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Development of a super-pressure balloon
with a net for long duration flight
— Development of a new method to attach the net with the balloon film —
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ABSTRACT

We have been engaged in the development of a light super-pressure balloon for long duration flight using a method
covering the balloon with diamond-shaped nets of high-tensile fibers. A 2,000 m’ balloon developed in 2016 burst
from a deformed film, where the net was tied, with a differential pressure of 1,040 Pa, which is twice as large as
required differential pressure. To avoid the deformation of a film, a simple sewing method to increase the number of
the tied points without increasing the production man-hours was investigated to find a new sewing method, a two-
line strait stitch. The stitch also has a merit to avoid a risk to damage the net with a sewing needle, comparing with
the conventional double zigzag stitch. The sewing method was first adopted to a 10 m’ balloon, whose net was sewed
with its film at all cross-points along the heat seal lines of films, to confirm its burst pressure higher than 10,000
Pa through a ground inflation test. Then, the sewing method was adopted to a 2,000 m® balloon to confirm its burst
pressure of 1,020 Pa, which is comparable to the previous burst test of the 2,000 m’ balloon. In future, we are going to
develop a 7,000 m’ balloon using the sewing method for flight test to demonstrate its capability for long duration flight.
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# 1 REER &R
72 [Pa] AR [mm] TFHE [mm)

200 9321 3962
400 9377 3964
600 9412 3968
800 9438 3972
1000 9462 3975
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D3 2.7 %R \WAEBK, NPB001-4 53KI% 7 4 0V A R LR 2 i 2 7253k TH %, NPB001-6, NPB001-6C
X7 A VAEMIFE XD b % 3 %R\,

NPB001-6C DfEilZ. NPB001-6 DEHHIE & Ho>TwT, AEIX0.4%., FHHEIZ 1.8%FE >, NPB001-
6C 110,000 Pa £ THEL 7253k TH O, IMERHSHIICATLGE 2 ONFHEL 2 L2 KL T0 5 b
DEEZOND, HHLTWEH#E1Z90 N DO ok8E6. 1 DA NHA T 2 2 L%
50TV [5], 10,000 Pa DZEFEDDD 5 2 EICK>TITIN DAL L2257, 1.8 %Dfh
NREZGNZHOTHS, LHrL, AEDENIZIINL D B/IS L, HBARBIRTREL kokbl
T, NPB001-6C 53R TIE, 7 4 )V AICH PRI IAICRBH D, 1,000 Pa DZEFEDHI S 17
R TR A TIREETH B, TbL, FAHD 7 4 VAITIERHEDIRL, 74 VLTSN
TWE—HT, THRHAICIIRBND 2IREER D, FAARDEIIVNS WDIE, EIIVNE WIREET
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o HEHEEROM D MR 5] LNl 20 1 288 v 72 EEL 2 (K9), mH T
SHIZIZ, TR EMEED E 2R3 ODAR—I03H B, ZDAR—7 03B 5B I LA
O AR s s, M2 BRI EICRIET 2 2 L 3WEETH - 7ohs, FilliclIfT ) v 7% E
AT 22 ECHENEIN, 2OV Y7 LR TFEE LI, fondm T 2% MR L
B, ZWORNL FTHEAEINTV S,

NPB2-1 NPB2-2

JW/
Payload

X9 SEREHDOM D TIORGOS

Net
Payload

4.2 NPB2-2 3O R ER

it FEEER L 2017 4E 6 H 2, 3 HICHNHRAGKRTEA A > 7Y —FITTIHEML 72, NPB2-1 53K TH
U 7 /NEPHTHT RAR A & TR 3 2 & RIEDMEC (125 m), EHIRFOE X 10.8 m & D IZFE»23, KBk
D4R 23.6 m & HHLT 2 EIRFICH . BRITH ) T IRECTEMMKBRTE ROk td s,

KIHEDX vy b A—2la RO TFREL, RIHFEEXA2 7 AMED AL 7THoEEZ R D T
72 (X110), ZOWHIZ Y A v F (2 BOBIERICHRE) o> 7cn—7%2EL, Z0Ou—7TxIK%
MO T, RiFe=—n>— b TEEL L, JEREHOEGHIFR —McF 2 — 72 E, 600 Pa,
QOMHM\3mmPa@E&%D%HﬁT@amszﬁﬁﬁ%%ﬁmﬁjk%EX&MaQN)&ﬂ F—=Fuh—
TIHI LI, AT, BE, BE, BXORKAEZNOv A — (BALELH TR-73U) T 10
MLl Lz, ETAAXZWKRE3 A, BLXX, KIFPLORTA L, O&it4 s o Ot
Wailiol, 7= —DREZRIICE DT,

LERTEE I ED M8 D7 A F v ba-Dicu—72EL, KIREMRD T, FFEIKFICES LIS
FEEL 7oy WATEAT 22— 7 DR E D THBIIRA—NVTREL 2, $T. FAR VXIS~ Y Y
AHAZITEALT, RYRIAKGFONY) T LN AZTFEALIE, 70877 (Ryobi 707 3% 2 — A4
RESV-1500, HiJ71100 W) 2T, 225 &HEAL 72,

KDL, REREERZ B Y FIF2 2 L3 TE R ok, [ROEBIHZKD 2036, HXEES ¥
2 ECREE S, RERIFIERICHER L, 200 Pa(lX 11), 400 Pa 2BV T, FHME. BX O, &
B EDOFHNAD 90 OO 4 Mo 5726 Licvn— 7 DR O OBEEZ JIE L 72, 400 Pa OFHIE,
AAEAAZEALC ., 1IRHS9Z O F FHE Lo eEHE26 9 2% 2 & 2R L 72, 320 Pa % THHTE
LCW7e7-d, FHE 400 Pa ETMEL, —M, ZOREE L7z, JIROBEEBROMHD 1K 12D X9 12
AL T, IXRTOLRZEE LRI L VEE—2>ToTci>TEhH, #E->707
NBFEEL T2 X0 RS N 2 LRI N,
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7 2 MR 2 FEE L 7o/ & 22 58 7o ER DB

SERT NPB5-1 NPB3-1 NPB2-1 NPB2-2 NPB1-1 NPB01-2 NPB001-5
AR (m3) 5,000 3,000 2,000 2,000 593 106 9.5
[ (m) 24.4 20.6 18.0 18.0 12.0 6.76 3.03
2K (m) 32.0 27.0 23.6 23.6 15.7 8.9 3.97
S (m) 14.6 12.3 10.8 10.8 7.2 4.1 1.80
IT7H 32 30 20 20 16 12 20
AT 7l (mm) 2394 2156 2360 2360 2354 1768 516
7 4V AR (pm) 10 10 10 10 10 10 10
HEFRIREE (N) 360 415 415 415 415 415 415
fit 7 — 7% 3216 3015 2412 2412 1608 603 402
42 R EIRR (mm) 100 101 102 102 101 101 101
ARl e — 7TEkE (mm) 48 43 47 47 47 71 48
FrPEERE (mm) 700/530 530  700/530 700/530 530 530 300
it FE ¥4 (Pa) 2,500 3,600 3,900 3,900 5,100 3,400 6,000
FEMMHAE (Pa) 425/348  >814 1,040 1,020 >800 1,800 >6,800
IR AR IR /T () 62/51 >90 110 108 >56 107 >120
AR I | S | I | | 22
SBREER (kg) 86 66 54 54 16 19 3

#3 F—ruh—ihEH

ch HH +®wv¥-— Ly
1 72 Setra 239 (3,000 Pa L V) S/N 708750 0-10 V
9 T Setra 239 (2,000 Pa L ¥ ) S/N 5009776 0-10 V
3 EIE Setra 239 (600 Pa L ¥2) S/N 6202439 0-10 V
4 5SJE  Setra 270 0-10 V
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FEA, 2L 80 Pa £ TR T LTy, KBRIFEELIREDE FTH -7, 400 Pa, 600 Pa, 800
Pa EEXIMEL . FHE. BXO, FE LOTGAA 00 OO 4l 676 Licua—T7DR
DO DOREEEZ HE L 72, THRE. BXO, ~—F v VTR R 2 £ 4 1R L2, 2D, 1,000
Pa IZAFTHE L, 1,000 Pa (CEBE L 7268 I KIRIFBEE L 72 (K13, 14, 15),

e icsl 2R/HEME I E, S SAHSEHOBIFHER 2TV, JISHEHRBEOMEZIT> 7, &
HICRIRDPZEAL T2, I EHEARFZNVZHEEE2ICTIERS o7z, [Pk o BRAEIKE, Ehiir
T L 74 N0HIERESHEN, BN TR0 7 4 VLIS SEHITHIE I N3 > Tz,

R4 FRE. v —F v JTHEERER RS

7= H Ikf T A-BR B-CHl C-DE A-D A-CH B-DIH
(Pa) (mm)  (om)  (om)  (om)  (mm)  (mm)  (mm)
200 6/2 13:50 21,954 10,560 12,770 10,265 15,895 17,665 17,530
400 6/2 14:05 22,066 10,555 12,830 10,420 16,095 17,790 17,850
400 6/2 15:00 22,082 10,725 12,850 10,440 16,110 17,840 17,705
80  6/39:00 21,98 10,625 12,815 10310 15935 17,720 17,705
400  6/3 9:30 22,120 10,670 12,910 10,345 16,090 17,850 17,895
600 6/3 9:38 22,156 10,710 12,835 10,430 16,145 17,850 17,870
800 6/3 9:42 22,220 10,730 12,870 10,460 16,230 17,930 17,920

4.3 TN

36N EZEORZNZ K 16 128 T, 3 DDKREFHIAWICIFPIE AR 2R L Tw 5, itHEMERE
1% 1,020 Pa TH o7z, ZDflIZ NPB2-1 XUIKDMIET 1,040 Pa & HRRETH > 7z, HDEE R %P
T2 LT, MEMEREOUGER HIF L 72h, dEEix I nad o7, iz, BEEE 1,000 Pa &, ZRIH
JEORFICHYS L TED, COMBEEZFHEERTE 22 i3, o2 lERENERTETWE L%
ALTWw3,

F7:. NPB2-1 5ERICE T 20X, M2 DRBHVEITTHo7h, NPB2-25BkIicEWLTIE, K
EREWEMEIBIETH > 7, HHTE TRIRKIZIEFE ZBRZ R > TE D (X 13), BIE & LB o0EST
LTw3, &, ROFAE L LEIVHBORIIET ZATH 5, BIROREKIZ, EHICH 7> TRIFE
PMES, SABRZEIL 235 S ¥ 7 2 L THDIR D EC B EZA o s, £/, JOEBII,
i X [6] THEE S 4TV 5 Buckling mode & BITE D, 5%, BUEMITIC X 2BEEHIFI N5,

X 18 1R DIEZ L E R L7 b DTH %, Setra 270 XUl &, TR-73U KEEFOFHIfEIX 1 hPa
PIEDEDH 258, ZHUIBEERDOREEE (TR-73U KHGE © 1.5 hPa) OHIFHN CHRFETH 5, FEERITIRH
HDZAIE 8 hPa TH o7z, 19 FREDKHZNZRL7bDTH 5, FEEIHHOLAIRDZENIZ 3
°CTh-o,

6/2 D 15:00 DAY 400 Pa TH D, 3 6/3 9:30 DZETIE 80 Pa TH > 7o, KIERDUEREIZALAE T,
LIRNAT A ENRDFRTH 72 L T2 L 8 hPa DKIEDHINNIAE S, 21X 800 Paf& L, 2°C D
LRARDEAGITH LT, 221X 700 Paling 2 2 & &4 %, EEKICIZ, #ERDRIDMERLINIC D05 2 &
TZV—=7L., REIEIMT 230035 %5, 412H D X H I, 400 Pa HIINREO 1. 6/2 15:00
I BN6/39:30 DTFD30.17 %R > T 5, BRSO 3RO 2% 513, FEI3 0.5 %1
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Differential Pressure [Pa]

Atmospheric Pressure [hPa]
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B 19 S RRIZE(L

MU, Z2USHEoTEREIZ 500 Palid 352 L ERd, £, ZEOZICHEG, K[IROEREDZT
ZRIFIC X D KUEDOBENNCEE S ZHE DL X 1 2 8BS, KERN A A DRIRICR L TN T
BT 28R H 2, N6 DRE, K[imDZLP, K[IREEDOZITER T 2 ZFEDOZH) & (134X 100
Pa FEEE & HEE S0, BUHI S 172 320 Pa OEEDSA ZATHIUT BRI T 2 D EEDTIE R\,

5. XE&HESEDEH

2016 fFICEAER L 7246 2,000 m® & NPB2-1 %Ekid, #D 7 4 )V ANOREEFFHTICUE 7 1 )L L%
BL7zZ L) bDTHo7, ZOXNEE LT, ME 74 NV LADMEIERREZ RN T5 2 2L,
O 721 ZHNERSE O CREE T 2 E 2T L. 5 10 m3 OKIRTRIEZR W 2 & 2R L 725, 6
2,000 m® ORIKOHL FIZR, R A FEE L 72, Z OFHE. DY 1,020 PaTh ., NPB2-1 55k
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PN M2 70> ST RIS A — =7 Ly vy —SKER D BH 5 13
— B EE B IO & IED PSS —

DRI 1,040 Pa & FIFREEICH 2 2 EHVHIA L 72, EEEOMIEMEREO M _EICIZEDI S Rd o7y, #HL
WRATy FIE, RO TEOT Y A 7N E VY, MoLZeRom LA Tho EE A
TWw3, 7, 1,000 Pa DBSEEDOLRIRDHFEBETE 22 LIk, 74V LADIHE & \vo IRABREED
RO E <, 40 kg DA v — FZEHEH L THEE 22 km O _ 22 %2 BRI S ¢ 2 2 L H30]
. £V ZOXIROMBEZHEMELCFI ST I EXTHETH 2 2 L2 EEKT 5, KEROBHHERFICE
LR EAS L, MEEEICIE. KIROBEOFENE Z oh, 58, BUERHHEIC X 2 MEE % i
L7z, Stk ZOMOIEE 7% T, 48 7,000 m? O5ERZ BUE L, RAHEERZ 9205t L, Hb Bak
B CRE S N7 B DS ERE B OBREIIC B W CH R W T L 2R T 2Rz Ei T 2 PETH 5,

T

RERDIZIRAERIC B 72 > T, BEANERR LD 4. ISAS/JAXA O S A, HHERYET
RO ARSI A, PR BRI A, ICBMERICARD £ Lk, AWFJEIR. BlAmredaish &g
(A) TR % 58 2 RIFRIRAIH A — = 7L v & » —KIROBHFE ) GREERS 24246138) 232 1)
TfT>TWwET,

e\
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