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ABSTRACT: To address the strain concentration caused by a rigid—flexible coupling connection
between a tethered balloon and compartment, a mechanical analysis was conducted by combining
ABAQUS with theoretical models. A strategy for strengthening the transition layer was proposed
to effectively reduce the strain concentration at the structural connection, thereby enhancing the
safety and practicality of the tethered balloon system. First, based on the classical mechanical the—
ory, a theoretical solution for stress distribution of the bladder structure of the tethered balloon
was obtained, and a design criterion for the orthogonal modulus of fabric materials was proposed
in combination with constitutive equations. Subsequently, the calculation results of the mechanical
simulation model of the rigid—flexible coupling system were analyzed, and an equivalent strain
concentration factor was introduced. The influence mechanisms of additional heavy—load mass, in-
ternal-external pressure difference of the bladder, and material on the strain concentration effect
were investigated. Finally, to alleviate the strain concentration effect, a locally thick-ened bladder
transition layer design strategy was proposed. Simulation results show that for tethered balloons
without compartment, the circumferential stress is approximately twice the axial stress, making
anisotropic fabric materials with an orthogonal modulus ratio of two more suitable. Using Vectran
fiber composites as the bladder base material and carbon fiber as the compartment structural com—
ponents yields the best overall load—bearing capacity. Under a 1-ton heavy load, the strain con-
centration factor of the rigid—flexible coupling system of the tethered balloon with the reinforced
transition layer design decreases by 11.3%, effectively improving the load-bearing capacity and
structural reliability of the tethered balloon. The proposed optimization strategy can provide theo-
retical guidance for the design of new types of aerostat systems in future, and promote the safe
application of tethered balloons.

KEYWORDS: tethered balloon; rigid-flexible coupling model; strain concentration effect; fi-

nite element simulation; parameter analysis
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Table 1 Parameters of fabric materials

g p/ E\/ E./ Es/ wvo= G/
M B (kg'm *) GPa GPa GPa vis=uvs GPa

Vectran 1410 53 120 2.28 0.12 0.5
UHMWPE 980 45 102 4.00 0.12 2.5
PBO-AS 1540 78 177  5.00 0.12 2.5
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Table 2 Parameters of A17075 and TC4

*j *’l’ ,0/ E/ oo/ T 0.02 / T 0.05 /
Zf  (kgem®) GPa Y  MPa MPa MPa
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Table 3 Parameters of carbon fibers

p/ E./ E./ Ei/ vno= G/
N o 1 2 3
PR R (kg rn”) GPa GPa GPa vi=vs GPa
T700 1550 230 150 15.0 0.3 5
T300 1550 121 86 8.6 0.3 5
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