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Abstract

The present work presents a scientific contribution towards better understanding and

prediction of the draping behavior of woven fabrics for their potential use in polymer

composite systems. The draping behavior describes the deformation behavior imply-

ing the ease of which the reinforcing fibers will conform to the required geometry. This

allows the prediction of deformation defects in woven composites manufactured with

hand lay-up or liquid molding processes. The thesis focuses on the study of natural

Egyptian Jute fabrics, for which the current use is limited to packaging applications.

The aim of the study is to investigate the potential use of these fabrics as continuous

reinforcement systems by comparison of their characteristics with the well established

synthetic glass fibers. Therefore, several types of plain weave jute and glass fibers

with variations of densities and woven structure were considered. Experiments for the

characterization of the physical and mechanical properties of the studied fibers were

performed. In a further step, experiments were conducted for the characterization

of the deformation behavior of fabrics over single and double curvature molds. The

correlation between woven fabric properties and their deformation behavior was ana-

lyzed. Finally, numerical analysis based on Finite Element modeling was implemented

for the prediction of draping behavior of fibers. For this purpose, the operation of the

draping simulation software PamForm2G was investigated. Moreover, by comparison

to experimental results, important model variables which have significant effects on

simulation accuracy were identified. The achieved understanding of the model param-

eters provides more accurate predictions which allow optimization of the composite

forming process.
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Chapter 1

Introduction

The mechanical properties of polymers reinforced with continuous fibers have made

such composites attractive for structural applications where high strength-to-weight

and stiffness-to-weight ratios are required. For example, percentage by weight of

composites has been increasing steadily in commercial aircraft, from 4% in Airbus

A300 to over 25% in A380; Boeing’s 787 and Airbus A350 are expected to use over

50% of composites, thus giving a much needed boost to the composites industry [1].

Woven fabric reinforced composites have especially attracted a significant amount of

attention from both industry and academia because of their continuous fiber rein-

forcement advantages, and supreme formability characteristics. Woven fabrics are

created by weaving of yarns into a repeating pattern. A yarn is made of continuous or

stretchable fibers with diameters typically in the order of micron meters (µm). Woven

reinforcement textiles are tailor-designed to meet the requirements for their end use.

The woven strength, thickness, extensibility, porosity and durability can be varied

depending on the weave used, the number of threads per centimeter (thread spacing),

the raw materials structure (filament or staple) and twist factors of the warp and

weft yarns. Woven fabrics provide higher strengths and greater stability compared to

any other fabric structure weaved using interlaced yarns. Structures can be varied to

produce fabrics with widely different properties in the warp and weft directions [2].

Apart from aircraft applications, other commercial applications for textile composites
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