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Abstract

This research paper presents the numerical analysis of an inflatable wing structure made of the
Nylon66 textile material. Mechanical properties in warp, fill, and bias directions of the Nylon66 are
determined by a set of tensile tests according to the ISO 13943-1 and 13943-2. An inflatable test
apparatus is constructed in order to measure the radial deflection of circular membrane of Nylon66
material subjected to a uniform internal pressure.

This multi-physic coupling aspect interacting between fluid/structure module is performed in the

Fluent and ANSYS Static Structural code. Once obtaining the pressure distribution on the outer wing
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surfaces resulting from the computation fluid dynamics module, the structural module takes into account

this pressure distribution as input loading data in order to further the structural computation. The global

deformation and stress distribution in the inflatable wing can be finally obtained. Benefit of numerical

model can be used in improving strength/weight ratio of the aircraft structure.

Validation between the experimental result obtained from the inflatable test and that of the finite

element analysis is made in order to verify the reliability of the numerical model.

Keywords: inflatable wing structure, membrane deflection, finite element analysis
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Properties of Nylon66

Young’s modulus in warp (El) 274 MPa
Young’s modulus in fill (E,) 302 MPa
Young’s modulus in bias ( E,s) 64.1 MPa
Poisson’s ratio (U;,, U,,) 0.38
Shear modulus (G,) 17.2 MPa
Ultimate tensile stress 80 MPa
Area density 41.05 g/m2
Thickness 0.1 mm
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Struct.member Ele.type No.elements
1. Upper surface quad 60,166

2. Lower surface quad 61,007

3. Ribs quad/tri 51,441

4. Spar quad/tri 11,048
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