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Modern textile industry shows a steadily growing demand for control of textile proper-
ties including elastic, frictional, acoustic and other characteristics. In many applications
the design of textile microstructure is to be optimized. Material properties of the yarns,
settings of the knitting process and the knitting pattern itself can be the subject of the
optimization problem. Solution of the direct problem itself already poses serious difficul-
ties for existing models. Full-scale 3D simulation of such structures involves modeling of
elastic bodies with massive contact on initially unknown contact interfaces and leads to
intractable computational problems. Thus dimension reduction techniques are of great
interest. Among these are beam models which allow to reduce the problems from 3D to 1D
(for example, see [2]) and homogenization which allows to work with macro-scale problems
as continua problems with material properties obtained from special cell problems.

In this work we present a model based on hyperelastic one-dimensional strings with fric-
tional point contact reduced to special type of inequality conditions with help of classical
Euler-Eytelwein or capstan formula. We solve the model numerically as a constrained
mathematical optimization problem. Due to high non-linearities stemming from non-
linear material laws and frictional stick-slip switching, we use continuation scheme com-
bined with projected Newton-Rhapson method.

For small deformations case with linearized contact and no irreversible slip we present an
adjoint-based approach for design optimization of parametrized large-scale beam struc-
tures. With help of homogenization approach the direct problem with beam structure in
contact is reduced to an anisotropic continuum elasticity problem through solution of a
cell problems set.

The described approach can be used to find optimal design of certain type of woven or
knitted textiles. Examples of optimization of normal pressure profiles or effective Poisson
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ratios are provided.

Figure 1: An example of cell problems set computed to determine effective material properties

Figure 2: Behavior of textiles optimized for minimal and maximal Poisson ratio when stretched from
square initial patch, the respective microstructures are shown at the sides.
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