439% A6 KA TR AR Vol. 39 No.6
2025412 A Journal of Rocket Force University of Engineering Dec. 2025

DOI: 10.20189/j.cnki.CN/61-1527/E.202506002

PR IR L0 QA e v B 2 T i 52 2 i

RALBL, & R, MM, WK, HEW, B &
CRERREBE 2% KA B ORBFSEBE , JLat 100094)

B OE: ANABREAFREE WM “hREEEAH. BESERABELR” WTE, R
DAMKEERCHEBR YL ENRAE LN, THERHF CHEMRGEE. &
ZEZRBRASTENNY, ERTLESWREELEH. RERAKARXEFHAR.
Bk, BUIEX B -RERLEE, UEHARTH _EBLTH RN, B3 K
wRAEMMBANE. REBRBEER I AHRAXENER TN R AIHCEHHATH
W, BHEHEELERNEWHAIFRZ A HK, RUSAERERE, B
HE., O EER M BGEARCHFREMEEEN. G, 4R FCHST
GERFERF LR ER, RAASBEENBBETR, FEISNFRRRIET H
AT, ENAFE, WAkRZIATFREF LH AT, A6A%K. BERAHAKUR
REGFAEAFIHATITR, FHEARARETEREALR. T BRNEREE,

XBEIR: RO RRA;, REWESEN; FRPAH; T8N

RESES: V221 SCERIRERRE: A AL/NRTE:

NERS: 2097-2741(2025)06-0013-11

Design and Application Prospects of a Novel Low-Cost
Polyethylene Airship

ZHANG Hangyue, ZHAO Rong, CAO Shenghong, ZHU Rongchen,
YANG Yanchu, CAI Rong

(Aerospace Information Research Institute, Chinese Academy of Sciences, Beijing 100094, China)

ABSTRACT: To effectively address the contradiction between the volume versus weight diver-
gence and temperature versus strength divergence of stratospheric fabric airships, a streamlined
airship architecture with linear low—density polyethylene membrane was proposed. Based on the
advantages of polyethylene airships in terms of lightweight, pressure tolerance, and low cost, re-
searches focused on the design of super—pressure resistant structures, tail fins and launching meth-
ods. First, an orthogonal tendons—membrane coupled model was established to consider the two-

dimensional generatrix deformation under lateral constraints as input, to obtain the optimal cir-
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cumferential tendons spacing. The global deformation and local bulge of a single gore after apply—

ing symmetrical constraints were analyzed to obtain the bulge shape and stress after the local cur-

vature radius reduction. Subsequently, a multi—airbag stacked tail fin was designed to achieve a

super—pressure—resistant polyethylene structure through transverse, longitudinal, and vertical ten-

dons. Finally, an internal interlayer and external rope cage scheme were adopted to address the

difficulties of achieving non—forming launching of polyethylene airships, and its feasibility was ver—

ified through field flight experiments. Future research can focus on the realization of mid—-to—upper

stratosphere flight, combination balloons, high-altitude tethered balloons, and low-altitude econo-

my, providing low—cost and scalable technological paths for related applications.

KEYWORDS: polyethylene airship; low—cost; cable-membrane pressure-resistant structure; non-—

forming launching; aerostat application
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Fig.1 Conventional stratospheric airship configuration
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Fig. 2 Schematic of super-pressure balloon
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Fig.3 Design concept of lightweight polyethylene
cable-membrane airship
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Fig. 4 Schematic of the polyethylene membrance

airship structure
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Table 1 Design parameters of polyethylene airships
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Fig. 5 Solution for transverse tendon layout of the

polyethylene airship
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Fig. 6 Stress analysis of the polyethylene

airship membrane
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Fig. 7 Tail fin structure of the polyethylene airship
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polyethylene airship
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Table 2 Comparison of characteristics between fabric

airship and polyethylene airship
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Table 3 Comparison of characteristics between

polyethylene airship and conventional pumpkin balloon
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airship main envelope
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