Table of contents

KUFZEOSSUNG ... veveveeeeeieieeeeeeeeeeee ettt e e e eeeeeeeeeeeeeeeeseeeseeeeesssessessesssneenee I
ABSHIOCE ..ottt et e e e et ee e 1l
Table of CONTENTS. ... e ettt e e e e e e e e e e e \'%
Abbreviahions. .......ooei i IX
o1 o1 oY o SRS X
1 INOAUCHON. L.t 1
1.1 OBJECHIVES ettt 3
1.2 Scope Of WOrk ...oooiiiiiii e 4
2 State of the Art......ooiiiiiee e 5
3 Process-dependent material behaviour — PEEK polymers ..............ceeueeeiies 13
3.1 VISCOSTY .ottt 14
3.2 CrystAlliNY coeeeiiie e 18
1R B =Yoo T o i 11V 24
3.4 Thermal CondUCHVIEY .ooovvvviiiii e 27
3.5 Thermal eXpansion........c.uuuiiiiiiiiiiii e 29
3.6 Flexural storage Modulus..........cooviiiiiiiiiiiiiiii e 32
3.7 DBNSHY s 34
3.8 Conclusion — PEEK polymers........ccuuvviiiiiiiiiiiiiiiiieeeeeeeee e 35
4 Process-dependent material behaviour — hybrid textiles..................ovvvnnins 37
4.7 Thermal shrinking .....oeeeiooii e 39
4.2 Flow path lengths and microstructure ..........ccooeviiiiiiiiiiie 41
4.3  Conductive heat transfer.............cooooiiiiiii 44
4.3.1 Heat transfer in carbon fibre textiles ..o 44



Table of contents

4.3.2
4.4
4.5
4.6

5

5.1
52
5.2.1
522
5.2.3
53
5.4

6.1
6.2
6.2.1
6.2.2
6.2.3
6.2.4
6.2.5
6.2.6
6.3
6.4

7.1
7.2
7.2.1
7.2.2
7.2.3
7.3
7.4

8.1
8.2
8.3

\

Heat transfer in hybrid fextiles ..o 45
Compaction characteristiC.........oovuuviiiiieieiiiiiiee e 49
Permeability........ooiiiiiii e 58
Conclusion — hybrid textiles .........ccoviiiiiiiiii 62
Development of a two-phase thermoforming process..........ccceeeverereiinnns 65
Concept development..........ooiiiiiiiiiiii e 67
Detailed deSign....co.eeeeiii e 70
VY et 70
Compression T00lINGS .. ..vvvtiieiiiiiiii et 72
Transfer of COVIY ...ovviiii e 73
Energetic efficiency of Isoforming and variothermal thermoforming.............. 74
Conclusion — Isoforming Process........couuveieiiiiioiiiiiieiieee e 75
Model development for processing hybrid textiles..........cc.oeevereriiiiiceneee.. 77
H O INIG e 79
LT D GO ION L. 83
Macro-impregnation including autohesion / healing ........c....cooovviiiiiiinl. 83
Meso-Impregnation ... 84
MOdEIlING. ..o 86
Numerical SIMUIGHON. .....o.eviiiii e 93
Results and sensitivity analysis.............cooviiiiiiiiiiieiiiiiiiieeee e 95
Aspects for model-validation ...........ccoovviiiiiiiiii e 99
SOlIAITICAHON e 102
Conclusion — model for consolidation of hybrid textiles............................ 105
Sensitivity analysis of consolidation parameters..............oevvvviiiiieiiennennns 107
Influence of textile configuration.............oooviiiiiiiiiiii 110
Influence of process parameters.............coovviieiiiiiiiiiiiiceeeee e 113
Influence of impregnation fime ........ccccooiiiiiiiiiii e 113
Influence of Pressure.......ooviiiiiiiii i 116
Influence of solidification on internal stresses............ccccoovviiiiiiiiiiiannn.. 119
Influence of the void content...........ooooiiiiiiiiiii 121
Conclusion — sensitivity analysis ..........oeeieviiiiiiiieeeeeiiiiiee e 123
Process analysis .........coeeeeeieeiiiieiieeeeeee e, 125
Online thickness acquisition ..........uvviiiiiiiiiieecee e 126
FiDrE-0pHC SENSOIS .vvviiiieeeeeeiiei ettt e e 129
Transparent t00liNg .....vveiieeiiiiiii et 133
Conclusion and oUlook ..........eeiiiiiiiiiiiiiiiee e 135



[ (=Y 1 U (- PPN 139

Appendix — Numerical simulation of impregnation ...........cooveiviiieciiiinininineen. 149
List OF IQUIES «.eevviiiiiiiiiiiiieieeeeeee et ee e e reeeseeeeeeeeerrrarees 157
Publications and student thesis. ..........cocuviiieiiiiiiiiiii e 161

Vil



