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A Mathematical Model for Out-of-Plane Deformation of High-Elastic
Tight Fabric under Uniform Pressure
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Abstract: This paper investigates the out-of-plane deformation behaviors of tight woven fabrics in circular
clamped shape under uniform pressures. Combined with stretching, bending, shearing energies, as well
as work done by exerted pressures, the systematic energy minimization theory was established to obtain
the fabric maximum deformation and profiles of deformation. The self-assembly out-of-plane
deformation tester tested the out-of-plane deformation of three tight woven fabrics with different degree
of elasticity. The results show that the out-of-plane deformation is related with its Young’s modulus and
Poisson’s ratio, and the maximum error between prediction and experiment is found less than 12 6%,
indicating the accuracy of developed mathematical model. This developed model can be used to predict
other deformation behaviors of elastic and non-elastic woven fabrics for predictive applications.
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Fig 2 Schematic of fabrics’ deformation instruments
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