
Contents

List of F ig u r e s ................................................................................................................. XI

List of T ables....................................................................................................................  XV

Nomenclature ................................................................................................................. XVII

K urzfassung....................................................................................................................  XXI

Abstract.............................................................................................................................  XXIII

1 Introduction .............................................................................................................. 1
1.1 Motivation and O bjective.................................................................................. 2
1.2 Outline .............................................................................................................. 4

2 Thermoplastic Prepregs...........................................................................................  5
2.1 Thermoplastic P o ly m e rs .................................................................................. 5
2.2 Viscoelasticity of Polym ers..............................................................................  6

2.2.1 Boltzmann Superposition Principle ..................................................  8
2.2.2 Maxwell M odel..................................................................................... 10

2.3 Structure of Continuous Fiber Reinforced Polym ers...................................... 13
2.4 Manufacturing of Thermoplastic P rep regs.....................................................  15
2.5 Processing: Thermoforming P rocess............................................................... 18

3 Draping Simulation of Thermoplastic Prepregs..................................................  21
3.1 Overview of Draping Simulation Techniques..................................................  21

3.1.1 Kinematic A pproach ...........................................................................  21
3.1.2 Finite Element Approach.....................................................................  21

3.2 Material Characterization of Thermoplastic P re p re g s ................................... 23
3.2.1 Tensile Characterization.....................................................................  24
3.2.2 Shear Characterization........................................................................  24
3.2.3 Friction Characterization.....................................................................  28

4 Bending Characterization of Textile C om posites...............................................  31
4.1 Materials .................................................................   31
4.2 Cantilever T e s t .................................................................................................  33

4.2.1 Cantilever Experiments on GF/PA6 Fabric.........................................  36
4.3 Dynamic Mechanical A nalysis........................................................................  40

4.3.1 DMA Experimental Set-Up ............................................................... 41
4.3.2 DMA Results GF/PA6 Fabric ............................................................ 43
4.3.3 DMA Results GF/PA6 Fabric, conditioned ......................................  43

http://d-nb.info/1125644494


4.3.4 DMA Results CF/PA6 UD T a p e ...............................................................  45
4.4 Dynamic, High Curvature Bending T ests...............................................................  45

4.4.1 Test Procedure for GF/PA6 and C F/PA 6..................................................  47
4.4.2 Results of Bending Experiments CF/PA6 UD T a p e ...............................  48
4.4.3 Results of Bending Experiments GF/PA6 Fabric ................................... 51

4.5 Oscillatory Constant Deformation R ate..................................................................  54
4.6 Sinusoidal Deformation...........................................................................................  58

5 Simulation of Bending B eh a v io r .................................................................................. 61
5.1 Cantilever Results as Input for Draping S im u la tio n ............................................  61
5.2 Temperature Proportionality M ethod.....................................................................  63
5.3 Linear Viscoelastic M o d e l .....................................................................................  66

5.3.1 Material Model subjected to Single Deformation in Rheometer Bending
Experiments ..............................................................................................  70

5.3.2 Material Model subjected to Oscillatory Constant Deformation Rate . . 72
5.4 Non-Linear Viscoelastic M odel............................................................................... 74

5.4.1 Material Model subjected to Single Deformation and Relaxation . . . .  77
5.4.2 Temperature Dependency ........................................................................  78
5.4.3 Material Model subjected to Oscillatory Constant Deformation Rate . . 80
5.4.4 Material Model subjected to Sinusoidal D eform ation............................  81

6 C onclusion ........................................................................................................................ 83
6.1 Bending Characterization........................................................................................  83
6.2 Simulation of Bending B ehav io r...........................................................................  85

Bibliography........................................................................................................................... 87


