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Local shape optimization design of super-pressure balloon under

bidirectional tension
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Abstract; In order to solve the problem that the super-pressure balloon in the near space tandem balloon system being subjected to special

boundary and load conditions, a method for optimizing the local shape of the two poles of spherical super-pressure balloons under bidirectional

tension based on the natural shape equations was proposed. Through the smooth connection of the numerical solution generatrix segment and the arc

generatrix segment, the complete generatrix of super-pressure balloon with a certain angle at two poles was obtained, which was symmetrical up and

down. The stress distributions of the super-pressure balloons before and after the local shape optimization were analyzed by the finite element

method, and the effectiveness of the local balloon shape optimization method was verified. On this basis, the key factors affecting the effectiveness

of local balloon shape optimization were analyzed, including the arc length of the numerical solution generatrix segment, circumferential stress input

condition, local shape, and the radius of the arc generatrix segment, providing an important reference for the selection of key parameters in the local

shape optimization of spherical super-pressure balloon.
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Fig.1 Diagram of the tandem balloon system
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Fig.2  Flow chart for numerically solving the

shape of super-pressure balloon
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Fig.3 Complete balloon generatrix numerical solutions

corresponding to different input conditions
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Tab.1 Pole angles of the complete balloon generatrix
numerical solutions corresponding to
different input conditions

BRIE 6,/ 6./  (1-16,176,)/
;ﬁ:% P/Pa L/N ) ) o

1 100 20 40.759 -40.144 1.509

2 100 30 34.312 -33.947 1.064

3100 40  29.487 -29.240 0.838

4 100 50 25.855 -25.674 0. 700

5 1000 20 57.048 —56.234 1.427

6 1000 30 55.934 —55.403 0.949

7 1000 40  54.874 —54.484 0.711

8 1000 50 53.851 —53.545 0.568

9 100 20  40.744 -39.024 4.221

10 1000 20 57.049 -54.776 3.984
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Tab.2 Design parameters of super-pressure balloon
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Tab.3 Parameters of membrane materials involved in

finite element simulation
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MR/ MPa 1085
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JELRE/mm 0.048

WhE/ (kg - m ™) 1083.3
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