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Abstract: In order to obtain the tensile membrane structure with optimal performance, the shape optimization
design of umbrella-shaped membrane structure under wind load was carried out based on quantum particle

swarm optimization algorithm. A multi-objective optimization model was established, taking the rise-span ratio
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and the chord cable tension as the optimization variables, and taking the strain energy, stress fluctuation coef-
ficient and maximum support reaction force as the optimization objectives. The fitness function was constructed
by the distribution coefficient method. The optimization calculation was carried out with the fitness function as
the evaluation standard. The effectiveness and superiority of the quantum particle swarm optimization algo-
rithm were proved by comparison with the optimization results of the particle swarm optimization algorithm.
The results show that the ratio coefficient among the chord cable tension, membrane prestress and span of the
optimal umbrella-shaped membrane structure under the action of wind load is about 0. 77, and the optimal
structural rise-span ratio is 0. 33-0. 41, and the optimal value is mainly concentrated around 0. 35.

Keywords: umbrella-shaped membrane structure; wind load; multi-objective shape optimization; quantum

particle swarm optimization algorithm; fitness function
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Fig.1 Schematic diagram of umbrella-shaped membrane structure
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Fig. 2 Relationship among optimization objectives, rise span ratio and spinal cord tension
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Tab.4 Optimization results of 20 m span structure
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