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Design and Test for Scientific Balloons of Multi—Layer—Structure
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Abstract | Recent balloon—borne experimental apparatus tends to be larger and heavier. Tt requires a
larger balloon to enable a gondola to float at high altitudes. Since a balloon for heavy payloads yields a
large stress on its film under low altitude condition, multi layer structures of its envelope are necessary
for an optimum balloon design. Standardized parameters were derived for the optimum design and evalu-
ation of flight performance on the basis of consideration for controllable balloon design factors. By these
methods, several capped balloons were manufactured for heavy payloads and were tested for criterion
certification. The results proved that the analysis and stress evaluation method are proper and the design
criteria are valid.
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30, 000 51 3.0 58.6 42.2| 17.7 8.6 24.3 50.8] 12.8 3.0/ 3.0 38.6

30,000 9 3.4 59.1 43.7) 22.9 3.8 250 49.8! 12.0 3.3 3.3 450

60, 000 116 3.4 74.5 53.7| 34.4 5.4 180 53.0; 157 2.5] 2.5 41.5

60, 000 116 3.4 745 53.7| 359 9.5 18.0 5.5, 14.3 2.7 2.7 41.5

CORTH TTACTRERTIZNT A M 150kg T
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F£3 EERBROZTLMEE (2000~2005%F, BEHFHIGRC)

£ Uas s a8
BLfER % LR %
~2 5 ~7
2~2.25 10 7 ~10 5
7 4L 2.25~2.5 33 10~15 43
2.5~ 3 22 15~20 35
3~ 30 20~ 17
~5 10 ~5 10
5~5.5 30 5~5.5 20
SN 5.5~ 6 18 5.5~ 6 30
6~6.5 17 6 ~6.5 10
6.5~ 7 10 6.5~ 7 8
7~ 15 7~ 22

x4 RAVEN/WINZEN 8I5IROTHB ERBREES LURESEEOTE (2000~20055)

HE | TT TAML TaVL ORER | KRB OBRT OHA RE | T4 VAIES [TAVAREEE n-F 77 oobr -7 R
asiy ?(i JE & B | BB HE BH BE | WL BT WP B OB OWE Rz
m’ m m m ke ke % km | MPa  MPa N

42,475 | 58  25.4 67.4 47.1 1 202.8 664.2 10.0 30.5| 14.0 4.0/ 2.9 13.8| 58 89| 4.5 5.6%*
56,634 | 64 17.8 73.97  52.0 | 177.0 142.7 10.0 36.8{ 10.5 2.3] 3.8 23.9| 64 670 9.1 9.9
56,634 | . 64 17.8 73.97 52,0 | 177.0 399.0* 10.0 33.0| 15.4  4.4| 2.6 12.5] 64 670 5.2 5.1
84,951 | 73 22.9 84.77  59.4 | 283.8 482.6 10.0 35.0| 14.4  3.9] 2.8 14.1] 73 890 5.9 6.0
84,951 1 85  22.9 84.77  59.4 | 283.8 440.8 10.0 34.0| 13.9  3.6] 2.9 153 8 670 7.0 7.3
84,951 | 85  22.9 84.77  59.4 | 283.8 567.0% 10.0 33.0| 155 4.3| 2.6 12.8; 8 670 58 6.1
131,317 | 85 17.8/17.8 98.03/31 69.0 | 341.5 576.1 8.6 36.7| 10.4 3.5 3.8 157, 8 8% 5.8 6.6
150,570 | 89 17.8/12.7 102.83/32.6 71.9 | 380.8 577.2 10.0 36.0| 12.4 3.9 3.2 14.1; 8% 89 5.8 6.1
150,700 | 89 17.8/12.7 102.83/32.6 71.9 | 376.0 662.0* 8.4 35.7| 13.1 4.3/ 3.1 12.8| 89 890 55 5.5
346,345 | 117 20/20/20 137.1/46/50.6 94.1 | 944,01500.0 8.5 35.5| 11.8 5.6, 3.4 0.8 117 1780 5.9 6.3
346,345 | 117 20/20/20 137.1/46/30.6 94.1 | 944.02007.0* 8.5 34.3| 13.¢ 7.1 2.9  7.7| 117 1780 50 5.1
HEEORARERY TITEES “KTFEERIINT A Mk ET, ABLOBAR) TITEELZZHE

R2OTERIDGEBRERRIIOVWTOABRERBREGPZI LN TWE, REEFNS WD, EETO
T AN BB HOREERIZOM L E o TnA, THIH LT, #EICBITE 710 VA ORERERIE, 74140
PEL LY, JERPKEET 2 L7205 TREL 2D, EE 3um OFRIRTIE, 27560, 000m’ DIk TR e
ROSICEREL T3, SN EKRERRIROBEICE, RKICHDPBREZBZ L720%F v v TP LEE &
5.

F412013, ERTHER S N2KE RAVEN T 7213 WINZEN B#OSFEKIZOWT, MFERAKORNEF LD
THhb. ZITIHE, 74 SEI2OBEIHEE L L To,,s=41MPa, 0, ,,=5iMPa Z M L7z, FHEHERICL
Bl, TANVADEEBERIIOWTE, B EEHIIBNT, EABY) THEEDHEIZL2.6LL EPERINT
WEZEDhhA, R2RLAEERBROFERE BT L, BETOREFBENCPHEIHEEN TS L)
EbNA, I, RIRTIERY ZF L YT 4 b 2 OBRITEEIERGAE IR IS, EiRTIBRA
SRESHMITRED 1 /3 U TR 2L a KL T2 eZ2x 65, LED FOZEBEERLFLELLELE
WS, — T, B 7 4 VAR Y A — VDRI ERE D) o TR eI BRI N T ALED
HbH., MEBRORKEHOFMEE L D EEORBIZEVIDIZL TV ZEPABOREEE 5. —F, k
BTORE/EFIZIFILAEOHHFIIBTIO~15QERICA->TED, 74 VAREORERE Fx v TOMANR
FIREICAT DT A, O— F7r—T7OEEERIBBLR~6 DHPHIZE SN T WA,
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Stress (MPa)
10 20

0 30
T Y v T T
= === ——single shell (20,
Ground 40 ‘ ..... —zyfb?esc:pged}gg-m-m;m
100
—— ;. ©
8 g apl a
E, 220 ';
= w H
5 3 I
B 501 Fioating Floatin 1 &
10| N
Alowmtestesial oAl .o um i e i B
¢ b ":Grnunc'l:
-===single shell {20um) . 7o ]
—— - -~~double capped (20-10-10um Floating ',"4. - ‘,‘,‘.
0 [ I P e P T e T 0 = g i 1 ] %
0 20 40 0.0 05 1.0
Radius (m) Gore position
E6 sk URFEFEFORKAIGEGIOST, BOESHE, MY FIFER1500kg
Stress (MPa)
0 10 20 30
: ! . : : . . ——t=m
Ground ! i
20 ripl /)
100 : !
Allowable stress onground |y _ |
o ! o) { ab
—_— J o + » .".
E Gap 1200} =5 i L Al
) 9 lad (mip R 80l /1), {0/
= o |
D 50L  Floating th 1 &"%r Riwlst [
S - - T LT Allowable stress gifloating | /_ _ _ _ _ _ g
Fleoating v ] /1 ! '; -:
Sheil(20pm) E ; -:_
R o) /t el Ground
Floating P '
0 R e I | ! ! i i 0 . 1 ammn i/
0 20 40 0.0 05 1.0
Radius {m) Gore position

7 MEH LUKFERERORKAERES DS, B00EREE, M4 TFIFER2000kg

50

@ =
o (=]

Maximum stress (MPa)
N
o

10

volume = 300,000 nipayload mass = 2000 kg
14 thickness of shellicap(s) length of shellicap(s) mass _altitude

——20/10/10pm 131.4/60/35m 670 kg 33700 m
—20/20/ 6pm 181.2/66/356m 770kg 33500 m
- —20/20/10pm 131.1/55/35m 785kg 33450 m

Allowable stress on ground

“ Affowable stress at floatin 920

20
Altitude (km)

100

E

480 3
0
o

7 erd
W

460 E
=

e
%
®

440 E
k]
[ o
ie]
7]
o
o

0
40

Bl8 mARMBEASIURACHAUEBOSEIC L2521k, B0OER, MY T FER2000kg
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50 voluma  payload thickness of shellicap(s) length of shell/cap(s) mass altitude [~ 70
— 100,000 m*200 kg B/ B pm 90.5/25 m 118 kg 40500m
— 150,000 m*300 kg 10/ 6 pm 103.2/25 m 214 kg 40030 m
—— 200,000 m*400 kg 10410 pm 113.7/30 m  268kg 40200 m —_~
—— 250,000 m*500 kg 104 8/ 6um 122.4/50/30m 345kg 40050 m - 60 £
’_\40 e 300,000 m*600 kg 10710/ Bum 129.8/66/30m 445kg 39800m et
e IR 40km . h
= | |awem AAO—FEE (ko) 450 &
~ (m?) | 20umi Ll Fevdit 7]
& 30/ | 100,000 70 200 E
o 150,000 180 300 440 3
o | | 200,000 260 400 E
= 250,000 370 500 =
5 o | Laoo.no - 600 -430 g
£ Allowable stress on ground | =
x
3 4205
2
o 77}
10 wable stress at floating O
Rl R B [0 o
. . i "
0 0
0 10 20 30 40

Altitude (km)
9 BAFIBEGNS SURABAMEOSEIC L 5EEEMmY) FTIFalfE~r O— FER, FESRE40km

5 MEMEORMO LR ERSEER

FEO [TV 7AaNa T4 A RIR| ORI BT OHH B | 7ML [TANREERE| U— T — 7 [0-F 7 -7
A % B4 B2 WA EE R #h sE| oMl k2 | sl b7 | % W b L2k

m’ pm m m ke kg %  km | MPa  MPa N
200, 000 87 20/10 112, 7/30 78.9| 434.4 721.0 8.2 37.0| l4.4 4.9 2.7 11.0| 87 1110 5:9 6.0
500,000 | 119 20/20/10 152.2/60/35 107.8[1095.0 1500.0* 8.5 37.1 15.0 Bl 2.6 10.6| 119 2230 6.9 T:D
300, 000 98 20/10/10 130.6/60/35 89.2| 655.01500.0 8.5 34.7| 15.6 6.1 2:5 8.9 98 2230 6.3 6.4
300,000 | 98 20/20/10 130.6/55/35 89.2| 815.02000.0* 8.5 33.4| 157 6.8 2.5 79| 98 220| 55 55
100,000 | 73 6/6 90.5/25  63.6| 118.0 200.0 10.0 40.5| 154 50| 2.5 10.8 37 80| 7.3 7.5
150,000 [ 79 10/6 103.2/25  71.3| 214.0 300.0 10.0 40.0| 157 4.8 2.5 11.3| 53 80| 7.7 7.9
200, 000 87  10/10 112.7/30 78,9 282.2 350.0 9.4 40.0| 14.5 4.9 2.7 11.0| 87 80 8.5 9.1
250, 000 94 10/6/6  122.4/50/30 84.8| 345.0 500.0 10.0 40.0| 15.9 4.2 2.5 12,9] 94 890 6.7 7.3
300,000 | 100 10/10/6 129.7/55/30 90.3| 445.0 600.0 10.0 39.9| 15.4 4.6 2.5 1.7 100 830 6.0 6.3
60.000 | 64 2.8 73.75 542 250 54 180 55.0| 153 1.3| 2.5 4L5
300,000 | 110 2.,8/2.8 125.5/6  94.5| 75.9 4.5 14.0 60.0| 13.4 1.8 2.9 30.0

LSO R b R 6

4. ZERBESOSTIROET & AREERR

4.1. F vy SHEREBORE

B 6 1%, B30OTI&ER (FFE300,000m™) 16 LT, MHEM ) THEELS00kg, BAMY THERL74dkg & LT
BELFITHE, COHTRE—DO Yy VTR ENLAKOBDELBRLTHL. KERT 1 V4 E20um
12, EE60mBLU3m QI0umEDF v » 75 2HERZZ EIZL Y, IR S RIS EEIZ AL 2
EbhhA, M7, BARD FIFERE2000kg i2¥MSE2GHE6T, 1FHOF Y v 7OE S £20um (AT
LTwvad, M82id, Bh FTIHFEEI2000kg DHFICF v v FOER LSS L & ORNIL) O ELRL
DFEVERLTVDS, Ty v 70EVICISAESEOEEL TP TCHLLD, [ O— FEEFIENT A2
ExER LT g LTB e TES,

M9, FEAOkm (CELET S Z LA RELRF vy T RHROBERRERL TS, B310um D7 4 A
AL MIZERALTE Yy AT HZ L2, 20mEDQY IV o VORRELRET L E, -8
ORI L T100kg DL EDOBREOWIAELENDL Z Edbhd, T, F—ERORI O~ FE—[b
INERFEOERT LT OB ZLERLTHBY, RROTL EFBRHABREINLZ LR, ZZIRLE
HEIZ, EAEICKEROERBAI L LT ALEOD AM/NESREER [12] KEHEIWLTETHLS.

DLECH L BRI ENAFIROMITE RS IIRT. WThoOBEIZb R LIORL BRI L Twa,
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E10 KEFIEER, E&0.75m, 712

F7z, BE6Okm * HIET & ) B KEMO B GIKICOWTS, 74 L AHTE RS2 8um S IEFICH V-0,
LB 2 ABEB~OATEBNT24200% v v L BELE L LI Ll bh oz, BRIIASVED
Fry TORSSIIASLTTED, REBINE VDI EREICEHEEETLLEILNE,

4.2. AREEELBR

AT Taeat S 2R HE R ) TP ER1500kg @ B300MSER (7 1 v 4 JF 320/10/10um) 2%t 5 05 e %
1072, COSRKOEROMME, KE5ICRT LI 1L, £E130.6m, EE655ke TH 5.

AN LT ADPH Y, FIOKHRT & IS $12 LRERICK R4 S THETOMWBTHE 2 Ko7
(REF VB [13]). #HORIC X D ERETVERESPTEROH 1 /31 %5 [13]. 22T, KIREH
BB H72002, AHR30.75m, ITHI2ZOAKEEo . 20umBEO 7 4 VADATEL R REkKE 2R
WZ10um B F v v 7% 2B L 22 Jep & W U O 58k 2 MR AR L, W4T o 72, WhWiks 3 ik
ALZKDERE, 0V 2 VOBADEREE T2300kg THEDIZH LT, ¥ 7hF v v FI2F 5 L3100
kg LlEERo7z, Thbd, BERY FTWEROLMEOR) FIFTERKHAI GREZ Libh ol 2L,
REERTIE, BEOHTU - FF—7D1RPBINZ &, 2LTERKOE SHE - 2275, BRI O
(H10DE TOER) TREROBRIE D720, FELVNSVEANTENTAICE 7. GikoEs%
ImBECTIE, dotBVARkROMELRT EELNS.

KIZ, FREF—ARDEIR 2B 550m £ TEIEL, HEIEORATR Y TIFER1744kg ORI TIE T2
A LA (EIPSI2600ke TAHS) FIEAL, Bl P - % B L C Ak R ERE B (T — s
T EIT2RBER T o7/, M ZO8BF2RT. LT ETBRE, T TETRoBETFICbMELR, SEhmEs
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B 11 B300TRER (7 )L AF20/10/10um) DITT LB, #5%712600kg

UL LRGBS N, COEBRREE ST, ERCHAEAARERCBY TR Sh 23 ETHS, &
Kb ) FIFESE2000kg ¢ B300K! & Bk, TR D TWFER1500kg @ BEOORI SER D #HE 24T o 72, fERIEES 2
RENTVE, WTFRORERD, 20um D> 2 Wi220um B L F10um DX ¥ v 72 MAM L d DIz 5 72,

5. BbUIC

R4V = FORBEEAMFICLY, [R7 AV ADERLE GO LHFORBILPVEL k- TE 1. BilaE
DEATEE, 740 s e 0= K7 =T 2 REEROMY) Hk SIokh— a4 3R, S oz &

TREEF S I/ARMER Y TP ER1500kg @ B30OEIEERIZH L C, 2 MEOMIEET LT, Rt HEOZ UM E
MR L7z, E512, 10umED 74 VA% Tz VIR L KEES 4 ERROBI 47072, 4%, LE+S
G E A AREROHE L BEB L OEH OMBATIRICA S EBEbRA,. SROMEE LT, MR
IZB ST 4 VAR DRKRIES & PEEEROTY) FOMLF LTS, 200100, FFtirodis
WARE % B L 7B & RRIE D O S B2 W TR AT I LESH S, B, 4HRLREFT— v 0T
WEATV, SR & RGBTl £D TV FETH .

BB, RO BRI, CRREE ORISR S (CERAILETT [ R skE A NS E
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