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— application 327ff., 340ft.
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alumina 191ff,, 207ff., 219ff.
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application
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bend stress relaxation (BSR) 374
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bond 57
bond concept 293
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braid 27
—angle 27
— biaxial 28
— pattern 27
— triaxial 28
-UD 32
braided structure
— three-dimensional 34
braiding 173
— four-step 34
—square 34
— technology 32
— three-dimensional rotary 34
brake disk  385ff.
—assembly 396
— carbon/carbon (C/C) 391
— ceramic  391ff.
— grey castiron 391
— mechanism  396ff.
— metal matrix composite (MMC)
391
—ventilated 394
brake judder 397
brake pad 385ff.
—organic 389
— sintermetallic 389
brake rotor design 398
brake test 402
braking material 389
braze alloy 309
bridging 208
brittle failure 246
brittle fiber 43
brittle rigid material 300
BSR, see bend stress relaxation
bulk strength testing 373
burner 220ff.
—nozzle 206
— pore 227
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c
cantilever test 42
carbon 80f., 122
— fabrics 72
— matrix 73
— pore filling mechanism 79
— pyrolytic (pyC) 175
carbon fiber 12, 172

— reinforced plastics (CFRP) 117ft., 176,

280ff.
— reinforcement 71
—transfer 331

—type 71
— structure 14

carbon fiber reinforced carbon composite
(C/C) G6OfF, 81fF, 97, 134, 245, 309fF,,

328ff., 353

— brake disk 93ff., 391

— bulk protection system  83ff.
—bundle 116ff.

— delamination detection 280
— felt susceptor 108

— fixture 102ff.

— industrial application 82, 92
— insulation 107

—load carrying 102

— manufacturing  69ff.

— multilayer coated 88

— non-destructive testing 267
— oxidation 84

— oxidation protection 83

— preform 118

—tray 103

— unidirectional composite 71

carbon fiber reinforced silicon carbide (C/
SiC) 86, 114ff,, 130ff., 179, 247ft., 280ff.,

3041f., 385ff.
— application  340ff., 385ff.
— brake disk 385
— brake pad 385
— ceramics 276
— coating 175
— composite 136, 276, 304ft., 339ff.
— feature 179
— fracture behavior 245
- LPI 246
— LSI-based 131
— material 177
— non-destructive testing 267
— nozzle extension 182
— precursor 176
carbon fiber reinforced silicon carbide

composite (C/C-SiC) 86ff., 114ft., 130ft.,

2871t., 385

— CVI/LSI 245
— LSI-based 131
cellulose
— regenerated 17
ceramic brake disk 391ff.
ceramic clutch  403f.
ceramic composite 338ff.
— clutch 403
— manufacturing 343
— material 391
ceramic fiber reinforced composite
(CFRC) 356
ceramic matrix composite (CMC) 1ff.,
1141f., 141ft., 280ft., 287, 303ff.,
356
—all-oxide 205ff.
— application 153ff., 172
— CMC system 314
— combustion chamber 155
— corrosion  151ff.
—data 150
— fiber 1
— friction application 385ff.
— fusion reactor 156
— gas turbine 155
— high temperature property 151
— hot structure in space 153
— joining and integration  303ff.
—joint 308
— low-cycle-fatigue (LCF) 151
— manufacturing 175
— material 113ff., 170ff.
— mechanical property 148
— metal system 309
— micrograph 147
—mini 208
— non-destructive testing/evaluation/
inspection (NDT/NDE/NDI)
technique 261ff.
—nut 153
— oxidation 152
— property 121, 146ff.
—screw 153
— stress-strain behavior 149f.
— thermal shock 151f.
ceramics 376
— bulk strength testing 373
ceramization 176
Cera-NITE 360
CERASEP
—A373 345
— A400 345
— A410 344t
— application 345



— lifetime duration in oxidative
environment 345
CESIC material 114
chemical bond type 5

chemical vapor deposition (CVD) 88, 166,
191, 357
— coated C/C 106
— coating 87
— process 7
— SiC coating  88ff.
chemical vapor infiltration (CVI) 75f.,

113ff., 136, 333f., 357

- CMC 143,173

— coated C/C 106

— densification 79, 332

— fiber 116

— gradient 145

— impregnation 79

— isothermal 76

— precursor 166

— pressure gradient 77

— process  141ff.

—rapid 77

- SiC 370

- SiC/SiC  370ff.

— thermal gradient 76
chip transportation 295
chromia

— matrix porosity 195

— toxicity 195
clutch system 403
CMC, see ceramic matrix composite
coating  60f.

— engineered interface 188

— environmental barrier (EBC)

223

— fugitive 235

—porous 61

— protective 223

— thickness 191
coefficient of friction (CoF) 385ff.
coefficient of thermal expansion

(CTE) 130ff., 304ff.
combustion 223

— chamber 155
combustor liner 189, 206, 227
composite

— damage tolerant 49

— fabric-reinforced 2D 386

—graded 390
computed tomography (CT) 280

— defect detection 280

— functional principle 278

— micro-structural 282

92, 130,
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— process accompanying 284
- X-ray 278
conductivity
— thermal 130
— transverse  386f.
coolant 291
cooling air flow 401

cooling channel 395ff.
core

— extendable 395
—lost 395

— roughness depth 295
crack  49ff.

—arrest 55

- bridging 141, 205ff.

— deflection 59, 189, 205ff., 219

— deviation 49ff., 62

— formation 142

— interface 53ff.

— interfacial 62

— matrix 49ff.

— micro 267

— resistance  141ff.

— transverse  50ff.
creep 217, 248

— resistance 1, 57
CT, see computed tomography
CTE, see coefficient of thermal expansion
cutting 39

—grain 291
CVD, see chemical vapor deposition
CVI, see chemical vapor infiltration 75
cyclic stress 253
cyclic test 250

d
damage 234ff.

— detection 272

— tolerance 49ff., 61
debond energy 65
debonding 205ff., 233, 299

— progressive 233
defect detection 280

— computed tomography 280
deformation

— inelastic 241

—twin 195
delamination 215ff.
DEN (double end notch)
densification 79, 332
design aspect 398
deviation 66
diamond 291, 395

— polycristalline (PCD) 291

239ft.
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direct metal oxidation (DIMOX) 114, 232 — fabrics 216
displacement damage 366 — inorganic 1
Ditrichlet cell 214 — monazite coated 196
DLR (Deutsches Zentrum fuer Luft- und —non-oxide 172
Raumfahrt) 209 —oxide 172
double notch shear (DNS) 376 — polymer impregnation 115
drapability 42 — property 4f.
draping 39 — protection 115
drilling  287ff. - pull-out 141ff, 188ff., 205F.
— blind hole 298 — push-out 195f.
— carbon fiber reinforced silicon carbide — reinforced ceramics 175
composite (C/C-SiC) 287 — reinforced green body 117
— hollow drilling tool 291 - reinforced preform 118
— machining  287ff. — short fiber 392
dynamometer test 402 — short fiber architecture 387
— supramolecular structure 3
e — structure  2ff.
echo-pulse analysis  265f. — structure formation 3f.
electron-beam physical vapor deposition —type 2
(EB-PVD) 224 fiber coating 115, 146, 187ff., 205ft., 234f.
electrophoretic deposition (EPD) 191 - bridging 193
electroplated surface 298 —carbon 193
elevator 388 —cloth 193
elongation 41 — crusting 193
emergency brake system 385 — fabric 193
environmental barrier coating (EBC) 92, — fugitive 197
130, 223 — hermetic 198
EPD 194 —in-situ 196
European Apogee Motor (EAM) 183 — monazite 193ff.
evaluation, see non-destructive testing — preform 193

— strength 194
— thickness 191

fabrics 210 fiber matrix interface 115, 178, 189f.
— knitted 28 — crack deflection  189ff.
—non-crimp 29 — porous matrix 195
— reinforcement 404 fiber reinforcement 392
— three dimensional woven 30 — fabrics 404
fading resistance 397 — three-dimensional 194
fading test 402 filament damage 42
failure filament winding 173
— brittle 246 filler
fatigue 216, 251ft. —inert 177
FE model 239f. filter 220
fiber 1ff. final heat treatment (HTT) 80ff.
— architecture 21, 3871t. finite element model 238ff.
— brittle 43 firing nozzle 227
—bundle 216 flat-weft-knitting technology 29
—carbon 1ff, 71 flute 295
— ceramic 1 fracture
— ceramic matrix composite 1 — damage-tolerant 219
—coater 191 —energy 234ff,, 378
— continuous 194 — mechanism 148
- CVI 115f. — resistance 378

— degradation 195 — toughness 148



friction
— application 338, 385ff.
— coefficient 397
—internal 252
—surface 400
—system 134
frictional property 131
fundamental tolerance IT 294
furnace 971f.
—industrial 227
fusion reactor 156

gas cooled fast reactor (GFR) 354ft., 379
gas ionization detector 275
gas reactor technology 354
gas turbine 155, 206, 219ff.
Geiger counter 275
gelation 210
German Aerospace Center (DLR) 209
glass ceramics 207
GRABER 322
grain
— coarsening 206, 217
— cutting 291
graphitic matrix 95
green body 117f., 194, 394
grey cast iron  391ff.
grind-in behavior 292
grinding 288
GUIPEX preform  343f.

h
handling 39
heat capacity 393
heat shield 184, 206
heating
— frictional 255
helix angle 296
high isostatic pressing (HIP) 332
high modulus (HM) 71
high performance brake 402
high temperature furnace 97ff.
high temperature property 246
high temperature test reactor (HTTR) 380
hot pressing 194ft., 207
hot isostatic pressing (HIPing)
hysteresis curve 253

194, 207

i

IDSS, see interfacial debond shear strength
IFS, see interfacial friction stress

[HX, see intermediate heat exchanger
ILSS, see inter-laminar shear stress
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IM, see intermediate modulus
impregnation 83f., 102, 210
impulse excitation method 372
infiltration 29, 37ff.
— gradient 144
— isothermal 147
— isothermal-isobaric 144
— penetration depth  143f.
—time 146
- vacuum-assisted 210
infrared photography 269
inspection analysis, see also non-destructive
testing
— optical and haptic 262
integration
— CMC-metal system 309
— technology  304ff.
inter-laminar shear stress (ILSS) 376
interface 49ff., GOff.
—crack 53ff.
— property  235f.
— strength 66
interfacial debond shear strength
(IDSS) 378
interfacial friction stress (IFS) 378
intermediate heat exchanger (IHX)
intermediate modulus (IM) 71
interphase 49ff., 65
— transverse strength 66
ion irradiation 363
IT, see fundamental tolerance

354ft.

J

jet engine 133
joining
— CMC-metal system 309
— technology 40, 304ff.
joint
—design  304ft.
— stability 307
- strength 307
journal bearing  156ff.
— liquid oxygen (LOx) 159ff.
k

knitting pattern 30

)

laminate 210

laser communication terminal (LCT)
134

laser extensometer 242

launcher propulsion 180

lifetime prediction 219
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liquid
— immiscible 191
liquid oxygen (LOx) 159ff.
liquid phase sintering (LPS) 357
liquid rocket engine (LRE) 329ff., 341
— application  341f.

liquid silicon infiltration (LSI) 113ff, 261,
290, 385
- C/SiC 388
load
—sharing  54f.
— transfer 51ff.
loading
— off-axis  238ff.
— on-axis  238ff.

Lockin thermography 271
loop formation 28
low-expansion structure 134

LPI
— material 123ff.
- PIP 136
- PIP-CMC 127

LPS, see liquid phase sintering
LRE, see liquid rocket engine
LSI, see liquid silicon infiltration

m
machining 211

—hard 301
magnetron-sputtering 224
mandrel 32
manufacturing 394
material

— brittle rigid 300

— database 378

matrix
— ceramic matrix composite (CMC)
172
—pore 214
— porosity 195, 216
— porous  205ft.
-Si/C 119

matrix conversion 86
matrix crack 49ff., 66, 207ff.
matrix cracking stress 233
matrix interface 115

— fiber 115
matrix precursor 73f.
matrix system 73
mechanical property 44

— change 369
— evaluation 371
mechanism

— quasi-ductilizing 175

melt infiltration (MI) 357

- C/C-SiC 127

—C/SIiC  126ff.

— CMC material 114ff., 130

— LSI process 123f., 136

— process  113ff.

— SiC/SiC material 133

— SiSiC material 114
mesostructure 214
metal

— matrix composite (MMC) 391

— thermal treatment 102
metal organic chemical vapor deposition

(MO-CVD) 224
methanization 107
methyl-trichloro-silan (MTS)
micro-composite 62
micro-cracking 214, 267
micro-structural evolution 364
military aeronautical application 346
mini-composite  57ff.
modeling  238ff.

— micromechanical 243

143f.

— microstructural 231ff.
molding 94
moment of inertia 403
monazite 191ff.

— precursor 197
monolithic armor ceramics 135
morphology 3
mounted point 291ff.
— galvanic 293
— sintered 293
mullite 207ff., 219ff., 246

n
nano-powder infiltration and transient
eutectic (NITE) process 357ff.
— NITE-SiC 361
— NITE-SiC/SiC  361f.
nanotube 66
Naxeco process 333
near-net-shape 23
— manufacturing 395

Nextel 246
- 610 191ff.
-720 197

NITE process, see nano-powder infiltration
and transient eutectic process
non-destructive testing/evaluation/
inspection (NDT/NDE/NDI)
technique 261ff.
— echo-pulse analysis 265
— infrared photography 269



— optical and haptic analysis 262
— radiography (X-ray analysis)
- thermal imaging 269
— thermography 269ff.
— transmission ultrasonic analysis
— ultrasonic analysis  262f.
non-oxide ceramic filament fiber 11
non-oxide fiber 172
non-oxide precursor 171
nonwovens 24f.
notch sensitivity 244
Novoltex 330ff.
nozzle 335
— throat 336
nuclear application  353ff.

[4
OPS, see oxidation
optimization 290ff.
outer glass sealing layer 90
outer multilayer coating 88
overbraiding 32
oxidation 59, 248
— inhibitor 313
— protection system (OPS)
— stability 1
oxide 60
— coating 61
— fiber 172
oxide ceramic fiber 206
oxide ceramic filament fiber 10
oxide matrix
—dense 194
oxide/oxide CMC  189ff., 205ff.
—alumina sol 194
— ceramic precursor 194
— dense matrix 190
— fiber preform 194
- interlaminar 189
— matrix crack 190
— notch sensitivity 197
— off-fiber-axis strength 189
— porous matrix 191
oxide/oxide composite 1871t
— environmental stability 187
— interlaminar property 187
— matrix-dominated property 187
— microcracking 187
— porous matrix 187
— toughness 187

248ft.

pad material 404
PAN (poly acrylic nitrile) 394
— precursor 15, 331

272ff.

264

Index

parameter
— cutting speed 294
—feed 294
— tool rotation speed 294
pattern 25

PCCB, see Porsche ceramic composite brake
PCD, see polycristalline diamond
PDC, see polymer
pebble bed reactor (PBR) 354
permeability 209
photographic plate 275
photovoltaic cell 105
physical vapor deposition (PVD) 224
— electron-beam (EB-PVD) 224
PIP (polymer infiltration and
pyrolysis) 113fF,, 136, 165fF,, 303, 332
— application  165ff., 180ff.
— ceramic matrix composite (CMC) 175
— fiber-coated PIP-CMC 175
- LPI 136
- PIP-C/SiC  181f.
— precursor property  165ff.
— process  171ff.
PIRAC (powder immersion reaction assisted
coating) 87
pitch
— impregnation 332
— matrix process 334
— precursor 17
polycristalline diamond (PCD) 291
polymer
— derived ceramics (PDC) 165
— impregnation 115
— infiltration and pyrolysis, see PIP
— precursor 9, 170
— shrinkage mechanism 178
polysilicon 105
pore agglomeration 219
porous structure 43
Porsche ceramic composite brake
(PCCB)  392fF.
pre-pregging 194
precursor 389
— ceramic 194
— cross-linking behavior 167
- non-oxide 171
— property  165ff.
— pyrolysis behavior 169
—system  165ff.
preform 210, 328
— manufacturing 173
preforming 38
— multi-step 38
—one-step 38
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prepreg 38, 173
prismatic modular reactor (PMR) 354
process

— multi-step 23

—one-step 23

— strategy 295
processing

— preform 38

— prepreg 38
property

— mechanical 393

— thermophysical 393
proportional limit strength (PLS) 361
pseudo-boehmite 211
push-in  62ff.
push-out 62ff.
pyrolysis 210, 394

— behavior 169
pyrolytic carbon (pyC) 175

q

quality assurance 396
quality management 42

r
radial overbraiding machine 33
radiation damage 362
radiography 272ff.
— C/SiC composite 276
— limitation 278
re-infiltration 216
reaction-bonding 208, 224
redensification/recarbonization cycle 79
reinforcement, see also carbon fiber ... 343
- n-dimensional 328
— preform 329
— three-dimensional 329
relic process 7
resin
— infusion (RI) method 104
— matrix process 334
— transfer moulding (RTM) 117
rotor 388

roving 23
s
S-curve 253

sandwich design 37
sapphire 197

— fiber 194
satellite propulsion 182
Scheelite 197
self-healing layer 89
self-healing matrix 343ff.

SEM 193
SEPCARB  336ff.
SEPCARBINOX 341f.

— A500 344ff.

— application 345

— lifetime duration in oxidative

environment 345

sewing technology 40

— one-sided 40
shape weaving process 31
shear testing method 376
short fiber reinforced C/SiC 393
short fiber reinforcement 404
SICARBON 180

silicate

—rare earth 223
silicon

—alloy 314

— based precursor 165
— hydroxide 223
— infiltration 119
—molten 119
- Si/SiC 284
- SiC  113ff.
— SiC composite 385
- SiC fiber 116ff.
— SiC matrix 114ff.
- SiC/ALO; 246, 306
- SiC/C preform 118
— SiC/Si-B-C composite  348f.
- SiSiC  113ff.
silicon carbide fiber reinforced silicon
carbide matrix composite (SiC/
SiC) 113ft., 128ft., 246ft., 304ft., 3391f.,
353ff., 368
— composite material 379
— NITE process  359ff.
silicon treatment process 86
siliconizing 394
single edge notch beam test (SENB)
sintering
— pressureless 194
sliding element 95
small specimen test technique (SSTT)
372
Soft-Cera 198
solar energy market 105f.
solid rocket motor (SRM) 329
—nozzle 335
solid state array 275
solution/sol/slurry precursor 191
space application 131, 3271f., 340ff.
space transportation 206
space vehicle 227

244f.



spacecraft 226
spacer fabrics
— contour warp knitted 38
— warp-knitted 37
spinning dope 7
spinning process
—core 24
—dry 4
—melt 4
—-wet 4
square-braiding 34
stability
— high temperature 1
stator 388
stiffness 253
strain 44
strength  50ft., 65
— interfacial 61
— strengthening 57
— transverse 53
— ultimate  55f.
stress 61
— concentration 61
—cyclic 253
— interface shear 56
— residual  50ff., 307

— shear 50
— state 306
— tensile 50

subcomponent 318
surface roughness 306
swelling 364

— point-defect 364ff.

t
TAC, see total accumulated cycle
tailored fiber placement (TFP) 40, 104
TEM 193
tensile

— high (HT) 71

—loading 233

—modulus 6

—strength 6, 41, 62, 195, 216

— ultimate tensile strength (UTS)

128

test

—bending 248

— brake 401f.

— cantilever 42

—cyclic 250

— dynamometer 402

— fading 402

— pin-on-disc 160

- ring-on-disc 157

Index

— single edge notch beam (SENB) 244f.
— small specimen test technique
(SSTT) 372
testing, see also non-destructive testing
— bulk strength 373
— composite 374

—issue 304f.
— shear testing method 376
textile

— architecture 23
— two dimensional 23
— three dimensional 23ff.
textile preform 21
textile reinforcement structure 21ff.
thermal conductivity 130, 221ff., 366ff.
thermal diffusivity 220
thermal fatigue 220
thermal gradient 187, 220
thermal imaging 269
thermal insulator 220
thermal protection system (TPS) 327
thermal shock 187, 220
thermal stability 218
thermal treatment
—metal 102
thermography 269ff.
— Lockin 271
— ultrasonic (US) induced 272
thermoplastic 74
thermosetting resin 73
thixotropy 312
thrust vector control (TVC) 132
titanium alloy 359
tool  290ff.
— diamond 395
total accumulated cycle (TAC) 348
toughness  54ff.
tow
— transverse 50
transmission ultrasonic analysis 264
trepanning 301
tribological behavior ~386ff.
tribology
—data 158
— friction coefficient 160
- liquid oxygen (LOx) 159
- pin-on-disc test 160
- ring-on-disc test 157
—system 157ff.
turbine engine 226

u
UD-braid 32
ultimate tensile strength (UTS) 128
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ultrasonic analysis  262ff. wettability 305

- CMC 2067 WHIPOX 211, 224

— physical principle 263 winding pattern 211

work of fracture 234

v woven fabrics  25f.
vacuum bagging/autoclaving 194 — multilayer 31
vacuum plasma spraying 224 —non-crimp 25
ventilated brake disk 394 — three dimensional 30
ventilated ceramic brake disk 401 —tubular 31
very high temperature reactor woven spacer fabrics 31

(VHTR) 354ft., 380 wrinkling 42
volatilization 223

b'¢

w X-ray 272ff.
warm press technique 394 —analysis 272
warp-knit 28 — C/SiC composite 276

— spacer fabrics 37 — computed tomography 278ff.
water jet cutting 404 — detection 274
water vapor 223 — figure intensifier 275
wear 293 —film 275

— behavior 398 — limitation 278

—insert 400 xenotime 195

—rate 388

— resistance 209, 385 y
weak interface composite (WIC) 231ff,, yarn

243ff. — architecture  21ff.

— CVI derived 232 - commingling 24
weak matrix composite (WMC) 231ff,, - guiding element 36

2444, Young’s modulus determination 372
weaving yttrium 223

— three dimensional 173 yttrium aluminum garnet (YAG) 207, 224
weft insertion 29
weft-knit 28 z

— multilayer 37 zirconia 224

Weibull modulus 373 zirconia silica 197



