflated
by gas pressure and a thin membrane flare made of nylon. The inflatable aeroshell was deployed and the experimental
vehicle was separated from the balloon at an altitude of 25 km. After the separation, the vehicle flied 30 minutes
without problems. All the sequences are properly executed, and following results were achieved. 1) Remote deploy-
ment system of the inflatable aeroshell by sending a command from a ground station was successfully conducted. 2)
Data of aerodynamic characteristics, for example drag coefficient, were obtained after analyzing a flight data. 3) As
for a structural strength of inflatable aeroshell, valuable data was obtained which can be compared with preliminary

structural test using low-speed wind tunnel.
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