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Form finding of inflatable cable-membrane structure

CHEN Zheng, ZHAO Haitao, CHEN Ji’ an

(School of Aeronautics and Astronautics, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract : An inflatable membrane structure derives its structural integrity from pressure difference, so as to support
its self-weight and other external loads. To increase the bearing capacity of membranes, cables with more strength
are added to adjust the shape and stress distribution. Form finding is ecritical for inflatable cable-membrane
structures, and pressure difference is the key factor that influences the shape and stiffness of the inflatable
structure. Based on the nonlinear finite element theory, the concept of pressure difference presetting was proposed
and combined with the nodal equilibrium method for optimization. According to the design goals of airships, the
form finding scheme was put forward to achieve multi-objective optimization. First, the geometric shape that
satisfies the specific stress ratio between the cable and the membrane was obtained by combining the pressure
difference presetting method and the nodal equilibrium method. Then, the final shape with expected volume was
achieved by scaling up and down. Results show that the stress of the cable after form finding was twice as large as
that before form finding, where the cable fully exerted its load-bearing effect. In addition, the stress distribution of
the membrane was more uniform, and the bearing capacity of the overall structure was strengthened. The study can
provide reference for solving practical engineering problems.
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Fig. 1 Form finding scheme combing pressure difference
presetting and nodal equilibrium methods
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Fig.2 Finite element model of circle membrane with radius of
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Tab. 1 Process of equilibrium iteration
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mm MPa MPa
Stepl 2 096.28 2.232 2.961
Step2 2 097.57 2.232 2.959
Step3 2 098.85 2.233 2.957
Step4 2 100.13 2.233 2.956
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Displacement and stress of membrane structure after

Fig. 3
form finding
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Fig.4 Influence of pressure difference on height change
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Fig.5 Form finding scheme for airship cable-membrane structure
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Fig.6 Sketch of airship cable-membrane structure
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Tab.2 Material properties of membrane and cable
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Fig. 7 Comparison of shape before and after form finding,

where the volume is 33.5 m’
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Fig.8 Local enlarged drawing of the shape before and after
form finding
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Fig.9 Comparison of stress before and after form finding
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