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abrasion resistance 233
abrasive water jet cutting 206—7
ABAQUS 51, 54, 161
affine deformation 30
Airbus Industry A380 198, 2001, 211-12
aircraft industry 197, 240-1
see also thermoset prepreg
aluminium 190-1
diaphragms 270
Amoco Fabrics 220
amplification factor 305-9
amplification linkages 305-9
analytical modelling 213-15
angle classes 153, 154
anisotropic fibre distribution 153, 154
ARALL (aramid aluminium laminate) 199,
200
aramid fibres 205
Aramis 302-3
Aromatic Polymer Composite APC-2 261
aspect ratio 8
asymmetric lay-ups 181-2
audio cones for loudspeaker systems 235
autoclave pressure 192
automated tape laying (ATL) machines
239
automated tow placement (ATP) machines
239
automotive parts
co-moulding 2734
compression moulding simulation
161-3, 164-5, 168-9
hot compacted 2324
axial loading 2, 9-10
see also tensile behaviour
axial stresses 177-8, 179

balanced twill weave 295, 296
benchmarking 293-317

forming process and fabric properties
295-7
future trends 315-16
numerical analyses 313-15
test procedures and results 297-313
bending
FML 208
modelling 216-17
mechanical work of 94, 96
ply bending 2, 1214, 245
tow bending 245
bending energy 83
bending stiffness 12—13
glass rovings 97, 98, 100
woven prepreg 245
bias extension test 8-9, 294, 295
constitutive modelling 41-2
hot-compacted polypropylene 229-30
thermoset prepreg 244-5, 247-8
see also intra-ply shear
biaxial tension 81-2
model for woven fabric 89-93
comparison with finite element
simulation and experiment 903
outline of the algorithm 89-90, 91
parametric description of fabric
behaviour under simultaneous shear
and 96-111
tests 9-10
biaxial weave model 27
bladder moulding 271
blank holder 267
blank holding force (BHF) 128, 136-42
blank (preform) shape 131
direct method for shape optimisation
131-4, 135
blast resistance 203
bonding technology 199
bowing 183-6



breather cloth 268
Brent’s method 123
broken fibres 128, 253
buckling 128-9

test 13—14

tow buckling 245-6

see also wrinkles/wrinkling
bunching 248

carbon-epoxy prepreg 240
see also thermoset prepreg
carbon fabric TPCs 257, 258-9
carbon UD TPCs 257, 258-9
Carreau-WLF model 148-9
cases, protective 233, 234
Catia Composites Design 279
cemented carbide/hard metal tool bits 206
centre of force 170-1
certification 279, 281
chemical shrinkage 179-80
spring-in of curved parts 187-90
shrinkage after vitrification 187-8
shrinkage before vitrification 188-90
circumferential stresses 179
clamping mechanisms 299-300
classic laminate theory (CLT) 213-14
commingled fabrics
benchmarking 295-316
consolidation behaviour 18
TPCs 260
hot stamping 267-8
co-moulding 2734
compaction 2, 14, 19
compaction behaviour of reinforcements
14-17
number of compaction cycles 16
complex parts, distortion in 192—4
composite/metal hybrids 197-219
development of 198-201
see also fibre metal laminates (FML)
composite modulus 222-3
composites design and development 277-92
composites data exchange 281
composites development process 278-80
draping and forming simulation 2824
linking forming simulation to
component design analysis 284-91
accounting for material shear 288-9
design variables for thickness and
orientation 286
discrete optimisation 287
failure analysis 289
initial zone sizing 284-5
optimisation in FEA codes 285
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ply-based analysis 287-8
solid element generation 290-1
stochastic analysis 289-90
zone description 285-6
zone orientation 287
zone and ply descriptions 277-8
compression 81-2
fabric behaviour under simultaneous
shear and tension 111
glass rovings 97-9, 100
model of compression of woven fabric
84-9
outline of the algorithm 84-5
2D laminates 868
3D fabrics 88-9
yarns in a relaxed woven fabric 83—4
compression moulding 1, 144
TPCs 264-8
flow moulding of GMT 264-7
hot stamping of commingled fabrics
and aligned prepregs 266, 267-8
compression moulding simulation 144-76
examples of use 161-71
fibre orientation simulation 164-5
flow simulation 1614
quality control 16971
stiffness and failure analysis 1669
measurement of material data 172—4
theoretical description 145-61
calculation of fibre orientation 153-61
flow transfer simulation 145-9
heat transfer simulation 149-53
COMPRO 193
conduction 149
conjugate gradient (CG) method 118, 1214
consolidation 2, 14, 181
consolidation behaviour of prepreg 17-19
effect on spring-in 191-2
multi-ply forming and re-consolidation
simulations 70-5
constitutive axes 52, 53
constitutive modelling 22-45
continuum-based laminate modelling see
continuum-based laminate
modelling
continuum models 26-9
discrete models 23—-6
future trends 43—4
multi-layered models 29
continuous approaches to FE analysis 49-57
hypoelastic model 514
macromechanical model used in a
commercial FE code 56-7
non-orthogonal constitutive models 54—6
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continuous fibre reinforcements 48, 224-5
continuous fibres reinforced thermoplastics
(CFRTP) 70-5
prepregs 49
simulation of CFRTP forming processes
712
continuum-based laminate modelling 2943
constitutive equation for a single layer
314
kinematics 304
multi-layer effects 34-5
parameter characterisation 35-43
bias extension 41-2
picture frame 3641
pull-out 42-3
continuum drape models 26-9
elastic models 26-7
multi-component models 27-9
viscous models 27
continuum theory 166, 167
control volume approach 147
convection 149
convergence speed 120-1, 122
cooling stage 127
Cooperative Research Centre for Advanced
Composite Structures (CRC-ACS)
253, 254
corner thickening/thinning 181, 191-2
corrosion resistance 205
cost analysis 117
crack bridging 202-3
crack growth
aluminium alloy 200, 202
FML 200, 202, 21415
crimp 60, 85, 223, 245-6
de-crimping 9
elementary crimp intervals 82-3
heights 82-3, 84, 89-90
non-crimp fabrics see non-crimp fabrics
(NCFs)
critical fibre concentration 155
cross ply (CP) laminates 207
cure, degree of 150-1
curing, differential 181
CURV 220, 224, 233, 234, 236
see also hot compaction
curved parts/plates 178-9
spring-in of 186-92, 194
cutting 205-7, 218
cyclic thermoplastic polyesters (CBTs)
274-5

dampening term 156
Darcy law 47

dashboard 162, 164
data exchange 281
de-crimping 9
defects 128-30, 131
see also buckling; wrinkles/wrinkling
deformation gradient 54
deformation energy 172
deformation mechanisms 1-21
axial loading 2, 9-10
compaction 2, 14-17, 19
consolidation 2, 14, 17-19
intra-ply shear 2, 3-9, 19
ply bending 2, 12-14
ply/tool and ply/ply friction 2, 10-12
in woven fabric prepreg 241-7
degrees of freedom (DOFs) 29
delamination 227-8
density 204
dependencies 96, 103-5, 106-7
design points (parameter sets) 125-6
diaphragm forming 127-8
thermoset prepreg 248-9
diaphragm materials 251
tooling 251-2
TPCs 270-1
differencing points 150
differential curing 181
differential thermal contraction 177-9,
180, 1812
diffusion 149
direct methods for optimisation 142
shape optimisation 131-4, 135
discrete (mesoscopic) approach to FE
analysis 50, 57-9
discrete drape models 23-6
mapping-based schemes 23—4
particle-based schemes 24-5
truss-based schemes 25-6
discrete layer calculation of fibre
orientation 159-60
discrete optimisation 287
distortion 177-96
in flat parts 181-6, 194
fundamental mechanisms 177-81
in more complex parts 192—4
spring-in of curved parts 186-92, 194
door panel 161-3, 164-5, 168-9
double curved laminates 212—13
double-diaphragm forming 248-9, 270-1
doublers 212
downhill simplex (DS) method 118-21, 122
drape modelling 22-3, 46-7
constitutive modelling see constitutive
modelling



drape simulation 246, 2824

comparison with forming simulation 284

see also composites design and
development
dressed virtual humans 25
drilling 207
dry fabrics 1
ductility 223, 224

E-LFT (endless fibre reinforced long fibre
thermoplastic) 274

edge milling 2067

elastic energy 208

elastic material continuum models 267

elastic stress 31-2

electrical properties 204

elementary crimp intervals 82-3

empirical models 16-17

enclosed fibre angle 31

energy-based mapping method 24

energy method for normalisation 311-12,
313

energy transport see heat transfer
simulation

equilibrium, picture frame 39

errors 93

ESI-QuickFORM 46

expansion coefficients 177-9, 180

EXPRESS 145, 161

fabric area, normalisation by 311, 312
fabric-based TPCs 257, 258-9, 2601
co-moulding 2734
hot stamping 267-8
fabric reinforced fluid (FRF) model 30
fabric thermoset prepreg 241-7
fabrics, simplified dynamic equation for
60-1
failure analysis
composite design and development 289
simulation of compression moulding
166-9
failure factor 167-8, 170
failure strain 201-2, 207
fatigue
resistance for FML 199, 200, 202-3
stress intensity factors for FML 214-15
FiberSIM 46
fibre breakage 128, 253
fibre bridging 202-3
fibre distribution function 153, 154, 156,
160-1
fibre extension (stretch) 30
thermoset prepreg 246, 254
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fibre interaction coefficient 156—7
fibre metal laminates (FML) 197-219
development of 199-201
modelling 213-17, 218
analytical modelling of mechanical
properties 213—15
FE modelling of FML structures
215-16
forming processes 216—17
lay-up processes 217
production processes 205-13, 218
cutting processes 205-7, 218
formability aspects 2078
forming processes 208—11
lay-up techniques for FML shells
211-13
properties 201-5, 218
mechanical 201-3
physical 204-5
fibre orientation
design variables for 286
distribution 128
reorientation 22
simulation and composite design 279,
280
simulation of compression moulding
153-61
examples of use 164-5
fibre pre-orientation 160-1
fibre transport 153-5
model for calculation of fibre rotation
155-8
solution of differential equation 158-9
thermoplastic discrete layer
calculation 159-60
thermoset prepreg 241
fibre volume fraction 14-17
gradients 181, 182-3
fibre wrinkling, spring-in due to 190-1
filament wound tubes 180
finite difference method 150-1
finite element analysis (FEA) 25-6, 4679,
81-2, 1934, 277-8
approaches to 49-50
bi-component model of dry fabric
forming 28
commercial FE code 56-7
comparison of model of uniaxial and
biaxial tension of woven fabric
with 90-3
component design analysis and
optimisation 285-91
composite development process 279
continuous approaches 49-57
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discrete approach 50, 57-9
forming simulation 284
comparison with kinematic simulation
284
mechanism and specificity of composite
forming 48-9
modelling of FML structures 215-16
multi-ply forming and re-consolidation
simulations 70-5
multi-scale materials 48
semi-discrete approach 59-70
fire resistance 2045
fishnet model 234
FIT (Fibre Impregnée de Thermoplastique)
process 261
flame treatment 2334
flat plates/parts 178
distortion 181-6, 194
due to asymmetric lay-ups 181-2
due to resin bleed and volume
fraction gradients 182-3
due to tool-part interaction 183—6
flattening coefficient 99, 100, 111
flow conductivity 146—7
flow moulding 2647
flow simulation 145-9
examples of use 1614
isothermal 1468
non-isothermal 148-9
Fokker 199
Folgar-Tucker fibre orientation model
155-7
footwear, safety 235
formability 207-8
forming boxes 251-2
forming limit diagram (curve) 129-30,
131, 132, 133, 216
four-node finite element 65-7
frame angle 37-8, 301
frame length 310, 311
friction 2, 10-12, 567
between glass rovings and steel 99, 100
moment 94, 95
stress gradients due to frictional effects
before gelation 185-6
fully constituted TPCs see unidirectional
(UD) TPCs

gelation 188, 190

generators (fibre paths) 282-3

geodesic generators 283

geometric model 234

GLARE laminates 200-1, 202, 204, 214
glass fabric TPCs 257, 258-9

glass fibre-based GLARE 200
glass fibre-reinforced polymers 3941,
224-5
glass mat thermoplastic (GMT) 1, 144
forming trials for self-reinforced
polypropylene using a commercial
GMT production line 230-1
TPCs 257, 258-9
co-moulding 2734
flow moulding 264-7
glass rovings, properties of 97-100
glass transition temperature 181-2
glass UD TPCs 257, 258-9
global failure criterion 167
global ply modelling 279, 280
GMText 274
golden section method 123
gradient techniques 285
Green-Naghdi approach 51, 52

Halpin-Tsai model 166
hand lay-up 240-1
heat sources 250-1
heat transfer simulation 149-53
energy transport after filling stage
149-51
energy transport after part ejection
152-3
energy transport during filling stage
149
four stress layers 151-2
Hele-Shaw flow model 145, 146
helper points 150, 152-3
hemispherical forming
matched hemispherical mould
experiments 2269
optimisation of process parameters
136-40
unbalanced fabric 67-70
high temperature polymer diaphragms 251,
270
homogenisation 51
honeycomb structure 199
Hong Kong University of Science and
Technology (HKUST) 294,
297-313, 314
hoop stresses 177, 178
hot compaction 220-38
commercial exploitation 224-5
commercial products 232-5
future developments 235-6
postforming studies 225-32
forming trials using a commercial
GMT production line 2301



picture frame and bias extension tests
229-30
tensile tests and matched
hemispherical mould experiments
226-9
thermoforming strategies 232
process 2204
hot compaction temperature 222
hot stamping process 266, 267-8, 295-7
hybrid drape algorithm 25
hybrid materials 197
development of composite/metal hybrids
198-201
FML see fibre metal laminates
hydrostatic stress 32
hypoelastic model for fibrous materials
514, 55

impact resistance 203, 233
implicit method 158-9
in-plane deformations
FML 207
modelling 216
semi-discrete approach and in-plane
shear 62-5
see also intra-ply shear
inclined plane method 10-11
indirect (iterative) optimisation methods
134-42
initial zone sizing 284-5
injection 48
input data 111-12
interacting particle model 24-5
interaction between fibres 155-7
interface traction 35, 42-3
interior elementary work 65-7
internal stresses see residual stresses
interply shear (interply slip) 71
woven fabric prepreg 241-3
intertow slip 246
intra-ply shear 2, 3-9, 19, 207
benchmarking 294, 297-316
bias extension test see bias extension
test
constitutive modelling 3642
picture frame test see picture frame test
thermoset prepreg 243—4, 247-8
intra-ply tensile loading 2, 9-10
Invar 190
isothermal bladder moulding 271
isothermal diaphragm forming 270
isothermal flow simulation 146-8
isothermal forming 262, 263
isothermal vacuum forming 268-9
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isotropic fibre distribution 153, 154
isotropic polypropylene sheet 2245
iterative optimisation method 13442

Jaumann approach 51
Jeffrey model for fibre orientation 155

Katholieke Universiteit Leuven (KUL)
(Belgium) 294, 297-313, 314, 315
Kawabata Evaluation System for Fabrics
(KES-F) 3, 36
kinematical models 46
continuum-based laminate modelling
30-4
discrete model 234
draping simulation 282—4
compared with finite element forming
simulation 284
Kriging method 125-6

Laboratoire de Mécanique des Systemes et
des Procédés (LMSP) (France) 294,
297-313, 314

LAM option 285-6

laminates 178

compression of 86—8
zone and ply descriptions 277-8
laser jet cutting 2067
lay-up processes
FML 211-13, 218
modelling 217
hand lay-up 240-1

Lie derivative 54, 55

linkages, amplification 305-9

liquid composite moulding (LCM)
processes 49

locking 60, 102, 107, 180, 245

locking angle 4-5, 8, 107, 129, 230, 282

benchmarking 310, 314-15

long discontinuous fibre prepreg 254

long fibre thermoplastic (LFT) 2734

looseness factor 100-1

luggage, protective 234

macromechanical models
compression moulding simulation 166,
167-8
used in a commercial FE code 567
macroscopic scale 48
magnetic properties 204
mandrels 251-2
manufacture, composite design and
279-80, 281
mapping approaches 23
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drape modelling 234
mapping function 1334
masses and springs 58, 59
matched mould processes 18
matched hemispherical mould
experiments 226-9
material data measurement 172—4
material property sets 289
materials characterisation 1-21
axial loading 2, 9-10
benchmarking see benchmarking
compaction 2, 14-17, 19
consolidation 2, 14, 17-19
constitutive modelling 3543
intra-ply shear 2, 3-9, 19
ply bending 2, 12-14
ply/tool and ply/ply friction 2, 10-12
matrix phase 221-3
mechanical conditioning of samples 301,
309-10, 313, 315
mechanical fastening 207
mechanical modelling 23
mechanical properties
FML 201-3
analytical modelling 213-15
TPCs 258-9
see also under individual properties
mechanical simulation of compression
moulding 166-9, 170
mechanical work of shear deformation 93—
6
melt impregnation 259
melted and recrystallised phase 221-2,
227-8
melting peaks 221-2, 227-8
mesoscopic (discrete) approach to finite
element analysis 50, 57-9
mesoscopic scale 48
metal matrix composites (MMCs) 197-8
metal sheet 129, 130
optimisation 1402
metal volume fraction (MVF) approach
214
micromechanical models 43, 1667
microscopic scale 48
minimum bend radius 208
minimum energy, principle of 801, 84, 90
moisture uptake 181, 182
molecular weight 224
mould filling 47
MSC.Nastran 279, 287-8
PCOMP card 285, 286
Mullins effect 251
multi-component continuum models 27-9

multi-layered composites 24
continuum-based laminate modelling
34-5
drape models 29
multi-ply forming 70-5
shell element with pinching 72—4
simulation of CFRTP forming processes
712
simulation of forming and re-
consolidation stage of a Z profile
74-5
multi-scale materials 48

natural element method (NEM) 46
nesting 868
Newton-Raphson (NR) method 134
Newtonian flow 145, 146-7
nodal interior load 65-7
non-crimp fabrics (NCFs) 5, 6, 57
meso-mechanical model 59
optimisation of process parameters for
NCF with tricot stitch 13640
non-isothermal diaphragm forming 270-1
non-isothermal flow simulation 148-9
non-isothermal forming 2624
non-isothermal vacuum forming 269-70
non-Newtonian flow 145
non-orthogonal constitutive models 54-6
normalisation 9
benchmarking studies 300, 310-13
NSF Composite Sheet Forming Workshop
293
numerical forming investigation 313—15
nylon twill 67-70

objective derivatives 514, 55
objective functions 118, 132-4, 135, 142
in composite forming 127-31
sheet metal and optimisation of BHF
141-2
optical measurement of shear angle 302-3
optical strain analysis 63, 64
optimisation 117-43
component design analysis 284-91
composite forming 12642
objective functions 127-31
optimisation of process parameters
using iterative optimisation method
134-42
shape optimisation using a direct
method 131-4, 135
methods 118-24
using a surrogate model 124-6
orientation see fibre orientation



orientation tensors 153

oriented fibre phase 221-2, 227-8
out-time (age) 240-1
over-injection moulding 273
overlap splice 212

PAM-FORM code 567
parallel simulations 121, 124
part ejection, heat flow after 1523
partially impregnated materials 17-18
particle-based drape models 245
performance analysis 117
phenomenological models 16
physical properties of FML 2045
picture frame test 3-7, 63—4
benchmarking 294, 297-313
continuum-based laminate modelling
3641
equilibrium 39
kinematics 37-9
hot-compacted polypropylene 229-30
pre-consolidated laminates 39—41
types of frame 298-9
pinching 724
plain weave 295, 296
ply bending 2, 1214, 245
ply descriptions 277-8
ply details 279, 281
ply drop-off 279
ply lay-up 279, 281, 287, 288
ply/ply friction 2, 10-12
ply pull-out tests 11, 42-3
ply/tool friction 2, 10-12, 43
poly crystal diamond (PCD) tipped tool
bits 206
polyetherimide (PEI) 261
polyethersulphone (PES) 261
polyethylene 221-2, 223, 235-6
polyethylene naphthalate (PEN) 236
polyethylene terephthalate (PET) 222, 223,
236
polyoxymethylene (POM) 236
polypropylene (PP)
comparison of mechanical properties of
PP-based materials 2245
self-reinforced composites 221, 222,
223-5, 236
commercial products 232-5
postforming studies 225-32
pores 71-2
post yield modulus 226, 227
powder impregnated fabrics 260-1
hot stamping 267-8
preconditioning 301, 309-10, 313, 315
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preform shape see blank (preform) shape
preforming 22, 240
pre-orientation distribution factor 160-1
prepreg 1, 239

consolidation behaviour 17-19

picture frame test 5, 7

thermoplastic 127-30, 131

thermoset see thermoset prepreg
press brake bending 209
press forming 210, 211, 249-50
Press rheometer 1724
pressing force, calculated vs measured

163-4

pressure

autoclave pressure 192

distribution and hot stamping 267-8

temperature-pressure-time profiles 2623
process parameters 127

optimisation 117, 131-42

iterative optimisation method 134-42
shape optimisation 1314, 135

projected generators 283
Propex Fabrics 220, 224
protective cases and luggage 233, 234
pull-out tests 11, 42-3

quality control 169-71
quenching 262, 263

radial stresses 177, 178
random short glass fibre filled
polypropylene 224-5
rate of deformation tensor 32-3, 38
reaction moulding 274-5
re-consolidation 70-5
see also consolidation
reinforcement compaction 2, 14-17, 19
relaxed state of a woven fabric, model of
824
release film 268
repeatability 309-10, 313, 315
representative volume elements (RVEs)
25-6
residual strength 203
residual stresses 177-96
distortion in flat parts 181-6
distortion in more complex parts 192—4
FML 204, 208
double curved laminates 213
fundamental mechanisms causing
177-81
spring-in of curved parts 186-92
resin bleed 181, 182-3, 191-2
resin infusion 18, 211
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resin-poor regions 183
resin-rich regions 181, 183
responsive surface method (RSM) 124-5
rhombus test see picture frame test
riveted joints 215-16
roll bending 210
roll forming 210, 211
TPCs 272
Rosenbrock functions 119-20, 121, 123,
125
routing 2067
rubber press forming 249-50

safety footwear 235
sample preparation 3001
sandwich materials 197, 199
sandwich moulding 274
saturation 16
scissor and slide draping mechanisms 282
self-reinforced composites see hot
compaction
semi-discrete approach 59-70
experimental and virtual test for tensile
and in-plane shear behaviour 62—5
four-node finite element made of woven
cells 65-7
hemispherical forming of an unbalanced
fabric 67-70
simplified dynamic equation for fabrics
60-1
semi-preg materials 17-18
shape
composites development process 2789,
281
objective functions and shaping 127-31
optimisation 129-31
direct method 131-4, 135
process capabilities of thermoset prepreg
253, 254
shear 81-2
composite design and development
288-9
in-plane shear behaviour 62-5
intra-ply shear see intra-ply shear
model of shear of woven fabrics 93-6
parametric description of fabric
behaviour under simultaneous shear
and tension 96-111
comparison with experiments 105—11
parameterisation of the shear diagram
100-5
properties of glass rovings 97-100
shape of the shear diagrams 101-3
shear angle 5-7, 31, 38, 137, 138, 301-3

benchmarking 306, 309, 315
vs shear force 5-7, 39, 40-1, 309-13
shear couple 61, 63—4
shear edges 265-6
shear force 5-7, 217
benchmarking 304-5, 306-8, 309
normalisation 310, 311, 312, 313
vs shear angle 5-7, 39, 401, 309-13
shear lag analysis 189-90
shear modulus 103-5, 1067
benchmarking study 313-15
shear resistance 103-5
shear strain interpolation 66
shear stress 314
ply/tool friction 11-12
shearing 206
sheet forming 117
optimisation see optimisation
sheet moulding compounds (SMCs) 1, 144
see also thermoset prepreg
shell-based drape models 26—7
shell elements 290
with pinching 724
short fibres 48
shrinkage 229
chemical see chemical shrinkage
silicone rubber diaphragms 251, 270
simplex 119
see also downhill simplex method
simplified dynamic equation 60-1
single curved laminates 212
single-diaphragm forming 248, 249
skin panels for aircraft structures 211-12
sled runner 171
slip factor 35, 42
slip law 35
slurry deposition (wet laying) 259
smooth particle hydrodynamics (SPH) 46
soccer shin guards 233, 234
solid element generation 290-1
solvent impregnated TPCs 261
splices/splicing 212, 279
sports protection 233, 234
spring back 208
spring-in 179, 180
of curved parts 186-92, 194
effect of consolidation 191-2
fibre wrinkling and tool-part
interaction 190-1
shrinkage after vitrification 187-8
shrinkage before vitrification 188-90
thermoelastic spring—in 186—7
squeeze flow rheometers 1724
stack forming behaviour 247



stamp forming 127-8
hot stamping 266, 267-8, 295-7
TPCs 264-8
see also compression moulding
standardisation 36, 315
stationary layers 159, 160
stiffening index 16-17
stiffness analysis 166-9
stochastic design improvement (SDI)
289-90
strain interpolation coefficients 66—7
strain tensor 53
stress gradients 1846
stress intensity factors 21415
stress layers 151-2
stress-strain relations
FML 201-2
modelling 213-14
hot compacted polypropylene sheet 226,
227
non-orthogonal constitutive models 55-6
silicone rubber 251
woven fabric prepreg 244-5
stress tensor 50, 53
stretch forming 210, 211
structural analysis 279
suitcase shell 162, 163—4
surface activity 2334
surface profile functions 86
surrogate model 1246

tape prepreg 2478
tearing 129-30, 131
Technical University of Delft 199-200
temperature
hot compaction process
hot compaction temperature 222
melting peaks of two phases 221-2,
227-8
postforming studies 226-32
thermoset prepreg 246
temperature-pressure-time profiles 2623
tensile behaviour 2, 9-10
fibre metal laminates 201-2
glass rovings 98, 99-100
model of uniaxial and biaxial tension of
woven fabric 89-93
parametric description of fabric
behaviour under simultaneous shear
and tension 96111
self-reinforced polypropylene 226-9
semi-discrete approach 62—5
tensile modulus 90-1, 201, 202, 257,
258-9
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tensile strength 257, 258-9
tensile surfaces 60-1, 62, 63
tension tensor 61
Tensylon 236
thermal contraction, differential 177-9,
180, 181-2
thermal history 246
thermoelastic spring—in 186-7
thermoforming 127-8, 240
thermoforming studies of self-reinforced
polymers 225-32
thermoplastic composites (TPCs) 144,
256-76
basic principles of TPC forming
technologies 2624
discrete layer calculation of the fibre
orientation 159-61
drape models 28
forming methods 264-72
recent developments 273-5
TPCs for forming 256-62
thermoplastic prepreg 127-30, 131
thermoset composites
hot compaction process see hot
compaction process
see also thermoset prepreg
thermoset prepreg 49, 144, 239-55
deformation mechanisms in woven
fabric prepreg 241-7
diaphragm forming tooling 251-2
forming processes 248-50
future trends 2534
potential problems 252-3
practicalities of forming thermoset
prepreg stacks 240-1
process capabilities 253, 254
tape prepreg 247-8
tooling and equipment 250-1
thermostamping process 266, 2678,
295-7
thickness
design variables for 286
diversity 128
glass rovings 97
three-dimensional (3D) fabric, compression
of 88-9
through-thickness contraction 188-90
through-thickness expansion coefficients
179, 180
tool-part interaction 180
distortion in complex parts 192-3
distortion in flat parts 183—6
spring-in due to 190-1
tool/ply friction 2, 10-12, 43
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torsion, mechanical work of 94, 95, 96

total Cauchy stress 31-4

tow bending 245

tow buckling 245-6

transversal forces 89-90, 93, 94

transverse stretching 248

trellising see intra-ply shear

tricot stitch, NCF with 13640

truss elements 25-6, 58

twist 178, 179

two-dimensional (2D) laminates,
compression of 86—8

ultimate tensile stress 201, 202
unbalanced fabric 67-70
twill weave 295, 296
unbending of yarns, mechanical work of
94, 96
uniaxial tension model 89-93
comparison with finite element
simulation and experiment 90-3
outline of algorithm 89-90
unidirectional (UD) laminates 207
unidirectional (UD) TPCs 257, 258-9,
261-2
hot stamping 267-8
unit cells 25-6
University of Massachusetts Lowell
(UML) (USA) 294, 297-313, 314,
315
University of Twente (UT) (Netherlands)
294, 297-313, 314

vacuum consolidation 18
vacuum forming 268-70
vacuum infusion 16
vacuum pump/compressor 250
vacuum table 269
Vantage Polymers Ltd 220
variable layers 159-60
velocity profile 154, 159-60
vertical displacement, mechanical work of
94, 96
virtual testing 19, 80-116
creating input data for forming
simulations 111-12
mechanical model of the internal
geometry of the relaxed state of a
woven fabric 82—4
model of compression of woven fabric
84-9

model of shear of woven fabric 93-6
model of uniaxial and biaxial tension of
woven fabric 89-93
parametric description of fabric
behaviour under simultaneous shear
and tension 96111
comparison with experiments 105-11
parameterisation of the shear diagram
100-5
properties of glass rovings 97-100
viscosity 57, 1724, 246
viscous material continuum models 27
viscous stress 31, 32-3
viscous traction 35, 42-3
vitrification
chemical shrinkage after 187-8
chemical shrinkage before 188-90
volume fraction see fibre volume fraction
von Mises strain distribution 302—3
von Mises stresses 177-8

wall adhesion 173, 174

wall slippage effects 1724

warp yarns 101

weave patterns 82-3, 100

weaving density 100-1

weft yarns 101

wet laying (slurry deposition) 259

width, roving 97

WiseTex 82

woven cells 65-7

wrinkles/wrinkling 4, 22, 181, 310
finite element analysis 68—70
optimisation of composite forming

128-30, 131, 13840

sheet metal optimisation 129, 130
spring-in due to fibre wrinkling 190-1
thermoset prepreg 2523
woven prepreg 245-6

yield stress 201, 202
Young’s modulus 90-1, 201, 202, 257,
258-9

Z reinforcement 71
simulation of forming and
re-consolidation stage 74-5
zone descriptions 277-8, 285-6, 287-8
zone lay-up 279, 281
zone orientation 287



