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Abstract

Compared to conventional zero-pressure balloons, the ‘lobed-pumpkin’ type superpressure balloon requires a
heavy structural weight, reducing payload weight that can be carried. To improve this limited capacity, we have been
developing a novel type of superpressure balloon in which the envelope is covered with a diamond-shaped net. For
this type of balloon, the gross weight of the balloon film is largely reduced, because the film stress is relaxed due to
the covering net. The present paper discusses the structural characteristics of the proposed superpressure balloon
based on the finite element method. Topics include the inflated shape of the balloon, tensile force distributions of the

covering net and the stability characteristics of the balloon, evaluated through eigenvalue analysis of the finite
element model. It was found that the stability of the proposed superpressure balloon is largely influenced by the
geometry of the covering net. The results suggest that the use of an appropriate geometrical pattern for the net will

effectively improve the stability of the balloon.
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Fig. 1 Non-uniform deformation of balloon

near the polar part.
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Fig. 2 Balloon film and covering net.
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Fig. 3 Finite element model of diamond-shaped net.
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Fig. 4 Boundary conditions of balloon model.

Fig. 5 MFC on nodes along top endcap boundary.

Table 1 Properties of model balloons.

Balloon name NPBO01-2 NPBI1-1 NPB3-1
Volume [m*] 106 593 3,000
Diameter of balloon [m] 6.76 12.0 20.6
Number of gores 12 16 30
Film thickness [pum] 10 10 10
Mesh size of net [mm)] 101 101 101
Distance of neighboring 7 47 41
ropes at the equator [mm]

Number of .ropes crossing 600 1,600 3.000
the equatorial plane

Aspect ratio of diamond 038 024 022
at the equator

Diameter of endcap [mm] 460 520 600

Mesh size

Distance of neighboring
ropes at equator

Fig. 6 Mesh size and distance of neighboring

ropes at equator.
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Fig. 7 Axial force distribution of NPB01-2 (100 Pa).
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Fig. 11 Buckling modes of NPB1-1 (mode 3 and mode 4).
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Table 2 Number of buckling modes

for different balloon sizes.

Balloon size
33m 6 m 10.3m
Pressure Number of  |Pressure Number of Pressure | Number of
[Pa] buckling modes [Pa] buckling modes [Pa]  |buckling modes
NPB01-2 900 2 225 2 100 2
NPB1-1 955 6 289 5 100 5

NPB3-1 11 7 278 7 100 7
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Table 3 Number of buckling modes for different mesh sizes.

m esh size ofnet
half reference| twice [quadruple
NPB01-2 1 2
NPB1-1 5 8
NPB3-1 1 9 20
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