
1 Motivation and scope ................................................................................ 1

2 Literature review........................................................................................ 5
2.1 Background to composite pressure vessels................................... 5

2.1.1 Composites........................................................................ 6
2.1.2 Filament winding............................................................. 7

2.2 Analysis of composite pressure vessels........................................ 13
2.2.1 Analytical approaches ..................................................... 13
2.2.2 Finite element analysis..................................................... 17

2.3 Experimental characterization of composite pressure vessels .. 19
2.3.1 Strain and displacement monitoring................................ 19
2.3.2 Acoustic emission analysis............................................. 21

2.4 Correlation of numerical and experimental analysis................... 24
2.5 Summaty and research questions................................................ 27

3 Material and methods................................................................................ 29
3.1 Robot-assisted towpreg winding.................................................... 29

3.1.1 Manufacturing................................................................... 29
3.1.2 Liner geometries and layups............................................. 31

3.2 Experimental characterization..................................................... 33
3.2.1 Test chamber..................................................................... 33
3.2.2 Stripelight projection........................................................ 35
3.2.3 Digital image correlation................................................... 36
3.2.4 Airborne acoustic emission............................................. 37

3.3 Determination of material properties........................................... 39
3.3.1 Stiffness and strength........................................................ 39
3.3.2 Fracture toughness .......................................................... 40
3.3.3 Fiber volume fraction and porosity.................................... 41

xvii

http://d-nb.info/1241131759


xviii Contents

3.4 Structural analysis .......................................................................... 43
3.4.1 Three-dimensional elasticity theory................................ 44
3.4.2 Finite element analysis...................................................... 44

4 In situ characterization methodology.................................................... 51
4.1 Evaluation of thickness build-up................................................... 52

4.1.1 Analysis of dome contour and manufacturing influence . 52
4.1.2 Correlation to thickness prediction................................... 54

4.2 Characterization of deformation behavior................................... 57
4.2.1 Full field strain analysis ................................................... 58
4.2.2 Quantitative description of deformation........................... 64

4.3 Failure monitoring and localization.............................................. 68
4.3.1 Analysis of interfiber failure.............................................. 68
4.3.2 Insights on vessel failure................................................... 74

4.4 Concluding remarks...................................................................... 79

5 FE modeling and correlation..................................................................... 81
5.1 Model definition.............................................................................. 82

5.1.1 Material characterization................................................... 82
5.1.2 Geometry definition........................................................... 91

5.2 Correlation of mechanical response.............................................. 97
5.2.1 Deformation behavior......................................................... 98
5.2.2 Damage progression and final failure.............................. 104

5.3 Concluding remarks...................................................................... 108

6 Influence of stacking sequence.................................................................. Ill
6.1 Experimental design...................................................................... 112

6.1.1 Stress gradient through-the-thickness.............................. 113
6.1.2 Observations on vessel failure............................................ 116

6.2 Fiber volume fraction and porosity............................................... 117
6.3 Deformation behavior................................................................... 120

6.3.1 Cylinder strains ................................................................ 120
6.3.2 Strain distribution in dome and cylinder-dome transition 122

6.4 Damage progression and final failure............................................ 127
6.4.1 Interfiber failure................................................................. 127
6.4.2 Final failure......................................................................... 130
6.4.3 Influence of circumferential ply drop locations............. 133

6.5 Concluding remarks...................................................................... 135



Contents xix

7 Application on fullscale geometry ......................................................... 137
7.1 Design considerations................................................................... 137

7.1.1 Dome contour................................................................... 138
7.1.2 Layup design..................................................................... 139

7.2 Structural analysis ........................................................................ 140
7.2.1 Deformation behavior........................................................ 140
7.2.2 Final failure........................................................................ 142

7.3 Comparison to the state-of-the-art................................................ 145
7.4 Concluding remarks..................................................................... 147

8 Design considerations to composite pressure vessels........................... 149

9 Summary and outlook................................................................................ 157

List of publications................................................................................................. 161

Supervised student theses ................................................................................... 165

Curriculum vitae.................................................................................................... 167

Published volumes................................................................................................. 169

References................................................................................................................ 171


