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Fundamental Behavior of Natural Shape Balloon
—Review of the concept for a pressurized balloon and

the trial of a new design and fabrication method——
By

Nobuyuki YAJIMA*

Abstract: It is one of the most important research subjects of the scientific ballooning that a
large stratospheric balloon capable of a heavy payload will be actualized as a super pressure
balloon. Though, the major efforts have been made in order to develop a revolutionary high
quality balloon film, the author is confident that there are great possibility to increase
pressure durability by improving not only the film strength but also the balloon shape
design. For this purpose, at first, the theory of Smalley's natural shape balloon with road
tapes, which is adopted as a standard design of modern scientific balloons, is reviewed from
this view point. The study shows that the current balloon shape is not always designed
suitable for a pressurized balloon. Then a new design and fabrication concept, named three
dimensional (3-D) gore design method, is proposed. This new method can easily realize
stronger balloon than the conventional ones. In addition, the pressure durability does not
depend on the balloon volume. These superior characteristics are quite different from
those we are using now. To verify the effect of the new design concept, a pressurized test
was accomplished by means of a small pumpkin shape balloon designed by a 3-D gore
method. The burst pressure of the small model balloon was almost three times larger than
the same size balloon designed by the conventional manner. The experimental results are also
presexted in detail.
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KART., [EROFEEIE 35m, I7ARABERSZBFOESIE 25me L, RE&EEE 30km &+hiE, Yo
Ly v —KBROBEOEMOENIT P, 25MOBITH P, ThHD, I THEOEMNI, BEBEOZIRD T
1IVLEBEIZ, T4VLBEEN=203I70, YO RE=250MP,, "7V K082 &L/ HFDEHD
K, ¥07 Ly > v —KEROBFEOHBEN D 5 EB LU 10 FOENMMESNZRETH 5. KEHRTIZ
PRDIBNEIICEADA, BREVWEAZRL TNV,
EHERAOREEEBEOREIE, LRV IFL KR T VL LR RITHUTRIINE D, FITHIRE
FROMEINZABEO TN LD SH%E, YOUEE% 10150 2500MP, & L TROTRS. #5813, K
6-(@), (b), IZRTKIIZ, AMUEND P, TH, REOMUI/hI WD, RO HTHBERIIH 3 F12H
ML, F|AL 25 BICHALTVS, BEBREORZENT 1)V AERERTIHE, YOV RSHREDOHMANRER
ATKELLDE, KBEOHMUMAHEEZ> TODRROBEHEICIDFIRTIE, 5IRVHABRB TRINDHBE
DHRERIZEEBROVRNBNZNWI LIS, ZOMBER, —Kwsl TiE, KEOE - BARKIZBNT,
ISHEEAHTHS LR, 8t (Toughness), ThbbMU-REICIHA SN DHETRILF —53, [IREE
OMIEZE R DIEEE 2D T L2 EK%T 5. Tielking Fi, ZOX 3B ED S SBEREKEOFM 2 RS TN
% [11].

4. EXIFRENE O
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— — LS T 1.5 —
13 Film Expansion E Circumferential Radius = | Meridional Tension
5 < 1.2+ \\ e \ \
c ) o . \ < 1.2¢ 1 \
S NS Z N ‘ \ \
2 U 2 \ I - ,
.g \\\ S 091 | \ 2 09} | |
a \ | a. :
: \ : N \
- \\ i 0.6 ~ 0.6t ‘
- P ' Pressure - \ Pressure
ressure 0.3|7(| 40Pa 5 03 |5 40 | 70Pa
40 \70Pa
R S 00072 22 36 48 60 0.0 0
0.3 0.6 0.9 1.2 1.5 i 0 100 200 300 400 500
Bulge (X0.2 m) Radius  (m) Tension (N/m)
(a) (b) ©
5. ARRKEBMOER LK.
(a) EROBAAROESH. (b) BAMOHELEDEL. (c) BBRARDERN.
1.5 - — s — RS R— :
E k. Film Expansion = Circumferential Radius | E Meridional Tension |
\\ ~
g 12 \\\ e 12 5 12
SANNN s S
FREL . 2 09 8 09}
£ | . Pressure| £ i
Z 06 £ Z 06
wo 40 \70 \ 140Pa o 0 o
\ Pressure i b
| Pressure
0.3 \ 030 140 70 40Pa 0.3 40170 140Pa
08502 04 06 08 1.0 0.0, 55T 5 a8 60 0.04 3 6 9 12 15
Bulge (X0.1 m) Radius (m) Tension (X100 N/m)
(a) (b) (©

6 VVI/EOKEL ) BEORBROERLEEN.

(P O#£(F, B5DIBED 10 )

KIZ, HBOEWKRT, ZORBARUCENT1IE#MARICIOASEMIINEHBEEEZS. MT-QDLDIT,
WAL, CERICEVWKEORRSEX ARICIIERIZEIIZEIICEAEIN TS LT 5, ZORETELM

b, 1 #oHOBBEMBUERD, EEER, THIMRKIZE ST, MM LLO 2@EMOBRE L DB
BT, BHET, KEEXZE2h, EH%e, YOUVRZEETHL

T=P-'R, 13

=¢-E-h 14

e, OFH0I, RT-OOKERLDES ML DI,

e= (L—L, /L=1-—sing 6 (15)
13, a4, anxkLo,

sin (1 —sing/0) =P - L,/ (2,7E-h) (16)

AEOSND, ZOUOREWZTOLREBEIDCEBRESD. Y/ £% LERERKKRZ 1 VLD 250MP, ©
BEE, FO 0B 2L500MP Iz LAEBEOEAERICEZNT 2EBEOMBERBIUVENOEEX 8 ITRT.
5 P, TIZBHE¥E 6.Tm TS 36N - m, 40P, Ti3 35mT 139N m, T0P, T2 3 mT 203N/ mTdH 5.

2EHEEfR E DEIIENT %R THD, HATHOEENKEVWIENND. B, REIREMET 28
1, MU 2EAMICHEETH DD, A7V HOEBILOREN, Tiabs, R (8) TT=Tn=TT
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B, g,=ee=eTHBMN5,
=T-+(1-v) / (E+h) an
&80, FLEAFv=08 ETNE, YOURER 1 SOMTICRETIE, 1,/(0-08)=5 &40, 5{EkEir
BERo-ZEITHYT S,
PERDOGIHRBEHETIE, T AN LOBUHSEHREICRE > TVWB I ENEETHZZ &1L, BUBELRRTE,
SHRZTOMUN 2EIEMTH O, P OBEDOKKTIE 2MOBDO THOESNWTHEIRT Y VAR Z VDT,
SERDOTHERDE LAGHIT SN TNB Z EN LERDOBITICL VBSOS HERS TS,

s

(@) (b)

7. BERICEWT 4 JLAD 1 BhEEM.

20— 1000
E " Young's Modulus (MPa) =

167 | 1 > 8007 .
o \ < - Young' s Modulus (MPa)
=12 \ S 600} 1
o i ] ° I 2,500 T
o h [7)]

s—\\ 2,500 S 400t

N 1 - I 250

ﬁ \\\\\\ifg_* : wo;ﬁi;f///////’

0

0 20 40 60 80 100 0 20 40 60 80 " 100
Pressure (Pa) Pressure (Pa)
(a ()

K8 HMRICEWT 4JLAD 1 BEEMOMFEYFE S RERN.
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4. BREIZKOI=HDRAK

O—RKF—72HALEGRE, O—RF—7ORTHEOHBTICLSTIZH SN UDBRERETE L T/hER
BB EETHEICE S A TS Z L5, Smalley DEFINCH E T ARBIAROBERTERT LI LEHS
WL TEE FLT, BEOGHRBEANIOETINERRERRDLILEEHL TS, TITRE, EO&D
T 3RS AT 7 2 EBTE S, I7 OREHEBIUVIREERIID THRNS.

4.1 3RFTROESHERHEHHOTT ORRRE

BEOHARMSIREFAREI, 3KRTRICESHE2FOEROT 7 ORI, Smalley DEFINEHLITK 9D
ESiItEIhS, NP, O—FK5F—7OMEBETHHITROEBOMEX, Y BIUKEDRTORERL O
BYEER . BLUOTOEEAO T, BHEOEARBMGIROHETROSNS. 3XTI7IR, MOLIII=D00
—kF—TEFEE<HMELTEHEEINS. ZOMIMIL, YRKERHEERL THIRDELTHS, ROHL
PR OB ERE R, ETHE, IASHLSMREIIZ, MlOKRSE Lald,

Larc: 2+ Rarc 9, (18)
THs. ZIZTO RHIMOBMEADEATHOT,
0,=sin"! (L,/R,) (19)

THbH., T WBEEER, I O—RFr—HOEREREOETORIL, LD BREVERDOEER
N>5%. FhbbE, O—RF—7OEEENETHUT
L,=X-sin (x/N) (20)
R, >=L, @1)
Eiss, WRIZIONIE, 2.20 (2) (b) THRRAEXDIZ, Lac DERAENFEMORBEOHEIL D PP/NEL
BBEIICEIIND. Rau DR/MED ZOBBENSEE S, EBITIT, WEDERESTEALRMELD KEWVE

ERAD.
v A

GORE CENTER LINE

dimeri

X
®9. 3RAIT7DHEE
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RucZRODE, TOBRRTORBIIMDDENNS, EBICRET 2EHOEBRTREE MENESN S,
COMBREEZLEL, TNEDDBO— RF—THIOEMNENVEROT 7 OB TIE, 72 TREIC b3 E
NERMEEOBNRNNS, TORFCOMBEENRETES. Z5FTIE, KEOBNNREDEFTH—8lh
K[ERBEBTES. 2—N—TL v +—KIRTIL, KEIZMODSENZIEOBFHFTHIEIF—~ETHEDT,
Raue ®—EME L TH > Tk,

EAEDBIRA S, MBI EOROEEHE d, LED BB DR MU BEOHLROBNES d L e 12,
UFo&k>iTRE 3.

ALpes= (Logty(Re'=L7) ) + dby. (22)
ZITL REEOBEODHLEEETH- T,

Lexp=Rac* {1 —cos 8,)} 23
THD. T DOHLRDES Lmer 13, [IRDHABOWKFHE 2 KRERH S HAICHL > TRASET 28
BTRMICA Luen 2RO LTRES. 2L THSNAETTIE, BIN L men, WA La 725, ROTT
&, RSO —-RF—TORE, BEIL, TH205, ASHIC—EIDAZN. Z0OZ &3, SROEHEOM
m SROLTMEKEROMMEERT S, K1013, EFHRE/S TF L GRICOVTITEE /NS A—
FERHOEBOEMY 2 RDEBDTH B, T7EA0LULETHIUL, ERBOBNT 0% U FIZIEES.

4.2 3RTMLEERSHER >LITT7ORH

4.1 TRELATTIE, TOEETRFERTHO T, BELpes EMEIEL are 13 3 KTKROME S 5 % 55 7=
TOFEZEHELTWSH, I7RAL2EETIEOESE, RROBINECLZLOLABIC, T7 O
DERILDEND. BLIOFE, I7ORDESLAMLO—RF—T2HVTRIREENT, 191 TRTNE
RUTEDLITHS. 2T, Z0BEO—KF—FICHEATEE, M1l 0X>i2, REDEHRICH > T
DEVBSHEETIL, I7OBROEET D, 3RAITOEIICAKTS. EREIL, KIITBNT, EANC,
EHEAIBEDOO—RT—T DD Ry dO n& TT7HOBROMS TH B d Lo D TH 5. EHEIL, 5
HROMBLEINNS OEBFFEREL, ELITTENBTNUINEL RS, N THOGRIZBIT 288121
OIEMBORE, O—RT—TOERENTA—FLLTH12ITRT. 20K, BHAOKL, F T
BNTFTHRTHD, BREMCCHLEBRBHKRTHZOT, EHEISROAS IICEFELIL. <10
—RERIMOOLZA-N=T Ly v —FRTH, ENNEVRSRIFCNCENHRTHEOT, EBED

1.3 T T T T T T T

SURFACE AREA RATIO

L I I i I | 1 l
1'010 20 30 40 50 60 70 80 90 100

GORE NUMBER

10. 3 RFTEI7WEHICL D ERHEME.
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SHROBETDH, EMBIZOBREDEELEA TR,

HLI7 B L TEIE, BI13IRTEIIC, BNI72ERO/SFIVTHEEL, &/8F)VORBRETIV
FEsEBROTESTIE, BT 3RTNCESAEFS LI THERTES. ZOHIER, BIROTY
42D—DELTHbATVNS., LAL, ZOHEEZREBASKICHND 283, BAROKBRERICILS
WMETEROBMEGROBEEOET 225 LIFEL <aW.

7% —REROEETERT 1L, ABEI RN TITHE L THENIEBTEZR T THS. ZOH
12T 7 ORI S TEAD RSB LTI, ZORMOTIKBENDOEEZ, ALHAOKRIZIFRALUTS
AEE SN RS> TWBEDICELZHBDTHENS, KFEAMNRE->2D, BPLTERZDEIK
OMTERVRVISEHEFEOREREZST, DLARMIE<Ho TRENKEVEEITRN,

2-D GORE CENTER LINE

(LOAD TAPE)

11. 3 RTI7 DRIVE.

0.3 T T T T T T T T T
. :
= 12 GORE NUMBER
o
o 02 1
=
=
=
o 0.1 —
O
xI
(5]
090 0.2 0.4 0.6 08 1.0

EQUATOR APEX/BOTTOM
GORE POSITION

12. I7ORRAROERHE.
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LOAD TAPE LINE
(EXCEPT HATCHED PARTYS)

X 13. #HEB/IRIIBERICL D 3 RTIT7 DORLE.

5. ZWRIEFILREKICK DRET

5.1 3RAIT7TORRE

3RILIT HRICK > TRIROMERFESNNICH LT 200 %, NHOEFIINGHREREL, BENTOMEE
BICLXOREEL. ®WETD ETROMEEL DT, BENI72E0LIRHETHEFETERLEMNS O
—RF—TWEETLE2NTHS. FE, 1990 FEICHEISED SN AHELLKROBMESERL, 03 kTIT7
FROBANBES TH D Z LXKMWV, COKIRTIE, RBEICEWF O mttzHY, T7HEIRI O %
WTHAL, O—R7—7R3I70HNEDBRIZH> THALLZ. ZOLIHERTIE, 3XITIT7OREHT
—H%HE, HONUHIATOKEO—RF—TOLIZ, BWIZRbEAREUBICHHZMITEE, I7
KEEFEASSHER L ZEE T, 4. 1 THRRESIRTITT7HNBRBICERTE S,

HERALZFA O itOtRER 2 ICRY. BNBREIIEROTRARY IFL O EBED 10 5% TH 5.
5.2 MNEEFIILOLE

RELAKRE, MESMOREDOHZBMNEL TWBEOTHENEDADLENRN, 208D, FEOE
BOERL, ETHRONTFROBKE L, RETOERER AL L5m, O—RF—TOAKNIT 12 4&
L7z 1990 FIZR—H 1 XDOETFINZIRERRDOBREHEICEDVWTEEL, MEF X h 21FR>Tns [12]
(73], WMHEBOLLEI 3 RITHEHEERAT D L TEHTHBDT, ZOVA XE2REAK

il ETI, O—KF—7OMOERIZ2 R,/ N=079 (m) TH3DT, O—RKF—FHICEVHTITT
OFEE, TOFEFI0BDRMERTOSME LU TR L. ZOKRKRD 3 RTFFHEC L DT T OFEEREkR
DI DFHEERIITRY. EROBEICLZ2TT7OFLROESINO—-RF—TOEIITHYSL, 4. 2 Tk
&I, 3RTETT7OBRDOEIEZOEI ALY TERT 2.

&2 FAOCHHRIKEROMLE.

R (F03—5 1 > 78 130 x m
B ER 80g/m?
TR (20 £ O) 7.5kgf/cm(FEFEH)
#7 10.0kgf/cm(ERI#)
i T 30%
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&3 IT7DF&k.
PLEOR S B8
IRFEREHEICLBTT 435 0.48
HROFJEHEIILZTT 3.92 0.40

O— R5F—F 121, MDD RWS T I5—%2 M0, BEES P O FREIR, ® UIMEEER =05mAE
BTETOIUE, Pumax= Tma/Rc=10,000/0.5=20,000 (Pa) =200 (hPa) &72%. TOHPHI 1 E0O— KT
—TIMbSENTIX, FEETEZNT, T=n R’ Pruw/12=11800N &722 DT, TEHBEETHRE 3500
LBS (16,000N) ono—7ZMAWE=. SERAOEFIX, B4 EPETHROBEEMNRT LI, HBITR TS v
FAZ OSBRI, 1 x0T THEHEEEL, fHE THBLETEE L. K> THEBTIR 125200~
TRERDE S TRELEN, BRI EN >/ 3RTITTOETHLIT7 OKOEMKIE, 0—KF5—7 Lk
D6 ET, HoMULOHAIIMIZEBEHEZEGOE, EOVRTHEELZ.

5.3 RRER
RELAZRCEIZEALMERB 21T/, [IRBEBEINBRWDEEEZI L —2THL, THRE&RITH
UEEALL DERESEEALE. ZROZEBII2EDITVHASTREZHANSET EEBIZ, BEOH
AENZEShPaBEIEIEL, NEEEZRD, UTOMEREZHRIL .

OFRBELETOITTHE

QFE EOT 7 PRIZHNZHERZ T HEE 40cm OREERO 2 $iOHU R

@il EOT 7P REEO AL RO MHE

(1) e

—RBLTELWAE LORKREIL, NEMNShPa BEOEVERTHS. RXROFTT 1 AHAROKTIRTHE, X
15-@DEDi2, T7RO—RKRF—TDEZATEATVLBUMNML, EFT7Ty MaRRERLTWVWS, ZHhiC
U, 3KRTFEHETHESNAEGERIE, B 15-OITRT LD, ZOBEENS T TIIARMICHIRIZRDHL /-
ABELTHS, NESEMT5EEHIC, WTFNOKIRDEDHLUBIZMAT A, 3KRTRFHEICL DK

(@ (b)

14. S 3m /> T+ U REOBREIR &L ESD.
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DHWHASMIRERFEOHLEL> TS, K 1612 20hPa BEF TMELAZRETO-DOEF I OHES
RY. FEL, B1T-(a), ONTRT DT, 3RTHEIHEICL DL, TOHEDHUBKIZNED 50hPa B F
TRAFERICIIZEERESBLL TNE XS IR AR,

O—RF—7IZRo THRESEEIT7 ORI, IT7HRECER 2  WEIRICEAD, HETIRPLEET
DOEBEOEFLUTTRIBL T, SIHU2BETIENETICLDEHHBIEONOL S BREKLRA Lan
o7 FICHENBEER IR TH, BAFER THEENICHE< AR 2BMIREINEN-> -,
(2) I7 OEHREREE

3R DRI, ¥&Z 0.5mOAT%ZE 5 cm BB THMOMILCY D HL - REOKREEE->THE, *
NE2I7OREOEFPICHL Y TTHRELAZ. B5NMRERENEOMEER 18 ITRT. &Iz, NEDE
WESIZHAMICKE<ROHL TRAD LBV, ERENASTEET7RLIRIIARDEHETH D &1
5. ZOXI7MEEN 3.3 TRHTHIRD ZENPENEE O BEEZOERWE(ICHEN TS, K
BEERBRAROBVOEEEZIRNEDTHS. LAL, EMEZGFELOEMLDONAEZDREN, Z0OH
KON BRI TERND, BOMPOHEITE— AL M &, BEEAEMELTEELTH-DTWASE
N, NEMENCORBETIIEATET, SThHKOARNMRIZXD, ERAMOHMUEI/NINDO— R
T ENREERE D ZEE ST, PLMIITIZEFRIIE>TVRSEEISNS. ZOBKL, N
ENERFTHEEBICEAL, BEEND 1/ IULETEIMBEEORIMETH S 0.5 mIZIBRLTWVWS, 2D Z
EMmS, TOENMIHMTHMBEEOLLIT, SVREEEBED ET 53 RTIT7REOBICIIRED
WHRTHDHEZALD.

(a) (b)
15. MERIOKEROFAR.
(a) BETFYA vICLBTEK (b) 3 RFLI7JEHEKICL BRIK.
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(a) (b)
16. MERKEDOITT OERK (£HH 20hPa).
(a) BEFHA 2 ICL DR (b) 3R 7 REHKICL BRI,

(b)

17. MEREEDSTER (50 hPa).
(a) 50 hPa (b) 120 hPa

(3) KEOHY

Bl (2) THARZZEDIZ, FAMOMEBLEDR, AENARE <D EEDITRIMAITHERL A1, T O/M,
REED 2 K OMTUTEIZENITIHT LB L TEML /-, ZOREZK 19 1R, BB H O RAE R o
VEZTE>ZDI}, T7ORIEEESNCEBLADREZEZATEINVWTHAS. EL, MUROEIZIXIZ

EXELRW, 3IREITT7OXRFAHNSFTAL, BEHRMOTTODEDEEIDLLKELED, HUDER
ERELLTHRVEDICEDNS.
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Pressure (hPa)
18. 3RTTIT7RIKOBA A FEhEFEFE
020 T T T T T T T T T

0.16 -

0.12 FGircumferential

eridionai

0.08r 1

0.04r

Strain (x100%)

1

1 i

0 40 80 120 160 200

Pressure (hPa)
19. 3RFEI7KIKORBOEBIN,

0.00

5.4 EBREROER

KR, WIE 187ThPa OIEN LT A, K20 @ ITV BN S S, FFHRENSHIBEL - LM TE S,
BEEAOBRICINE, T7OBER LD CENEBEOENTAAMIG NN, FLARKICEWTE~. i
SMCHREIIREZOOOLVETLTHED, BEBERFTEARIVBE>HFEBDNS. /5L, KM S
BELTWEITV AXASHICHBEENE > TH O, BEEME A T3 < —I3EBAS ENTROE > T
5. WIEMBFFOFRBEF LD ZTFERICHEBERTOBRENECLEEZ SN, BABEHRSMOENM I NE
USBEEMETLTWEERBASNRN., KESENEZZZATVNS0OI, EICHREEO/NS WEHKE &R
PLTEXDE, BEFONE 187ThPa Tid, FAFIZT.=P + R.=18700-0.5=9,350 (N/m) =95 (kef/
cm) DRNBFELLIEICRS. ZOEIE, KEMEOBEHE S IFE-RL TS,
EUKBEHOZEROBZEHECL DN THFORIRTIE, WNENSKLITD1 /3.4 O 54hPa THEEL T
WS, BRI, BEHEAS 20em EETHICHBE U THAAMICID AT D TROF—TDI 2 > D8NRI
MOTETHEL, KO- RF—TICH> TREFFICHEESEAKR. ZOKRTIE, JI7HRFHICEDMIC
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20. 3RFTIT7K[ERDBEROREAK.

E 300 (SI) isg)herje, . (P)| :Pu‘mpk‘in | !
£ 250+ *:ldeal Sphere o _
@ [ -
?ﬁ 200 ® UNC(P) 1998
o 150] | ]
5 * FRF (S)
(a
., 100f * 1990
2 50_Raven(8). Py ° |
@ 1997 ynG(P) 1990

O "% 10 15 20 25

Film Strength (kN/m)
21. AERBOK[IIKOBWET X FOBER.

W0W%BOWEDEMEL TS, Z0kD, BEORITULICERAMICKELRRNINRBELLEEASND.
EL, MEBORBOMUBAENSRT, MEOHRFICEIITIROBEERBIZ TR > TS EHEZ5NT,
BHEOIT7HENECLDKREROMERE & RKELRERZIBVEZEATIVTHA .

BT EMOERE E L Tid, AERRAKRERTHLSN-#B#ERILT 1 IV LAKROBMERE THON -,
BEE3IMORBKIRICLDBET X 2SS, KEOHEHER 19kef/cm TH D, [IEROBEEE /713 T0hPa T
o7z [14]. F£7-, KEREVEN #i3, NASA ® 100 HEHFEHDO A —/8—FL v+ —KREMETE S
O75LA0—RELT, RAUKHERZE3MORYMIIROMERRZIT> TWD, 5IRMER 7.3kef/cm O KA A
W, BEENL61hPa THomEMEINTNS [19]. ThoOREE, Bl RBERE, REicsErEh%
EOoTRTER 2 Eind. EE2ABROFEOEBHEENZHKELTMATVS, 25Uk, ASHEKOSR
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DWET X PDEERNS D, IRTITHECLDZTROMERESBN TS Z EIXHAETH 5.
6. ¥ b Y [C

AREEZEBTIABMIREZ-N—TL v+ —FRELTERTIHAREL T, TROBE LOREITX
DIERMEER LT 2R VWAEWSBENS, BHRBMKIROEEOHRN2{To7~. TOHE, O—FK
F—7 ORI THANLZMAMZHENTI 7 2EHI B2 2 ENTENL, F—0REMEZBWT b ERMEE K
E<MEIEDIENTEZZLEHSMNILE TOREL, TROFHFIOEERZDI, T7ORRE
MOEIICPOEDERZEDZETHS., ERICKREESICE, EN—HESTOFEHNOT 7 DEF D TR
BREBRKRT 2 ETNE, T7 OBRZHEANERRIZE > THRE2FETHD AN SO — RF—TFEREATIT L .
I7 O, YREOVHITHMOEEET S,

IO LEHLWTROZ RIS N JROMERZZF O — RF—7OEKICHHI L THRILI N, HDOK
ROBRICEKELRY., ZORFEZAEORYIFLCERTANAIGERATESETS5E, I70HRF LD
HEREEEZDLLREHO 2mE L, EEICMHZESN%&E 30km OKXKE (% 10hPa) @1 710 ® 1hPa &L
Th, KBEICHETDENE 200N,/ mE&85. ZoREZ BFEoEtus Ly +—KRAORIZFL>T
I IVLADOHEHREEZKE LRI>THY, RERIMLTL BT TRV, ZA—-N—=TL v+ —GHRNEHT
EDZEEEKTS.

IS5 LRI ChETOEBOTHROMELBIKRESBRARZBDTHS. 22T, F—4HEL T, KRET
DEENIMOINTFRIREED, BET A ML OZRGITEROZUUEZRIEL 2. FFSOY 1 XOKIRIZ
EBFZ M, GRESHREZBETIBONMHBRE TEISRALSNS. FhOOERBREILEK TS E, HLL
REMBICHE DK GHRIK 3 EULOBEZRL, ZRTITTRAFTRSONCEN THDMERT I ENTE/,

7. # i

FHRREOHFLBEETH D, SHEJIROEBIECEL Tid, FEOMEBT 5 AT LAMEREHOMEHTIEH
BREOEOHEBRIBREEZIT . iz, BERREBHEERERN S, FroO AMKRICHLEOEERR
BEEEVWE ZZRLASEHILEL TS HLWERTHS, = Rad7ReHEOZLEHITOWTIE, FH
BEEY OWREZED TB oM FHEETEMAROLREAKE B L UMD @IBERICHL <HRHEL
Fe. LEEMBHEMEMMARO/ MRS BHEERAE, BTBARE TEMAZREMIESE ORKE LORKE
HEEME T, NEFEDFICIFHBCEORMETIWTIRE, AR EL2REL. REEE 3 mOFRKIR
DORE - RBRICIIESVTERL SEEEMAREYRRICKEBHEIT >/, ZhS5EDH X DH TN
LEHATIREBETHS.

2 £ X MW
[1] V.W.Jones, Current Status of the NASA Long Duration Balloon Program, Adv. Space Res. 114, 191-200, 1994.
[2] Magdi A.Said, et al, Recent Advancement in the Development and Selection of Materials for Long Duration

Scientific Ballooning Applications, Proc. of AIAA 34th AerospaceSciences Meeting & Exhibit, 1996.

[3] J.H.Smalley, Determination of the Shape of a Free Balloon, AFCRL-64-734, 1963.

[4] G.Dwayne ORR, The long Duration Balloon Vehicle (LDBV) Flight System Development, Proc. of AIAA 34th
AerospaceSciences Meeting & Exhibit, AIAA-96-0357, 1996.

[5] KERH, TR M, #h, TN—LRIR FHAZRATRE, BHE3M4E5 ol —16, 1997

[6] FIHE=, WAE=, &% B, B4 FLCRERE 6 FMICB I 2K8RA7 1 IV LAOREBIRBEROM E, H
HRZFHMEHEFRBRE, F£9% H15 (B), ppl3d—141, 1973

This document is provided by JAXA.



22 FHBEFHEAFTRSE HE BHE

[7] H. Alexander and P. Agrawal, The effect of Material Deformation on the Shape and Stress State of a High
Altitude Balloon, Proc. of 7th AFCRL Scientific Balloon Symposium, pp397-414, 1973.

(8] Tk M, KEFERE, SUROKEFNVEIET R b, HREKPFHMEHER#RE, $3% $25 (B), ppld2-
158, 1967.

(9] A & SERNSHROBBREARODREENT IV AOHRE, HEKEFEHNTEHATESE £98 B8
(B), ppl42—158, 1973.

[10] Fe L RIE, RS, O, Wb, THAMEET, HEs

[11] J.Tielking and V.Thomas, Fracture Toughness of Fiber Reinforced Polymeric Film, Proc. of AIAA 34th
AerospaceSciences Meeting & Exhibit, ATAA-96-0688, 1996.

[12] BHEE, #h, YUY IHZIRICONT, ERZEERRIKS ORI LEE, ppd2—48, 1990.

[13] Fh B, S TEIEIRICOVT, —NEDEHWN— MNIKER—, FHAEHARRE, 5% 30 5, pp3-11,
1992.

[14] R.Akiba, et al, The Development of High-Strength Balloons Made of New Materials, Proc. of AIAA
International Balloon Technology Conference (AIAA-91-3663-CP), pp55-60, 1991.

[15] M.S.Smith and L.G.Seely, Current Status of Advanced Materials and Seaming Research, Proc.of 21st ISTS,
98-j-17, pp1614-1620, 1998.

This document is provided by JAXA.





