ICS 49.140 TECHNICKA NORMALIZACNA INFORMACIA Maj 2022

Kozmicka technika TNI
] Priru¢ka o konstrukénych materialoch CEN/TR
Cast’ 1: Prehlad a vlastnosti materialov a aplikacie | 17603-32-01

TNI

31 0540

Space engineering - Structural materials handbook - Part 1: Overview and material properties and applications

Tato technicka normalizana informacia obsahuje anglicku verziu CEN/TR 17603-32-01:2022.
This Technical standard information includes the English version of CEN/TR 17603-32-01:2022.

Tato technicka normalizaéna informacia bola oznamena vo Vestniku UNMS SR &. 04/22

obsahuje
farebné
strany

134703

Urad pre normalizéciu, metrolégiu a skigobnictvo Slovenskej republiky, 2022
Slovenska technicka norma a technicka normalizacna informacia je chranena zakonom €. 60/2018 Z. z. o technickej normalizacii.


scasna
obrázok pre farebnú normu


TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metroldgiu a ski$obnictvo Slovenskej republiky

TECHNICAL REPORT CEN/TR 17603-32-01
RAPPORT TECHNIQUE
TECHNISCHER BERICHT January 2022

ICS 49.140

English version

Space engineering - Structural materials handbook - Part
1: Overview and material properties and applications

Ingénierie spatiale - Manuel des matériaux structuraux Raumfahrttechnik - Handbuch der
- Partie 1: Vue d'ensemble, propriétés des matériaux et Konstruktionswerkstoffe - Teil 1: Ubersicht und
applications Materialeigenschaften und Anwendungen

This Technical Report was approved by CEN on 22 November 2021. It has been drawn up by the Technical Committee
CEN/CLC/]JTC 5.

CEN and CENELEC members are the national standards bodies and national electrotechnical committees of Austria, Belgium,
Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy,
Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Republic of North Macedonia, Romania, Serbia,
Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and United Kingdom.

CENELEC

CEN-CENELEC Management Centre:
Rue de la Science 23, B-1040 Brussels

© 2022 CEN/CENELEC All rights of exploitation in any form and by any means Ref. No. CEN/TR 17603-32-01:2022 E
reserved worldwide for CEN national Members and for
CENELEC Members.



TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CEN/TR 17603-32-01:2022 (E)

Table of contents

European FOreWOrd..............oiieciiiirieirirrmes s s s s s sms s s s s s s s s s s r s nms s s nnnmnnas 32
INEroOdUCHION......... s e 33
O A=Y 34
PR R oo o T P PURPPPPR 34

Pt Pt O 1= o =T | PP 34

1.1.2  POlYMEr COMPOSIIES .. ciiiii et e e e e e aa e e eees 34

1.1.3  Advanced mMaterialS............uuiiiiiiiiiice e 34

1.2 Polymer-Dased COMPOSIES........uuuuuuiuiiiiiiiiiiiiiiiiiiieiiiiieiieieeeeeeeeeaeee e 35
1.21 BacKkgroUnd.........couuiii e e 35

1.2.2  European space industry perspective...........ccooveviiveiiiiieiiiieiiceee e 41

1.3 Metal and ceramic-based COMPOSItES........cccvviiiiiiiiiii e 42
1.3.1  BacCKgrOUNG......... e eeeeeaees 42

1.3.2  Materials teChnolOgY .......ooouniiiiiii e 42

1.4 Structural MaterialS........oouiieiii e a e 47
141 GENEIAl ..o 47

1.4.2 Materials ..o e 47

1.4.3  Composite terminology ... 49

1.4.4  Simultaneous material and part manufacturing ..........ccccccciviiiiiiiiiiiinnnnn. 49

1.4.5 Case studies and examples ............ooouiiiiiiiiiiiiiiiicice e, 50

LR T 5 =Y = =Y Tt PP 50
1.5.1 7= =T = | PP UUPPPPPPPRIN 50

1.5.2  ECSS dOCUMENLES.....cciiiiiiiiieeieeeeeeeeeee ettt 51

2 Material characteristics and selection............ccccceiiiiiininnnnnnn, 52
220 T 10 o Yo [0 T34 o o PSSP 52
200 GENEIAL .. 52

2.1.2  Material availability ... 52

2.2 Basic features of composite materials for space use ........cccccccvvvviiiiiiiiiiiiiiiiiiinnnn. 52
220 GENEIAL .. 52

2.2.2  Types of COMPOSILES .......cceviiiiiiiiiiiieeeee e 53

2.3 Reinforcement fIDresS........ooovviiiiiiiiiiiiiiie e 53




TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CEN/TR 17603-32-01:2022 (E)

231 GENEIAl ..o 53

2.3.2 Carbon fibres for CFRP.........coiiiiii e 53

2.3.3  Aramid fibres for ARP ..o 54

234  GlasS fIDreS oo 55

2.4 MAtriX SYSEMIS. ...eiiiiiiiiiiiiiiiiiiee ettt 56
241 EDOXY FESINS ...ttt 56

2.4.2  Cyanate ESIErS.....ouuuuiiii i 56

2.4.3  Otherthermosetting resSins .........cooiiiiiiiiicc e 57

244  Thermoplastic MatriX.........ouuuiiiiiiii e 57

245  NON-polymer MatriX.........ooouiiiiiiiiiiii e 57

2.5 Common fibre, prepreg and resin SyStemMS ...........iiieiiiiiiiiiiiccee e 58
2.5.1 Commercial ProAUCES ......vveiii e 58

252 PrePIreg .. 59

2.5.3 Manufacturing @SpPeCES .........cuuuiuiiiiiiieii e 59

2.6  Triaxial Woven fabriC ..........cooiiiiiiiiiiiiiiiiieeeeeeeeeeeeee e 61
2.6.1 1] 1o Yo [H o7 { o o PSR 61

2.6.2  TWEF WRAVE.....cc oo 61

A A 5 (= =T =T o o7 63
2.7.1 LCT=T =T = | P USEPPPPPRR 63

3 Materials data for laminate design.......cccccciiiiiiiiiiiricc s 64
K Tt B [0 Yo [ o 1o ] o S 64
3.2 POlymer MatriCes .......cooiiiiiiiii 64
3.2 GENEIAL ... 64

3.2.2  Epoxy: Mechanical properties .........cceiiviiiiiiiiiiiii e 64

3.3 ReinforcemMent fiDres.......cooooiiiiiiii 68
3.3.1 LCT=T =T = | P USEPPPPPRR 68

3.3.2  Carbon fibres .....cooeeeeeeeeeeee 68

3.3.3  Mechanical Properties .........cooeeieeieeieeeeeeeeeee 70

3.3.4  Thermal Properties .......ccooeeeeieeeeeeeeee e 72

3.3.5 Composite manufacturing aspects ..........ccoeoeeeiieiiiiie, 72

3.4 Woven cloths and fabriCs...........coooiiiiiiiiiieee e 74
3.5 WeEaVE tYPES ..o 74
3.6 Areal Weight.......ooooiiiii 75
3.7 Warp and weft characteristiCs ... 75
3.8 Single and unidirectional composite plies ...........ccccvviiiiiiiiii 76
3.9 Design allowables...........cooooiiiiiiii 82
3.9 GENEIAL ... 82




TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CEN/TR 17603-32-01:2022 (E)

3.9.2  Notation for design allowable data ...............cccoooiiiiiiii 83

3.9.3  Unidirectional carbon HT composite...........ccooiviiiiiiiiiiiiiiiieeeee e 84

3.9.4  Unidirectional carbon HM composite..........ccooveiiiiiiiiiiiiiii e 87

3.9.5  Unidirectional glass COMpPOSIte.........cccoovmiiiiiiiiiiieei e, 90

3.9.6  Single ply fabric carbon HT composite ...........coooeeiiiiiiiiiiiieeeee, M

3.9.7  Single ply fabric aramid COMPOSIte..........ccoeeiiiiiiiiiiii e, 93

3.10 RefEreNCeS ....cooeieeeeeeeeeee 94
3101 GENEIAL ... 94
T L0 T2 To U o= T 95

4 Laminate mechanical properties.......ccccccomeeeciiimmmcsirrrrsrs s e s s eenas 96
S T 1 1o T U T3 1T o SRR 96
S W o= Lo I 1 = [ o U Y= O URRPPPRRP 96
4.3 Effects of elevated temperature ............coooooiiiiiiiiii e 98
4.3.1  GeNEIAl ..o 98

4.3.2 Carbon/epOXy COMPOSIEES ....uuiiiieiiiiiiiiiieie e e e e eeeeae s e e e e e e e e e eeenenees 98

4.3.3  Aramid/€POXY COMPOSIE ....uuuiiieeeiiiieiiiiie e e e e et e e e e et e e e e eeeeaenes 102

4.4 Effects of low and cryogenic temperatures .........ccooceeiiiiiiiiieiiie e 103
4.4.1 Material properties variation ................oouviioiiiiiiiic e 103

4.4.2 Modification to failure criteria............couueeiiiiiiiii e 103

4.4.3 Carbon/epoXy COMPOSIEES .....uiiiiieiiiiiiiiieee e eee e e e et eeeeeeaaees 103

444  Aramid/€pOXY COMPOSIIES ...uuuiiiiieiiiiiiiiiee e e ee e e et eeeeeeaaees 125

445 Glass/epoXy COMPOSITES ...uvuuiiiieiiiiiiiiiiaes e ee et e e et eeeeeeaeees 126

4.5 Moisture (hygrothermal) effeCtS ............uuuiiiiiiiiiiii s 136
451  Effects of hygrothermal environment...........ccccoviiiiiiiiiiiiiiee 136

4.5.2 Moisture effects on carbon fibre composites ..........ccooevvviiiiiiiiiiiieeeeeens 137

453 Carbon/epoXy COMPOSIEES .. ..iiiieeiiiiiiiiiiei e e e et e e et eeeaeeeaeees 139

454  Aramid/epoXy COMPOSIES ......ceeiiiieiiiiiiiieieeeeee e 143

4.6 Influence of stress concentrations............ccooviiiiiiiii e 148
4.6.1 L€ 7= o= = | PSP 148

4.6.2  Carbon/epoXy COMPOSItES........ccoiiiuiiiiiiiiiiieiiiie e 149

4.7 Effects of fatigue 10ading..........coooiiiiiiiii e 152
4.7.1 INErOAUCHION ... e 152

4.7.2 General damage mechaniSms ...........ccccccviiiiiiiiieeeeee 152

4.7.3  Effect Of [ay-Up .....eeiieiiiiieee 155

4.7.4  Effects of type of 10ading ..........uueeiiiiiiiii 158

4.7.5  Effects of hygrothermal environment.............ccccooiiiiii i, 159

476 Effects of central holes.............ccoooiiiiiiiiiiiee 163




TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CEN/TR 17603-32-01:2022 (E)

R T o= =14 =Y o Y 166
4.8.1 (CT=T =T = S 166

5 Specialist properties of COMPOSIteS ......c..ovirieeiiiiiiecci e 168
5.1 INtrodUCHION......co o 168
5.2 Outgassing and offgassing ...........ccouiiiiiiiiiiiii e 168
5.2 GENEIAL ... 168

5.2.2  Materials with satisfactory outgassing characteristics............cccccccccc...... 169

5.3  Thermal @XPanSion .........ccoooiiiiiiiiiii et e e et a e e e e e e e 170
5.3.1 (G 1= =T = S 170

5.3.2 CTE data on the constituents of composite materials.............................. 170

5.3.3 CTE data on unidirectional cCOmMpOSIites ............cccvvvviiiiiiiiieeieeeee e, 173

5.4  Damping ProPEIrtiES ....cciieiiiiiiiiiiieei ettt e et e e e e e e e e e 173
5.4 GENEIAL.... oo 173

5.4.2 Analytical Notation.............oi i 174

5.5 Damping: unidirectional COMPOSILES ..........uuiiiiiiiiiiiiicce e 175
5.5.1  CarbON/EPOXY ..o oo 175

B5.5.2  GlaSS/EPOXY ...t 178

5.5.3  Aramid/@POXY ...cceeeeeeieeeee e 180

5.6 Damping: multidirectional COMPOSIES..........cciiiiiiiiiiiiiiiie e 180
B5.6.1  CarbON/EPOXY....couiiiiieii et 180

B5.6.2  GlaSS/BPOXY .oieeeiie e 189

5.6.3  Aramid/@POXY ...cceeeeiieeeeee e 194

5.7 Radiation effeCtS........ccooiiiiiii 194
5.7.1  Aramid COMPOSITES.....iiiiiii i e 194

5.8 Radio frequency tranSParenCy ... 195
5.8.1 (CT=] =T = S 195

5.8.2  Aramid COMPOSIES. .. .cciieiiieiiiiiiei e 195

5.9 Thermal condUCiVIty ...........ooiiiiiiiiii 196
5.9.1 L€ 7= o= = | PSP 196

5.9.2 Materials . ..o e 196

510 ReEfEreNCES ... oo 197
5401 GENEIAL ... 197
B5.10.2  SOUMCES ..o 200
5.10.3 ECSS dOCUMENLS....ccci e 200

6 Options in polymer COMPOSItes .......ccveeeeiiiiiiiiiirrr e nnnae 201
L 200 B 1o o Yo [T Ao o R 201
6.2 New and development reinforcement fibres............ooovvvviiiiiiiiiiiiiiiiiiiieeee 201




TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CEN/TR 17603-32-01:2022 (E)

6.2.1  Types Of NEW fIDreS .....ccooeiiie e 201
6.3 Polyethylene fIDres ........ooooiiiiiiiiiiiiiiiieeee e 204
6.3.1 (G 1= =T = U 204
6.3.2  Fibre characteristiCs ........cooooeeiieieeeeee 204
6.3.3  Fibre appliCationS .........ccoo i 205
6.3.4 Composite development ... ... 205
6.3.5 Potential space applications............ccooiiiiiiiiiiiiiiii e 206
6.4 Ceramic and refractory fibres. ..., 206
6.5 Characteristics of bismaleimide cCOmpoSItes............ceiiiiiiiiiiici e, 207
6.5.1 CharacCteriStiCS ......cooiiiiieeiee e 207
6.6 Bismaleimide reSiNS.......ooo e 208
6.6.1 RESIN CheMISIIY ....uuiiiiiiiiii e 208
6.6.2 Commercial resin SYStemS .......coooviiiiiiieee 208
6.6.3 Toughened bismaleimide Systems ........ccccciiiiiiiii i, 208
6.6.4 Cured neat resin Properties......cccoiii i 210
6.7 Fibres for bismaleimide COMPOSIHES........ccoiviiiiiiiiiiii e, 210
6.8 Bismaleimide COMPOSIES .......ccuuiiiiiiiii e e e e e et e e 211
6.8.1 Basic materials data for laminate design............cccocvvieeiiii e 211
6.8.2  Single composite PlIES ......ooeviiiiiii e 212
6.8.3  Unidirectional COMPOSIES ........uiiiiiieiiiiiicee e 213
6.8.4  Quasi-isotropic laminates ...........coooeieiiiiie e 214
6.9 Typical properties of bismaleimide COMPOSItES ........ccvviieiiiiiiiiiiiiir e, 217
6.9.1  Elevated temperature hygrothermal stability.................cccoe 217
SR I o 10 o o 1= 221
(SR JRC TN Y/ [ Tod o o3 = T3 (] o 222
6.9.4 HERMES development programme ..........cccoooeeviiiiiiiiiiiiieeeee e 223
6.10 Manufacture of bismaleimide COMPOSItES ...........covviiiiiiiiiiicce e, 224
6.10.1  ProducCt fOrMIS...ccc e 224
B.10.2  AULOCIAVE ... e 224
6.11 Characteristics of polyimide-based COmMpoSItes ..........ccoevvviiiiiiiiiiiieereeee e, 226
6.11.1  CharacCteriStiCS .....ccoeeeeeeee e 226
6.11.2 Potential applications .........ccoooiiiiiiiee 226
6.12 POIYIMIAE MESINS .eeiiiiiiiiiiiiiiiiiiieeeee ettt ettt et ettt e e et e e e eeeeeeeees 227
B.12.1  GENEIAI ... 227
6.12.2 ReSIN CheMISIIY ... 227
6.12.3 Commercial resin SYStemS .......cooiiiiiiiiie 228
6.12.4  CUrE reaCtiON ..o 229




TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CEN/TR 17603-32-01:2022 (E)

6.12.5 Manufacturing teChNIQUES ..........ccooiiiiiiiicii e 229
6.13 Fibres for polyimide COMPOSItES........coviiniiiie e 232
B.13.1  GENEIA ... 232
6.13.2 Carbon fibres ..o 232
6.13.3  Aramid fIDresS......ooeeiii e 234
6.14 Polyimide COMPOSITES .....coviiiiiiiiiiiiiiiiiiiiieie ettt 234
6.14.1 Basic materials data for laminate design.............cccccvviieii e 234
6.14.2  Unidirectional ..........ccoooii oo 234
6.14.3 BidireCtional ........oouuuiii i 236
6.15 Typical properties of polyimide COmMpPOSIteS...........uveiiiiiiiiiiiccc e, 237
6.15.1 Effects of elevated temperatures...........ccccceeeiiiiiiiiiiiii e 237
6.15.2 Coefficient of thermal expansion .............cccccoiiiiiiiiiiccii e, 246
6.15.3 HERMES development programme ...........cccooeeviiiiiiiiiiiieeeeeeeeeiieaae e 246
6.16 Characteristics of thermoplastic-based composites ...........cccccceeeiiiiiiiiiiiiieen, 248
B.16.1  GENEIAL ... 248
6.16.2 CharacCteriStiCS ...ouuuuuiiii i 248
6.17 Thermoplastic matrix materialS ...........coooviiiiiiiii e 249
B. 171 GENEIAL ... 249
B.17.2  CReMISIIY e 249
6.17.3 Influence of processing conditions ............cooooeiiiiiiiiii, 250
6.17.4 Commercial thermoplastic matrixX ..........ccccceeeiiiiiiiic e, 255
6.17.5  Polymer fOrmMS .. ..o 257
6.18 Fibres for thermoplastic COMPOSILES ........cviiiiiiii e, 258
B.18.1  GENEIAL ... 258
T I T o =T o] =T 259
B.18.3  MIXEUMES ... e a e e 259
6.19 Thermoplastic matrix COMPOSIEES........cooviiiiiiiiiei e 260
6.20 Typical properties of thermoplastic COMpPOSItES..........cevvvvvviiiiiiiiiiiiiiiiiiiiieeeieeeeee 261
6.20.1 Effects of elevated temperatures..........cooooeeiiii 261
6.20.2 Effects at low and cryogenic temperatures............ooooeeeiiiiiiii, 266
6.20.3 Moisture (hygrothermal) effects............ccuuieeeiiiiiiii 266
6.20.4 Influence of stress concentrations............ccccoooeeiiiiiiiiiii e, 269
6.20.5 IMpact reSiStanCe .........cooeeeiiiiieeee 269
6.21 Specialist properties of thermoplastic composites...........cccccvvvviiiiiiiiiiiiiiiiiiiiiieee, 269
6.21.1 Outgassing and offgassing characteristics ..............ccccociiiiiiniiiiiiinenn. 269
6.21.2 Thermal expansion characteristiCs ...........cooovveiieieiiii, 270
6.21.3  Thermal CYClING ......uuiiii e e 270




TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CEN/TR 17603-32-01:2022 (E)

6.21.4 Damping ProPerti€S.......cccciiiiiiiiieii e 270
6.21.5 Radiation effeCtS ......coo i 271
6.22 Thermoplastic composites test methods and standards............c.....cooeeiiii 272
6.22.1 Standard proCedures............ouuuuiiiiiiiiiieecce e 272
6.22.2 Matrix characterisation ..............ooii i 276
6.23 General design aspects of thermoplastic composites ...........cccceevviiiiiiiiiiiiiieneeeen. 279
6.23.1 Adequate deSIgN .......cccoii i i 279
6.23.2 ReSIidUual StrESSES....ccoi i 279
6.23.3 Effect of manufacturing practices on material properties ......................... 279
6.23.4 Manufacturing faults and damage tolerance..............cccccooeeiiiiii. 280
6.24 Joints in thermoplastic COMPOSItES ......covviiiiiii e 285
6.24.1 BoNded JOINTS ....ccoeieiieeeeeeeeee e 285
6.24.2 Mechanically fastened............coooooiiiiii i 288
6.25 Manufacture of thermoplastic COmMpOSIteS...........cuvvieiiiiiiiiic e, 288
B.25.1  GENEIAL ... 288
6.25.2 Prepreg and 1aminates ........cooooeiiiiiiiie i 290
6.25.3 Mixture Products .......ccocceiiiiiiic e 290
6.26 Fabrication techniques for thermoplastic composites..........cccccceeeiiiiiiiiiiiieen, 290
6.26.1 Choice of fabrication method............cc.cooviiii i 290
B.26.2  AULOCIAVE ... 291
6.26.3 PresSS Clave ... 292
6.26.4 Vacuum consolidation .............uuiiiiiiiiiiiiie e 293
6.26.5 Diaphragm moulding ......ccoooiiiiiiieeeee 293
6.26.6 Press forming ... 294
6.26.7  Filament WindiNg ......cooo oo 298
6.26.8  Tape-laying ..ccccoeeeeeeeee e 299
6.26.9 Injection MOUIAING .....ccoiiiiie e 300
6.26.10 PURIUSION ..o 300
6.26.11 Machining teChNIQUES .......coooiiieeeeeeeeee e 300
6.27 Manufacturing economic factors for thermoplastic composites ...........cccccvvvveeeeee. 300
B.27.1  GENEIAL ... 300
6.27.2 Material COSES......oumiuiiiiiieii e 301
6.27.3 EQUIPMENE COSES ..o 301
6.27.4 ComMPONENt COSES ..cooiiiiiieieeeeee e 302
6.28 Multi-directional (3-D) COMPOSITES.......eeiiiiiiiiiiiiiiii e 302
6.29 Potential applications for 3-D COMPOSItES ........ccevviiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeee 303
6.30 Reinforcements for 3-D COmMPOSItES.........coiiiiiiiiiiiiccii e, 305




TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CEN/TR 17603-32-01:2022 (E)

6.31 3-D fibre architeCture .............oooviiiiiiiiiiiiiieeeeeee e 305
B.31.1  GENEIA ... 305
6.31.2  Triaxial fabriCS....ccuueuiii e 306
6.31.3 Braided ....ccooooieeeeeeeee 307
6.31.4 WOVEN SITUCIUIES ... 308

6.32 Matrix systems for 3-D cOMpPOSIHES .........ccvvviiiiiiiiiiiiiiiiiiiiiiiieeeeeeee 310
6.32.1 Thermosetting re€SINS..........oouiiiiiii i 310
6.32.2 ThermoplastiCS.......uueiii i e 311
6.32.3 Metal MatriX ...cooeeeiieie e 312
6.32.4  CeramiC MaAtriX.......uueiiiieiiieiiiieee e e e 312

6.33 Properties of 3-D COMPOSITES........coiiiiiiiiiiiiiieecee e 312

6.34 Toughened epoXy COMPOSITES ......ceuviiiiiiiiiiiiiiiiiiiiiiiii ittt eeeees 312
S0 7 S B [0 o Yo [¥ o o) o IR 312
6.34.2 MIBIMBSEY ... 313
6.34.3  OQ7T-6/MABY ... 315

6.35 Cyanate ester COMPOSIHES .......ccoviiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeee e 316
B.35.1  GENEIAL ... 316
6.35.2 Prepreg ProCeSSING .....ciiiuiuii e ee e e e e e e e e e e e e e e aaaan 316
6.35.3 Resin mechanical properties ..........ccouvviiiiiiiiiii e 316
6.35.4 Low moisture absorption ...........coeiiiiiiiiiiii e 316
6.35.5 Microcracking resSistancCe...........ccoi i 318
6.35.6 European Space ProgramimMES .........cceveeeriruiiieeeeeeeeeiiiiaaaeeeaeeeeeennnaaaaeaeeas 318

6.36 Cyanate ester availability ... 319
B.36.1  GENEIAL ... 319
TR LG T2 o =T o] =T 322
6.36.3 AJNESIVES ... 322
B.36.4  RESINS ...eii i e 322

6.37 Space applications for cyanate ester composites ...........ccevvvvviiiiiiiiiiiiiiiiiiiiiiieeee, 323
6.37.1  INrOAUCHION ... 323
6.37.2 EXAMPIES ... 323
6.37.3 Wider uses of cyanate eSters ... 324

6.38 Typical properties for cyanate ester composites ...........cccvvevviiiiii i, 324
6.38.1  INtrOAUCHION ... e 324
6.38.2 RS3/XNSO ... 324
6.38.3  O54-2A7IMT ... 331
6.38.4  954-2AIMBSEU.......cc oo 334
6.38.5 954-2/P-100X HT S ... 336




TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CEN/TR 17603-32-01:2022 (E)

6.38.6  954-6/MAOU ... 336
B.38.7  M22 /KBS e 337
6.38.8 CME BehaVIOUr........oiiiieiieee e 337
6.38.9 Low temperature moulding (LTM) systems.............cociieiiiieiiiiiiiiicceee e, 339

6.39 Cyanate siloXxane COMPOSILES ........cevviiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeee e 341
B.39.1  GENEIA ... 341
6.39.2 FIDErite 996 .....cccoeieeeeeeeeee e 341

B.40 Z-PINNING .. it e e e e e e e et e e e et e e ar e 343
L7210 T B [0 o Yo [¥ o o) o [ 343
6.40.2 ManufaCturing PrOCESS ......ccoiiiieie e 344
B.40.3  TeSHNG ceeeiiiiieiei e 345

6.41 Triaxial woven fabric COMPOSIHES ........ovvuiiiiiiei e, 347
B.41.1 MaterialS .....ccoeeieeeiee e 347
6.41.2 Basic characteristiCs .........oooiiiiiiiii i 348
6.41.3  Analytical approach...........ccoeeeiiiii i 349

B.42 REFEIENCES ... e e e 350
B.42.1  GENEIAL ... 350
L S To 1 U o= SRR 359
6.42.3 ECSS dOCUMENES. . ..ot 359

7 Test methods and standards...........cccorieeeiiiiiiinii s 360
7428 S [ Yo [ o 1o ] o 1SR 360
7.1.1 LCT=T =T = | S 360

7.1.2 International standards..............cooi oo 360

7.1.3  Engineering and design data for composites.............ccccceeeeeiiiiieeeeeeeeee. 360

7.1.4  Failure criteria in fibre-reinforced-polymer composites ...........cccccceeeeenn. 361

7.2 Testmethod SEleClioN.........ooeiiiiii e 361
7.2.1 0] 1o o [¥ e (o o U 361

7.2.2 Basic gUIdeliNeS .......ccooeieiieeeeeeeeeeeee 361

7.2.3  Material sSpecificationS.........ccoooeeiiiiiiie 362

7.3 Testmethod standards ............oeeiiii oo 362
7.3 GENEIAL ... 362

7.3.2 International ISO standards............coooviiiiiiiiii e 362

7.3.3  American ASTM standards ..........cccooeieiiieeieeee e 363

7.3.4 European EN standards...........ccoooo oo 363
7.3.5  AIrbus INAUSIIIES ..oeeeei e 364
7.3.6  German DIN standards ........ccoooeeiiieiieiieee 364

7.3.7 UK aerospace test method recommendations.............cccooooviiiiiiiiiinnneeenn. 364

10



7.4
7.5

7.6

7.7

7.8

7.9

7.10

7.11

7.12

7.13

7.14

TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CEN/TR 17603-32-01:2022 (E)

7.3.8 In-house test methods and specifications.............cccccoeeeeiiiiiiiiieee e, 364
Sample and specimen preparation ... 364
Tensile teStiNg ... 365
7.5.1  Useoftensile tests.......ccoooieiiiiieiiiee 365
7.5.2 Tensile test method standards ... 366
7.5.3  Additional tensile related testS..........ooviiiiiii 368
CompressioN tESHNG .......ooiiiiii e 370
7.6.1 Use of compression teStS..........ueiiiiiiiiiiicce e 370
7.6.2  Evolution in compressive test methods ... 370
7.6.3  Factors in compression testing.........cooooeeeiiiiii 374
7.6.4 Comparison of test methods ...........ccooiiiiiiiiiiic e, 374
7.6.5 Additional compression-related tests..........cccooiiiiiiiiiiiii, 376
Celanese methods (shear loaded SPeCiMENS) .........cvviiieiiiiiiiiiiiie e, 377
7.7.1 101 1o To 18 e (o o U 377
7.7.2 Modified Celanese methods..........ccooeeeeeeiiieeieieeeeeee e 380
ENnd-loaded SPECIMENS .......cciiiiiiiiiei e e e e e e e e e earae s 382
7.8.1 101 1o o 18 o (o o U 382
7.8.2 Compression test specimens and fiXtures ...........cccccvvieeeieiiiiieiiiceeee e, 382
7.8.3 Combined end- and shear-loaded specimens ............ccccceevvviiiiiiiieneeeennn. 384
LI SRR 384
7.9.1 INTrOAUCHION ... e 384
7.9.2  Compression test specimen and fixture............ccccoovvvviiiiiiiiiiicieee e 384
Other ComMPresSiON tESTS ....uuuu i 385
7.10.1 Test specimen configurations.............cooeeeeeeeiiei e 385
IN-plane shear teStiNg .......oooii e 386
7475 I P B [ o o o [¥ o 1 o) o 386
A% I - TSRS 386
7.11.3 Test method COMPAriSONS .........iiii i 387
145° [aminate tensile SPECIMEN ......ccooiiiiiiiiee 390
T A2 GENEIAL ... 390
712.2  £45° SPECIMEN ..o 390
7.12.3  10° off-axiS SPECIMEN ....cccoiiiiieeeeeee e 390
Double V-notched beam sheartest...........oooveiiiiiiiiic e, 391
4% C T SR [ o1 o Yo [¥ e 1 o) o N 391
7.13.2 Specimen and fiXtUre ........ccoooiiiiiiieeee 392
T.13.8  TStciiiiecceeeeeeeeeeeee 392
Two-rail and three-rail sheartest ... 393

11



TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CEN/TR 17603-32-01:2022 (E)

7441 INFOAUCHION .. 393
7.14.2 Specimens and fiXtUreS .......oouvieiii i 394
TA4.3  TWO-Tail teSt .o 394
7144 Three-rail test......ccooo i 395

7.15 Otherin-plane shear testS..........oiii i 395
4% < W0 B [ o1 o Yo [¥ e o) o [ 395
7.15.2 Thin walled torsion tube test...........coooiiiiiii 395
7.15.3 Slotted tensile test.......ccoooeeeeeeiee 396
7.15.4 Cross beam sandwich test .........coooo i 396
7.15.5 Picture frame paneltest ... 397

716 FIeXUral teSHNG c.vun e e e e 398
200 L T B U =Y SRR 398

7.17 Short-beam interlaminar sheartest............cccooii i 399
A0 A T - TSR 399
TAT.2  StANAArAS ..o 400

7.18 Interlaminar fracture toughness testing ............cccccciii 400
7.18.1 Interlaminar toughness of COMPOSItES........cceviiiiiiiiiiiiiiiiiee 400

7.19 Cyclic 10ad tESHNG ....uuui i 403
4% % TR B [ o1 o Yo [¥ o i o) o 1SR 403
7.19.2  StANAArAS ... e 403

7.20 International standards ...............ooii i 404
440 B [ o1 o Yo [¥ o i o) o [ 404
7.20.2 1SO StaNards .........uciiiiieeiiieeeee e 405

7.21 ASTM standardsS.........cooviiiiiiii 406
7.21.1 High modulus fibres and composites...........cccceeeeeeeeeieeeeeeeeeeeeeeeeee 406

7.22 EUuropean Standards ...........oooeiiiiiiiii e 408
4747 T [ o1 o To 1§ e 1) o [N 408
7.22.2 AECMA @EIrOSPACE SEIIES .ceieeeeeeeeeeeeeeeeeeee e e 408
7.22.3  Airbus standards ............coooiiiiiiiiii 411
7.22.4 German DIN standards ............ccoiiiiiiiiiiiiiccc e 412
7.22.5 United Kingdom test methods ... 414
7.22.6 European space standards ... 415

A T = (=T =) (o S PPPPPSR 416
7231 GENEIAL ... 416
A B S To 1 U o= T SRR 422
7.23.3 ECSS dOCUMENES.....uiiiiiiiiieeeee e 422

8 Effect of manufacturing practices..........ccooooiiiiiiiiiinr s 423

12



TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CEN/TR 17603-32-01:2022 (E)

< 20t B | 10 [ e (o o PP 423
8.2 Material defects and their effects on strength..............iiiiiiiiiii 423
8.2.1 (G 1= =T = U 423

8.2.2 Interlaminar shear strength ... 424

8.2.3 Tensile Strength ... 425

8.2.4  Compressive strength ... 426

8.3 Defects and their detection ..............oooviiiiiiiiiiiiiiiiieeee 427
o =Y =T =Y o o 430
8.4.1 (G T=T o= = 430

9 Data for polymer composite materials.............cceeiiemmcciiii s 431
1S 20 B 1) o Yo [ T3 4o o PSSR 431
9.2 Data sheet NOtatioN..........oouiiiiiiii e 432
9.3  EpPOXy matriX COMPOSIIES ....uiiiiii e e e e et e e 433
9.3.1 RESIN SYSIEMS.... i 433

9.3.2  Fibre reinforcements ..........ooouiiiiii i 433

9.4 Unidirectional carbon HT/epoXy COMPOSItE ............uueiiiiiiiiiiiiiiiciie e, 433
941 GENEIAL ... 433

9.4.2  T300/FIDErItE 976 ... 434

9.4.3  T300/HeXCElI FBOB-7 ... 437

9.4.4  T300/ FIBreduxX 914 ... 438

9.4.5  T300/HeXCEI FA55... e 440
9.4.6  T300/ Hexcel FBO3.......co i 441

9.5 Unidirectional carbon HM/epoXy COMPOSItE ..........ouueeiiiiiiiiiiiiiccee e, 442
9.5  GENEIAL ... 442

9.52 HMS/FIbredux 914 ... 443

9.53  GY -T70/COAE 92.......ceeeeeeeeeeeeeeeeeeeee 444

9.5.4 HMS/COAE B9 ... 446

9.5.5 P75S/FIberite 934 ... 448

9.6 UD aramid/epoXy COMPOSITE ......ccuuiiiiiiiiiiiiiiiiiiiiiiiiiiieieeeeeeee ettt eeeeeees 450
9.6.1  GENEIAL ... 450

9.6.2 Twaron HM/Bakelite VE3543 ..o 450

9.6.3 Twaron HM/Ciba Geigy 913 ... 452

9.7 Single ply fabric carbon HT/epoxXy COMPOSIEE ........ccccoriiiiiiiiiiiiiieiiiiiiieeeee e 453
0.7 GENEIAL ..o 453

9.7.2  TB00/F593 ... 453

9.8 Single ply fabric carbon HM/epoxy composite..........ccccoeevviiiiiiiiiiiieeecceecee e, 454
9.8.1  GENEIAL ... 454

13



TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CEN/TR 17603-32-01:2022 (E)

9.8.2  MAO/FIbredux 914 .. .. 455
9.8.3 M40 (warp):T300 (weft)/Fibredux 914 ..., 456
9.8.4 GY-TOSE/FIbErite 934 ... 457
9.9 Bismaleimide matrix COMPOSILES.........ouuuiiiiiiiiiiicee e 459
9.9.1 RESIN SYSIEMS.....eiiiiiiiiiiiii e 459
9.9.2 Reinforcement fibres ... 459
9.10 Unidirectional carbon IM/bismaleimide composite...........cccccvvviiiiiiiiiiiiiiiieeee e, 459
9.10.1  GENEIAL ... 459
9.10.2 T800/NarmcCo 5250-2 ......cccoeieeeeeeeeeeeeeeeeeeeeeeee e 460
9.10.3 T8O0/SX 5564 .......ccceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 465
9.11 Polyimide matrix COMPOSILES .....uuiiiiiiii e e 470
9.11.1  RESIN SYSIEMS ... 470
9.11.2 Reinforcement fibres.........ooouiiiiiii i 470
9.12 Unidirectional carbon IM/polyimide COMPOSItES ........ccceeeeviiiiiiiiiii e, 470
9121 GENEIAL ... 470
9.12.2 T8OO0/AVIMID N....oiiieeeeceeeeeeeeeeeeeeee e 471
9.13 Bidirectional carbon fibre polyimide composites........ccccoeviiiiiiiiiiiii i, 476
9131 GENEIAL ... 476
9.13.2 5HS carbon fabric/PMR-15 . ..... e 477
9.13.3 8HS carbon fabric/PMR-15 ... 479
9.14 Thermoplastic matrix COMPOSIHES........ccceiiiiii i 481
9.14.1  Thermoplastic MatriX..........oouiiiiiii e 481
9.14.2 Reinforcement fibres .........oooviiiiiiii i 481
9.15 Unidirectional carbon/PEEK (APC2) COMPOSItES .......cevvvvieiiiiiiiiiiiieeeeeeeeeeeeeeeeeeee 481
9151 GENEIAL ... 481
9.15.2 ASA/IPEEK ... 482
9.16 Bidirectional carbon/PEl COMPOSItES........ceiiiiiiiiiiiiccei e, 483
9.16.1  GENEIAL ... 483
9.16.2  ASA/IPEL ... 484
9.17 Triaxial woven fabric COMPOSItES .........covvvviiiiiiiiiiiiiiiiiiiiiiieeeeeeee 485
1S 20 0 B [ o o Yo [F e ) o 485
9.17.2 MALEIAlS ..o 485
9.17.3 Composite ply manufacture............cooooiiiiiii 488
9.17.4  CUred COMPOSILE ....cccee e 489
S B I A T o .V SRR 491
9.17.6 Derivation of homogenised elastic properties from finite elements .......... 496
9.17.7 Thermo-mechanical modelling ...........ooouviiiiiiiiiiice e, 506

14



TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CEN/TR 17603-32-01:2022 (E)

9.17.8  TeSt PrOgramMIE........ciiiie et e e e 511
9.17.9  TenSile ProPErtiS ....cii it 512
9.17.10 CoMPresSsiVe ProPErtIES ......ouuuuuiii e e e e 515
9.17.11 Shear PrOPErtIES ....uuui i 518
9.17.12 Bending StiffNeSS......ccooeieeieeeee e 520
9.17.13 Bending curvature atfailure ... 522
9.17.14 Linear coefficient of thermal expansion .............cccccovviiiiii e, 523
9.17.15 Thermal tWist.....cco oo 525
LS I R T =Y =T =T o T R 530
S T T B € 1= = | R 530
9.18.2  Data@ SOUICES .. ..ot e e e e e e e e 532
Figures
Figure 1.2-1 - Chronological progress of the application of composite materials in
Military appliCatioNS ........coc e 37
Figure 1.2-2 - Acceptance process for materials, processes and test facilities ..................... 39
Figure 1.2-3— Example of the evolution of structural materials in some European space
0] =T ox £ 40
Figure 1.3-1 - Temperature requirements for space structures and potential materials ........ 43
Figure 1.4-1 - Family tree of advanced materialS.................uuuuiiiiiiiiiiiiiiiiiiiiiiees 48
Figure 2.3-1 - Tensile strength and tensile modulus of commercially available
continuous reinforcing fibres. ......... ... e i 54
Figure 2.3-2 - Specific tensile strength and specific tensile modulus (for fibres in Figure
2 e ) TSR 55
Figure 2.6-1 — Triaxial woven fabric: Weave types .............uueuiiiiiiiiiiiiiiiiiiiiiiiieiiiieiniinnnnnnenes 62
Figure 3.3-1 - Carbon fibres: PAN and pitch-based fibres.............ccccooiiis 69
Figure 3.7-1 - COMMON WEAVE STYIES .......uuuiiiiiiiiiiiiiiiiiiiiiiiiiiii e 75
Figure 3.8-1 - Longitudinal modulus of elasticity in tension (E1) ...........ccccoooiiiiiiiiinniiiiinnnnns 76
Figure 3.8-2 - Longitudinal tensile strength (le) ................................................................. 77
Figure 3.8-3 - Transverse modulus of elasticity in tension (E2)................uueiiiiiiiiiiiiiiiiinnnnnns 78
Figure 3.8-4 - Transverse strength in tension ( éu) .............................................................. 79
Figure 3.8-5 - In plane shear Modulus (G12) .........ooiiiiiiiiiiii e 80
Figure 3.8-6 - In plane shear strength (RIS; ) 81
Figure 3.8-7 - Interlaminar Shear Strength (RIS; ) et 82
Figure 4.2-1 - Tensile strength 0% UD ... 96
Figure 4.2-2 - Tensile strength 90° UD .........iiiiiiiiiec et 97
Figure 4.2-3 - Tensile strength £45° laminates ............ceeiiiiiiiiiiicicc e 98




TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CEN/TR 17603-32-01:2022 (E)

Figure 4.3-1 - Interlaminar shear strength (ILSS)..........cooiiiiiiiic e, 99
Figure 4.3-2 - Longitudinal (0°) ultimate flexural strength................ccccooiiiiiiiiiiiiiiis 100
Figure 4.3-3 - Longitudinal (0°) flexural modulus ...................uuuiiiiiiiiiiiiiiiiiiiiieeee 100
Figure 4.3-4 - Ultimate transverse (90°) flexural strength...........ccccccoeeiiiiiiiiii 101
Figure 4.3-5 - Transverse flexural ModulUS .................uuuiiiiiiiiiiiiiiiiiiiee 101
Figure 4.3-6 - Transverse strain to failure (‘9lm ) e 102
Figure 4.4-1 - Longitudinal and transverse tensile modulus unidirectional carbon fibre

(o7 ] 9] 0T 1= (=TS PSSP 105
Figure 4.4-2 - Shear modulus: Unidirectional carbon fibre composite.............ccccccvvvininnnnen. 105
Figure 4.4-3 - Longitudinal and transverse tensile strength unidirectional carbon fibre

(oT0] 0] o 13| (=TS 106
Figure 4.4-4 - Longitudinal and transverse compressive strength unidirectional carbon

fiDre COMPOSITE.....uueeii e 106
Figure 4.4-5 - Shear strength: Unidirectional carbon fibre composite..........ccccccccceeeiiii. 107
Figure 4.4-6 - Angular deflection at failure unidirectional carbon fibre composite................ 107
Figure 4.4-7 - Longitudinal and transverse tensile modulus angle ply carbon fibre

(o70] 0] o 13| (= TS 108
Figure 4.4-8 - Longitudinal and transverse Poisson's Ratio angle ply carbon fibre

(o7 ] 0] 0T 1= | £ TSP UEPPRIRURN 108
Figure 4.4-9 - Longitudinal and transverse tensile strength ..., 109
Figure 4.4-10 - Longitudinal and transverse compressive strength angle ply carbon

fiDre COMPOSITE......eeii e 109
Figure 4.4-11 - Change in length as a function of temperature unidirectional carbon

fibre composite longitudinal direction.............cccccciiiiii s 110
Figure 4.4-12 - Change in length as a function of temperature angle ply carbon fibre

composite: Transverse dir€CHioN............ooviiiiiiii e 110
Figure 4.4-13 - Coefficient of thermal expansion unidirectional carbon fibre composite...... 111
Figure 4.4-14 - Coefficient of thermal expansion angle ply carbon fibre composite............. 111
Figure 4.4-15 - The change of moduli of carbon fibre composites with temperature ........... 113
Figure 4.4-16 - The change of strength of carbon fibre composites with temperature......... 114
Figure 4.4-17 - Flexural modulus and flexural strength ...........ccccooiie 115
Figure 4.4-18 - Tensile modulus and tensile strength ... 116
Figure 4.4-19 - Ultimate tensile Strength...............uuiiiiiiiiiiiiiiiee 118
Figure 4.4-20 - Ultimate tensile Strain ................uueiiiiiiiiiiiees 119
Figure 4.4-21 - Ultimate compressive Strength ................uuviiiiiiiiiiiiiiiiiiiieees 120
Figure 4.4-22 - Ultimate compressive Srain .................eeeuuieiiiiiiiiiiiiiiiiiiiiiieiieeeeeeeeeenea. 121
Figure 4.4-23 - Tensile YOUNG'S MOAUIUS ...........uuuiiimiiiiiiiiiiiiiiiiiiiiiiiiieeiiiiiieeeneeneneneeeeieneaees 122
Figure 4.4-24 - In plane shear MOdUIUS ...............uuuiuiiiiiiiiiii s 122
Figure 4.4-25 - POISSON'S FAti0 ....uuuuiiiieeiiieecee et e et e e e e e eeaeees 123
Figure 4.4-26 - Longitudinal and transverse thermal expansion...............cccccccvcceeeiiieeeeeenn, 124

16



TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CEN/TR 17603-32-01:2022 (E)

Figure 4.4-27 - Shear stress - Strain .........ooovviiiiiiii e 125
Figure 4.4-28 - Ultimate tensile Strength................euuiiiiiiiiiiiiiie 128
Figure 4.4-29 - Ultimate tensile Strain ........... ...t 129
Figure 4.4-30 - Ultimate compressive strength ...........ooieiiiiiiiiicc e, 130
Figure 4.4-31 - Ultimate compressive Srain .................euuuuieeeiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeaeeees 131
Figure 4.4-32 - Tensile YOUNG'S MOAUIUS ..........uuuuuiiiuiiiiiiiiiiiiiiiiiiiiiiiieiiiiiineieiieeeeneeeeeeeeneaees 132
Figure 4.4-33 - In plane shear Modulus ..............coooiiiiiiiiii e 133
Figure 4.4-34 - POISSON'S RALIO.......ccciiiiiiiiiiiiec e 134
Figure 4.4-35 - Longitudinal and transverse thermal expansion................cccoocciiiiiiiieennnnns 135
Figure 4.4-36 - Shear StreSS SIrain ............uuiuuiiiiiiiiiiiiiiiiiiii e 136
Figure 4.5-1 - Weight gain of composite specimens before and after desiccation............... 140
Figure 4.5-2 - Flexural modulus as a function of water exposure/temperature:

Unidirectional composite SPECIMENS ........cccviiiiiiiiiiiie e 140
Figure 4.5-3 - Flexural strength as a function of water exposure/temperature:

Unidirectional composite SPECIMENS ........ccovviiiiiiiiiii e 141
Figure 4.5-4 - Transverse flexural strength as a function of water

exposure/temperature: Unidirectional composite specimens......................o... 142
Figure 4.5-5 - Interlaminar shear strength as a function of water exposure/temperature:

Unidirectional composite SPECIMENS ........cccviiiiiiiiiiie e 142
Figure 4.5-6 - Moisture absorption curves for aramid/epoxy composites .........cccceeeeeevveennee 144
Figure 4.5-7 - Effect of hygrothermal environment on interlaminar shear strength of

aramid/EPOXY COMPOSIEES.......cvviieiiiieeeeiieiiteee e e e e eetee s e e e e e e eeraea e e e e eeeeeeennes 145
Figure 4.5-8 - Effect of hygrothermal environment on the transverse tensile strength of

aramid/€POXY COMPOSIES ... ..uuuueuuerieereennnnnnnnneeennennnnnnnnnnnennnnnnnnnnnnnnnnnnnnnnnnnnnnnnnns 146
Figure 4.5-9 - Effect of ground exposure on compressive properties of aramid/epoxy

Lo70] 191 010 1S | 1= P UEPPPIRRRN 147
Figure 4.5-10 - Effect of ground exposure on shear strength of aramid/epoxy

(oTo] ] oo <3| (== 148
Figure 4.6-1 - Four point bending on sandwich SPeCImMeN...............uuuiuiiiiiiiiiiiiiiiiiiiiiiiiiiians 149
Figure 4.6-2 - Definition of holes and delamination..................cccouiiiiiiiiiiiiiiiiis 149
Figure 4.6-3 - Sensitivity of HM/HT UD laminate to stress concentrations .......................... 151
Figure 4.7-1 - Origin of cracks at free-edges in quasi-isotropic laminates after

tension/compression fatigue, R = -1.0 ... 153
Figure 4.7-2 - Matrix cracks in cross plies and onset of delamination ..................ccccccoooie 153
Figure 4.7-3 - Gradual increase in strain in a [+45°]s laminate during load controlled

tension/compression test, R = 1.0 ... 155
Figure 4.7-4 - Sudden increase in strain in a [02/+45/02/-45/02/90]s laminate during

load controlled tension/compression tests, R =-1.0 ......ccccoceeeiiiiiiiiiiiiiieeen. 155

Figure 4.7-5 - Stiffness degradation due to cyclic loading for various laminates, R =0.1...156
Figure 4.7-6 - Fatigue strength of unidirectional CFRP laminates, R=0.1 ......................... 156
Figure 4.7-7 - Fatigue strength of angle ply CFRP laminates, R=0.1 ............cccooieiiennnnn. 157

17



TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CEN/TR 17603-32-01:2022 (E)

Figure 4.7-8 - Fatigue strength of various laminates under tension/compression

[ = o 1o T T = I 157
Figure 4.7-9 - Degradation of fatigue strength of angle ply laminates subjected to

different loading conditions, R=-1and R=0.1.......ccccccoiiiiiiiiiiiiii e, 158
Figure 4.7-10 - Degradation of fatigue strength of multidirectional laminates subjected

to different loading conditions, R=-1and R=0.1.........oriiiiiiiin. 158
Figure 4.7-11 - Degradation of fatigue strength of multidirectional laminates subjected

to different loading conditions, R=-1and R=10...........cccccciiiiiiiiiniiiiinnn. 159
Figure 4.7-12 - Effects of temperature and moisture on the fatigue strength of a 0°

bidirectional laminate, R = 0.1 ... 160
Figure 4.7-13 - Effects of temperature and moisture on the fatigue strength of angle-ply

AMINATES, R = 0. et e e et aaaes 161
Figure 4.7-14 - Effects of temperature and moisture on the fatigue strength of

multidirectional Iaminates, R = 0.7 .. oo 162
Figure 4.7-15 - Effects of temperature and moisture on fatigue strength of

multidirectional laminates, R = = 0.1 ... 162
Figure 4.7-16 - Influence of stacking order and hole diameter................ccccccviiiieii . 163
Figure 4.7-17 - Influence of moisture, hole diameter,d =5 mm..............ccciiieii . 165
Figure 4.7-18 - Influence of moisture, hole diameter,d =10 mMm............ceoeiiiiiiiiiiiereeen, 166
Figure 5.5-1 - Variation of flexural damping with fibre orientation for HM-S/DX209, Vf =

0 176
Figure 5.5-2 - Variation of flexural damping with fibre orientation for HM-S/DX210, Vf=

L0 TR 176
Figure 5.5-3 - Variation of torsional damping with fibre orientation for HM-S/DX209, Vf

e 177
Figure 5.5-4 - Variation of torsional damping with fibre orientation for HM-S/DX210, Vf

e 177
Figure 5.5-5 - Variation of damping with fibre orientation for E-Glass/DX210, Vf=0.5....... 179
Figure 5.6-1 - Effect of ply angle on flexural damping of HM-S/DX209, Vf =0.5................. 182
Figure 5.6-2 - Effect of ply angle on flexural damping of HM-S/DX210, Vf = 0.5................. 182
Figure 5.6-3 - Effect of cross-ply ratio on flexural damping of HM-S/DX209, Vf=0.5......... 183
Figure 5.6-4 - Effect of orientation on flexural damping...............ccccuuiiiiiiiiiiiiiiiiis 183
Figure 5.6-5 - Effect of ply angle on shear damping of HM-S/209, Vf=0.5 ........ccccvvvvnnnnees 184
Figure 5.6-6 - Effect of ply angle on shear damping of HM-S/210, Vf=0.5 .........cccccceeie 184
Figure 5.6-7 - Effect of cross-ply ratio on shear damping of HM-S/209, Vf=0.5................ 185
Figure 5.6-8 - Effect of orientation of general plate on shear damping.............cccccccuvvviunnne. 185
Figure 5.6-9 - Flexural damping factors of CFRP strip specimen, 6 = Al.............cccccvvvunnne. 187
Figure 5.6-10 - Variation of damping with outer layer fibre orientation for cross ply

(O] o e PRSPPI 188
Figure 5.6-11 - Variation of damping with outer layer fibre orientation for [0°/x60]s

O o PP 188

18



TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CEN/TR 17603-32-01:2022 (E)

Figure 5.6-12 - Variation of damping with outer layer fibre orientation for [0°/90°/+45]s

O o e PP 188
Figure 5.6-13 - Variation of damping with outer layer fibre orientation for cross-ply

T o 190
Figure 5.6-14 - Variation of damping with outer layer fibre orientation for [0°/£60°]s

G R P B et 190
Figure 5.6-15 - Variation of damping with outer layer fibre orientation for [0°/90°/£45°]s

T ]G 190
Figure 5.6-16 - Damping as a function of peak bending strain; load monotonically

increasing; GFRP Cross PlIES .......cevviiuiiiiiee e 191
Figure 5.6-17 - Damping ratio for ©/3 laminates (GFRP).............coviiiiiiiiiiiiciee e, 193
Figure 5.6-18 - Damping ratio for /4 laminates (GFRP).............oviiiiiiiiiiiiiiee e, 193
Figure 6.9-1 - (0°) compressive strength with temperature for carbon fibre/bismaleimide

composite: Apollo IM/ Hysol HGT107 .........oouuieiiiiieceee e 220
Figure 6.9-2 - (0°) short beam shear strength with temperature for carbon

fibre/bismaleimide composite: Apollo IM/ Hysol HG107...........cccccovviiiviviiiiinnnnnn. 220
Figure 6.9-3 - (£45°) hot/wet shear modulus with temperature for carbon

fibre/bismaleimide composite: Apollo IM/ Hysol HG107............cccceeeiiiiiiiiiiinnnnn.. 221
Figure 6.10-1 - Typical cure cycle for bismaleimide COMPOSIte ..............uuumeuieiiiiiiiiiiiiiiiinnnns 226
Figure 6.12-1 - Autoclave cure cycle for polyimide PMR-15 composites............cccccceeeeeeene. 230
Figure 6.12-2 - Press moulding cure cycle for polyimide PMR-15 composites.................... 230
Figure 6.12-3 - Post cure cycles for polyimide PMR-15 composites .............cccccuvveviiiiinnnnnes 231
Figure 6.12-4 - Autoclave processing of polyimide PMR-15 composites.............ccccuvveennne. 232
Figure 6.15-1 - Carbon fibre/polyimide composite: Effect of elevated temperature on

L S S e e aaaaaas 238
Figure 6.15-2 - Carbon fibre/polyimide composite: Effect of elevated temperature on

flexural Strength....... ... e 239
Figure 6.15-3 - Carbon fibre/polyimide composite: Thermal ageing and elevated

temperature effect on flexural strength ..............ccccoiiie 240
Figure 6.15-4 - Carbon fibre/polyimide composite: Weight loss and effect of thermal

ageing at 204°C 0N ILSS ... ..o e 241
Figure 6.15-5 - Carbon fibre/polyimide composite: Weight loss and effect of thermal

ageing at 232°C 0N ILSS ... ..o i 242
Figure 6.15-6 - Carbon fibre/polyimide composite: Weight loss and effect of thermal

ageing at 260°C 0N ILSS.... ..o 243
Figure 6.15-7 - Carbon fibre/polyimide composite: Weight loss and effect of thermal

ageing at 288°C 0N ILSS ... ... e 244
Figure 6.15-8 - Carbon fibre/polyimide composite: High temperature test, weight loss

and thermal ageing on flexural strength and ILSS ..., 245

Figure 6.15-9 - Carbon fibre/polyimide PMR-15 composite: Effect of thermal cycling on
MechaniCal ProPerties ........ oo 246

Figure 6.17-1 - Macromolecule arrangement in thermoset and thermoplastic polymers .....250

Figure 6.17-2 - Schematic stress-strain curves for different thermoplastic morphologies....251




TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CEN/TR 17603-32-01:2022 (E)

Figure 6.17-3 - Influence of cooling rate (crystallinity) on the fracture properties of

CarbON/PEEK: APC2 ...ttt e e eaaees 252
Figure 6.17-4 - Influence of cooling rate (crystallinity) on the transverse modulus of

022 15 010 VA e e G Y 253
Figure 6.17-5 - Influence of cooling rate (crystallinity) on the transverse ultimate strain

Of CarbON/PEEK: APC2 ...t e e 254
Figure 6.17-6 - Influence of cooling rate (crystallinity) on the shear modulus of

022 15 010 VA e e G Y 254
Figure 6.18-1 - Development thermoplastic mixture product forms.............cccccceieiiiiinnnene. 260
Figure 6.20-1 - Effect of temperature on the tensile strength of various unfilled

tNEIMOPIASTICS ..oeviiiee e 261
Figure 6.20-2 - Effect of temperature on the flexural modulus of various unfilled

TNEIMOPIASTICS et 262
Figure 6.20-3 - Glass transition temperature (Tg) for various unfilled thermoplastics.......... 263
Figure 6.20-4 - Melting temperature for various unfilled thermoplastics.............................. 264

Figure 6.20-5 - Perceived long term use temperature for various unfilled thermoplastics ...265

Figure 6.20-6 - Water absorption characteristics of aramid composites with various

thermoplastic matrix materialS...........coooovi i 268
Figure 6.21-1 - Comparison of loss factor for APC2 (AS4/PEEK) and T300/epoxy 934

at various freQUENCIES ........coieiiiieee e e e e e e eaaees 271
Figure 6.22-1 - Schematic diagram of influence on process cooling rate on impact

behaviour of thermoplastic composite APC2 (AS4/PEEK).............cccoeeeiii. 274
Figure 6.22-2 - ASTM D-3518: Off-axis tensile test on +45° coupon to simulate 0/90°

{70 TUT o o) o [ 275

Figure 6.22-3 - Determination of crystallinity by wide-angle x-ray scattering (WAXS)......... 277
Figure 6.23-1 - Damage zone comparison for drop weight impact test on carbon/PEEK

and carbon/epoxy 1amMINAtES. ..........uuuuuiuiiiiiiiiiiiiiiiee e 281
Figure 6.23-2 - Residual tensile strength comparison after impact on carbon/PEEK and

carbon/epoXy [amINAES ...........uuuiuiiiiiiiiiiiiiiiie i 282
Figure 6.23-3 - Residual compressive strength and strain to failure comparison after

impact on carbon/PEEK and carbon/epoxy laminates ................ccooevviieeeneen. 283
Figure 6.26-1 - Press clave for thermoplastic prepreg ......... ... 292
Figure 6.26-2 - Diaphragm forming of components from thermoplastic prepreg.................. 294
Figure 6.26-3 - Press forming of pre-consolidated thermoplastic laminates........................ 295
Figure 6.26-4 - Hydroforming of pre-consolidated thermoplastic laminates........................ 296
Figure 6.26-5 - Deep drawing of woven fabric thermoplastic component.................ccc.....e. 297
Figure 6.26-6 - Incremental fOrmMIiNg............uuuuuuuiiiiiiiiiiiiiiiiiiii e 298
Figure 6.26-7 - Filament winding/tape laying of thermoplastic components ....................... 299
Figure 6.31-1 - Examples of fibre architecture of triaxial fabrics.............cccccooiiiiiies 306
Figure 6.31-2 - Fibre architecture: Braiding ProCESS ...........uuuuuuuumumiimimiiiiiiiiiiiiiiinennnnennennenees 307
Figure 6.31-3 - Example of yarn path within a braid...............cccccooiis 308
Figure 6.31-4 - Fibre architecture: Cylindrical Weaving ..............coocouiiiiiiiiiiiiiiiiieeee e 309

20



TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CEN/TR 17603-32-01:2022 (E)

Figure 6.31-5 - Fibre architecture: Orthogonal weaving.............cccveeiiiiiiiiiieicccee e 309
Figure 6.31-6 — DIRIS - woven thermoplastic sandwich panels .............cccccevviiiiiiiieeeeeeenes 310
Figure 6.32-1 - Co-mingled yarns: Thermoplastic matrix and reinforcement fibre ............... 311

Figure 6.35-1 - Cyanate ester resins: Moisture absorption of matrix resins at RT, 100%

Figure 6.35-2 - Cyanate ester resins: Moisture desorption of resins at 37°C, in vacuum ....318

Figure 6.40-1 - Z-Fiber® preforms containing 0.28mm diameter pins at densities of

LR T N | o I 344
Figure 6.40-2 - Z-Fiber® insertion: Schematic of ultrasonic hammer ............................ 345
Figure 6.40-3 — Z-pins: DCB load-displacement curve for pinned samples and control ...... 346
Figure 6.40-4 — Z-pins: Load-deflection curves from Mode Il 3-point ENF on pinned

ST 1001 o] (ES3R= T To ot o1 (o | PSPPI 347
Figure 6.41-1 TWF characteristics: Summary of edge effects.............cccccuviiiiiiiiiiiiiiiiiiinnnns 348
Figure 7.6-1 - Compression after impact (CAI) teSt rig......cccoooiriiiiiiiiiiicee e, 376
Figure 7.7-1 - ASTM D3410/D 3410 M: Procedure A (Celanese type) compression test

LD ] = PR 378
Figure 7.7-2 - ASTM D3410/D 3410 M: Celanese compression test fixture ........................ 380
Figure 7.7-3 - Modified Celanese test rig and specimen according to DIN 65380............... 381
Figure 7.8-1 - End-loaded compression test specimen and fixture .............cccccceeeiiiieennnnne. 383
Figure 7.9-1 - ASTM D3410/D 3410 M: Procedure B (IITRI type) compression test fixture .......... 385
Figure 7.12-1 - Specimens for +45° and 10° off-axis shear..............ccccccooiiiiiiiens 391
Figure 7.13-1 - ASTM D 5379/D 5379 M: V-notched beam (losipescu type) in-plane

shear test fixture and SPECIMEN.........cooiiiiiiiiii e 392
Figure 7.14-1 - Two and three-rail shear test configurations from ASTM D 4255/D

4T 394
Figure 7.15-1 - Thin-walled tOrSiOn tUDE .........ccciiiiiiiiiii et 395
Figure 7.15-2 - Slotted tensile SPECIMEN ............uuuiiiiiiiiiiiiiiiiiiiiiie e 396
Figure 7.15-3 - Cross-beam sandwich specimen for in-plane shear tests........................... 397
Figure 7.15-4 - Picture frame panel teSt .............uuiiiiiiiiiiiiiiiiiieeneaees 398
Figure 7.18-1 - ASTM D5528: Double cantilever beam (DCB)..............uuuiiiiiiiiiiiiiiniiiiiiinnnns 402
Figure 8.2-1 - Variation of interlaminar shear strength with void content and

PrECONAItIONING ..o i 424
Figure 8.2-2 - Effect of inclusions at mid depth on the interlaminar shear strength ............. 425
Figure 8.2-3 - Effect of defects in 0° layer on tensile strength of a 0°, + 45° skin of a

SANAWICH DEAM ... 425
Figure 8.2-4 - Effect of discontinuous and kinked plies on the tensile strength of

UNIAIrectional CFRP ......vve e e 426
Figure 8.2-5 - Effect of defects on compressive strength of a 0°, + 45° skin of a

SANAWICN DEAM ... o e 427
Figure 9.17-1 — TWF Study: WEAVE ........uuiiiiiiiiiiiiiiiiiiiiiiiiii e 486
Figure 9.17-2 — TWF study: Orientation of weave.............cc.coooiiiiiiiiiiii e 486




TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CEN/TR 17603-32-01:2022 (E)

Figure 9.17-3 - TWF study: Fabric unit cell...............ooomiiii e 487
Figure 9.17-4 - TWF study: Lay-up fOr CUMNG ..........uuuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiiiiieeeieeieeeieeaees 489
Figure 9.17-5 - TWF study: Single-ply COMPOSItE ............uuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieaes 490
Figure 9.17-6 - TWF study: Micrograph of cured TWF composite..............coovvivceeieieenninnnn, 491
Figure 9.17-7 - TWF study: Perspective view of TWF unit cell..............ccccoiiiiiiiiiiiiiiiiiinnns 498
Figure 9.17-8 - TWF study: Moments sign convention for plate..............cccccviiiiiiiiiiiiinnnnnes 498
Figure 9.17-9 - TWF study: Bending and twisting deformation modes................................ 501
Figure 9.17-10 - TWF study: CTE analysis 2-tow system ...........cccccoeeeiiiiiiiiiiee, 507
Figure 9.17-11 - TWF study: Unit cell solid element model.................uviiiiiiiiiiiiiiiiiiiiiinees 508
Figure 9.17-12 - TWF study: 0-direction and 90-direction Strips.................uuuevieiiiiiiiinieinnnns 509
Figure 9.17-13 - TWF study: Thermal deformation of O-direction strip..........ccccccceeeeiiiii. 510
Figure 9.17-14 - TWF study: Thermal deformation of 90-direction strip .............cccccceeeernns 511
Figure 9.17-15 - TWF study: Tensile test Sample ...............uuuiiiiiiiiiiiiiiiiiiiis 512
Figure 9.17-16 - TWF study: Definition of transition strain.....................cccciiiii . 513
Figure 9.17-17 - TWF study: Tensile test plotS ......ccovviiiiiiiii e, 514
Figure 9.17-18 - TWF study: Compression test sample..............ooovveeiiiiiiiiiiiiiiiii e, 516
Figure 9.17-19 - TWF study: Compression test plotS........cccooooiiiiiiiiiiiiiic e, 517
Figure 9.17-20 — TWF study: Shear test rig and sample.............oviieeiiiiiiiiiiiiiiie e, 519
Figure 9.17-21 — TWF study: Shear test plOtS .............uuuiiiiiiiiiiiiiiiiiiiiie 520
Figure 9.17-22 — TWF study: 4-point bending test plots...............uuuiiiiiiiiiiiiiiiiiiiiiis 521
Figure 9.17-23 — TWF study: ‘Squashing test’ Set-Up ............cccummmmimmiiiiimiiiiiiiiiiiiiiiiiiiienns 522
Figure 9.17-24 — TWF study: CTE cylindrical test sample ................euuuuiiiiiiiiiiiiiiiiiiiiiiienes 524
Figure 9.17-25 - TWF study: Thermal measurements.................uuueeemimiiiiiiiiiiiiiiiiiieiieieeenan. 524
Figure 9.17-26 - TWF study: Thermal twist specimens ..., 525
Figure 9.17-27 - TWF study: O-direction thermal twist plots ............cccooiiiiiii e 526
Figure 9.17-28 — TWF study: 90-direction thermal twist plots ................eeuuiiiiiiiiiiiiiiiiiiiiinns 527
Figure 9.17-29 — TWF study: Surface temperature differences.............ccccccooiiiiiiiiiinninnnnnns 529
Tables
Table 1.2-1 - Comparison of specific strength and stiffness for composite materials and

conventional aerospace structural materials...........cccccoooii i, 36
Table 1.2-2 - Comparison of early composite and aluminium aircraft structures ................... 37
Table 1.2-3 - Material usage in European space projectS........ccoooevviieeiiiiiiiii e 38
Table 1.3-1 - Comparison of technology status for composite materials and traditional

metals for aerospace applications ... 45
Table 1.3-2 - Comparison of technical aspects of various composite materials .................... 46
Table 1.3-3 - Environmental factors for space structures............ccccoooeeeiii e, 47

22



TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CEN/TR 17603-32-01:2022 (E)

Table 2.5-1 - Fibres and prepreg and resin systems used in European space

[o]geTe ] g=Ta 010 L= T PP P PP PPPUPPPPN 58
Table 3.2-1 - Epoxy resin: Tensile strength (MPa) ..., 65
Table 3.2-2 - Epoxy resin: Tensile modulus (GPa) ...........cooviiiiiiiiiiiiieceee e, 66
Table 3.2-3 — Epoxy resin: Tensile strain to failure (%).......coooooeoiii, 66
Table 3.2-4 - Epoxy Resin: Compressive strength (MPa) ..., 66
Table 3.2-5 - Epoxy resin: Compressive modulus (GPa) .........ccccooeviiiiiiiiiiiniieeecee e, 67
Table 3.2-6 - Epoxy resin: Poisson's ratio (v), intension .............cccooviiiiin e, 67
Table 3.2-7 - EPOXY resSin: DENSItY......uuuiiii e 67
Table 3.2-8 — Epoxy resin Fibredux 914: Mechanical properties...........cccceeeiieeeiiiiiiiiiiinneeene. 68
Table 3.3-1 - Reinforcing fibres: BasiC properties ..........covveevvieiiiiiieeiieeecee e 71
Table 3.3-2 — Thermal properties: Pitch-based carbon fibres ...........cccccoooeeiiiii 73
Table 3.9-1 - Design allowables for T300/epoxy system: Hexcel T3T-190-F155, T6C-

RSO it T TSRS 84
Table 3.9-2 - Design allowables for T300/epoxy system: Hexcel T6C-190-F593/1a............. 85
Table 3.9-3 - Design allowables for T300/epoxy system: Fiberite HyE 1034C ...................... 86
Table 3.9-4 - Design allowables for GY-70/epoxy system: GY-70 Code 69...............cceeee.. 87
Table 3.9-5 - Design allowables for GY-70/epoxy system: GY-70 Code 95...............cceeee. 88
Table 3.9-6 - Coefficient of thermal expansion: Design values for GY-70/epoxy system:

L ) O7o o [T L P EETRPR 88
Table 3.9-7 - Design allowables for GY-70/epoxy system: GY-70 Code 92.................cccc.... 89
Table 3.9-8 - Design allowables for glass/epoxy system: R-glass/Fibredux 914G ................ 90
Table 3.9-9 - Design allowables for HT carbon fibre/epoxy system: Hexcel W3T 282

F263 8., M
Table 3.9-10 - Design allowables for HT carbon fibre/epoxy system: Hexcel F3T 584 42

F 2B 7. 92
Table 3.9-11 - Design allowables for aramid fibre/epoxy system: Kevlar 49/ Hexcel K49

285 FABT-T88 it e e e e e e e e e e 93
Table 4.3-1 - Unidirectional Kevlar 49/epoxy composite: Comparison of mechanical

properties at RT and 121°C......oooiiiiiii e 102
Table 4.4-1 — Low temperature: Elastic constants ............ccccceeeiiiiiiiiiccc e, 103
Table 4.4-2 — Low temperature: CTE for angle ply (0°/£60°) .......ccooiiiiiimiieiiiiiiiiiiieeeeeen 104
Table 4.4-3 - Common epoxy resins: Effect of low and cryogenic temperatures................. 112
Table 4.4-4 - HT and HM carbon fibre composites: Effect of low and cryogenic temperatures ....... 112
Table 4.4-5 - Carbon/epoxy materials tested at low temperatures: (AS/Resin 2) ................ 117

Table 4.4-6 — Low temperature mechanical properties: AS carbon fibre/Resin 2
(uniaxial IamiINAES) ......cooiiiiiiii e 117

Table 4.4-7 - Low temperature mechanical properties: AS carbon fibre/Resin 2 (45°
Cross PlY [@amINAES) ..v.uii i e 117

Table 4.4-8 - Typical mechanical properties of aramid composites at low/cryogenic
10T 00 01T = (U Y SRR 126




TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CEN/TR 17603-32-01:2022 (E)

Table 4.4-9 - S901 Glass: Resin 2 composite tested at low/cryogenic temperatures.......... 127
Table 4.4-10 - Mechanical properties of S901 Glass: Resin 2 composite (average of

uniaxial [aminates) .........coovviiiiiiiiiiiii 127
Table 4.4-11 - Mechanical properties of S901 Glass: Resin 2 composite (average of

45° cross Ply 1amiNates) ...........uuuueii 127
Table 4.6-1 - Test results for 914C-MS-4-40% ......coiiiieiiieiieee e 150
Table 4.6-2 - Test results for 914C-TS-4-40% ......ccoeeeeeeeeeeeeeeeeeeeee e 150
Table 4.7-1 - Laminate compressive strength: Effect of hole ............ccccccoeei 164
Table 5.2-1 - Materials with satisfactory outgassing characteristics................ccccoeeeeeeeenne. 169
Table 5.3-1 - Coefficients of thermal expansion for the constituents of composite

[ E= =T =] 170
Table 5.3-2 - Variation of CTE with carbon fibre stiffness ...........ccooooiiiiiiiiiiiii 171
Table 5.3-3 - CTE for Fibredux 914 €poXY reSiN ......ccooiviiiiiiiiieeeeeeeeeeeeeeeeee e 171
Table 5.3-4 - Effect of cure schedule on CTE of Code 92 epoxy resin..........cccceeeeeeeeeeeeeennn. 172
Table 5.3-5 - Effect of cure schedule on CTE of CY209/HT972 epoxy resin..........ccccc........ 172
Table 5.3-6 - CTE for carbon fibre unidirectional material..................cccooc, 173
Table 5.5-1 - Material and test Method ... 175
Table 5.5-2 - Damping data for UD carbon/epoxy: HM-S/DX209 and HT-S/DX210............ 175
Table 5.5-3 - Material, test method and & for carbon/epoxy: HT-S/DX210, Vi=0.6 ............ 178
Table 5.5-4 - Material, test method and n for carbon/epoxy: A-S fibres/EPON 826, Vi =

0 G 0 178
Table 5.5-5 - Material, test method and n for glass/epoxy: S-994/EPON 826, V:=

0G0 178
Table 5.5-6 - Material, test MEethOd ......... ..o e 179
Table 5.5-7 - Damping data for glass/epoxy: E-GIass/DX210.......c.coovviiieiiiieiiiiieiicieee e, 179
Table 5.5-8 - Material, test method and ¢ for glass/epoxy: E-Glass/DX210, Vs = 0.5........... 179
Table 5.5-9 - Material, test method and n for glass/epoxy: 3M-1009 265 prepreg, Vi =

(10 8= = (= [P 180
Table 5.5-10 - Material, test method and n for aramid/epoxy: Kevlar 49 (Type

968)/EPON 826, Vi = 0.685 ..ot 180
Table 5.6-1 - Material and test Method ... 181
Table 5.6-2 - Lay-up for general plate............cooooooiiii 181
Table 5.6-3 - Material, test method and n for carbon/epoxy: T300/Fiberite 934 fabric, Vs

SN0 SIAIEA e 186
Table 5.6-4 - Material and test method for carbon/epoxy: T300/P305, Vi = not stated ........ 186
Table 5.6-5 - Natural frequencies for carbon/epoxy: T300/P305, V: = as stated.................. 186
Table 5.6-6 - Material and test method for carbon/epoxy: HM-S/DX210 prepreg................ 187
Table 5.6-7 - Specimen description for carbon/epoxy: HM-S/DX210 prepreg...........ccc...... 187

Table 5.6-8 - Material, test method and n for glass/epoxy: E-Glass/F155 prepreg fabric....189

24



TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CEN/TR 17603-32-01:2022 (E)

Table 5.6-9 - Material and test method for glass/epoxy: E Glass/3M Scotchply, prepreg

Lo Lo TS E o] | 189
Table 5.6-10 - Specimen description for glass/epoxy: E Glass/3M Scotchply, prepreg

Lol (o1 o] 1Y PP URPPPPPPPPIN 189
Table 5.6-11 - Material, test method and n for glass/epoxy: 3M-1009/26S prepreg cross-ply,

VIE DOt SEALEA ... eeeviieiiee e e e e e e e e e e e e et e e e e e e e e e e e r e e e e e e e e ar 191
Table 5.6-12 - Material and test method for E-Glass/epoxy cross-ply, V= not stated..................... 191
Table 5.6-13 - Material and test method for 3M Scotchply 1002, [0°/+60°]s and

[0%/90° /4518 e 192
Table 5.6-14 - £ for glass/epoxy: 3M Scotchply 1002 [0°/£60°]S .....coevvvviiiieeeeeieeeiieee e, 192
Table 5.6-15 - £ for glass/epoxy: 3M Scotchply 1002 [0°/90°/245°]S......uceeiiiiiiiiiiiiiiieeeee, 192
Table 5.6-16 - Material, test method and n for aramid/epoxy: Kevlar 49/Fiberite 934

fabric (warp aligned), Vi= not stated .........ccoooiiiiiiiiiiii 194
Table 5.6-17 - Material, test method and n for aramid + carbon hybrid/epoxy: Kevlar

49+T300/Fiberite 934 (warp aligned), Vf= not stated...............cccccciiiiiiiiinnnnns 194
Table 5.8-1 - Typical dielectric properties for aramid composite materials.......................... 195
Table 5.9-1 - Thermal conductivity: Typical values for some engineering materials............ 197
Table 6.2-1 - Basic mechanical properties of new aramid fibres............ccccooooviiiiieenn. 202
Table 6.2-2 - Types of metallized fibres..............oveiiiiiii e, 204
Table 6.3-1 - Commercially available polyethylene fibres ............ccccoiiiiiiiie, 205
Table 6.3-2 - Comparison of specific properties of polyethylene fibres and common

fibre reinforcemMENnts ......coooiiii s 205
Table 6.4-1 - Properties of two boron-based reinforcements used for polymer matrix

(o70] 101 010 1= | 1= P URPPPIRRRN 207
Table 6.6-1 - Commercially available bismaleimide resins used in prepregs ..........cc.......... 208
Table 6.6-2 - Mechanical properties of toughened bismaleimide neat resins....................... 209
Table 6.6-3 - Cure schedule for Compimide 796/TM123 blends...........ccccoeeeiiiiiiiiiiiiieeeeen.n. 209
Table 6.6-4 - Comparison of resin properties for two bismaleimides and an epoxy............. 210
Table 6.7-1 - Fibres used with bismaleimide resins ...........cccceeiiiiiiiiiiici e, 211
Table 6.8-1 - Carbon fibre/bismaleimide material description: Apollo IM/Hysol GH107

[S1=T 0] =T o PSPPSR 212
Table 6.8-2 - Mechanical properties of carbon fibre/ bismaleimide: Apollo IM/Hysol

(€ O o] =Y o (= P 212
Table 6.8-3 - Carbon fibre/bismaleimide material description: T300/V378A........................ 213
Table 6.8-4 - Mechanical properties of carbon fibre/ bismaleimide: T300/V378A................ 213
Table 6.8-5 -Material description of carbon fibre/bismaleimide: T800/5250-2 laminate

(O/+45/90/-452/90/H45/0)2 c.ceeeeeeeeeeeeeeeeeeeeeeeeee ettt 214
Table 6.8-6 - Tensile mechanical properties of carbon fibre/bismaleimide: T800/5250-2

laminate (0/+45/90/-452/90/+45/0)2.......cccuuueiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeee e 214
Table 6.8-7 - Compressive properties of carbon fibre/ bismaleimide: T800/5250-2

laminate (0/+45/90/-452/90/+45/0)2.......ccuuuiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeee e 215

25



TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CEN/TR 17603-32-01:2022 (E)

Table 6.8-8 - Material description of carbon fibre/bismaleimide: T800/SX5564 laminate

(O/+45/90/-452/90/+45/0)2 c.cceveeeeeieeeeeeeeeeeeeeeeee ettt 215
Table 6.8-9 - Tensile properties of carbon fibre/bismaleimide: T800/SX5564 laminate

(O/+45/90/-452/90/+45/0)2 ..ceeeeeeeeeeeeeeeeeeeeeeeeeeee ettt 216
Table 6.8-10 - Compressive properties of carbon fibre/ bismaleimide: T800/SX5564

laminate (0/+45/90/-452/90/+45/0)2.......cccuuuuiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeee e 216
Table 6.9-1 - Material description for carbon fibre/bismaleimide: T300/V-378A 8 ply

STz L I = 1o (oYl Tt I T 217
Table 6.9-2 - Mechanical properties of conditioned carbon fibre/ bismaleimide: T300/V-

378A 8 ply satin fabric Vi 61% ....ooovvvviiiiiiiiiiii 218
Table 6.9-3 - Mechanical properties for aged carbon fibre/ bismaleimide: T300/V-378A UC039

UD £aP€ COMPOSILES ... eeeeieeerttniaseeeeeeeeetttiaa e e e eeeeeeetbaaa e e e e e eeeaeeaa e e e eaeeeennennanas 219
Table 6.9-4 - Newer generation of tougher bismaleimide resins .............ccccooeeiii. 221
Table 6.9-5 - Impact resistance of bismaleimide-based composites.............cccvevvvvieennnn.n. 222
Table 6.9-6 - Microcracking behaviour of carbon fibre/ bismaleimide cross-ply

(o70] 0] 010 1= | (=T P SRPPPIRRRN 222
Table 6.9-7 - Narmco 5250-2/T800H: Single and multidirectional composite data.............. 223
Table 6.9-8 - Ciba SX5564-1/T800H: Single and multidirectional composite data .............. 224
Table 6.10-1 - Processing cycles for bismaleimide composites ..........ccccceeeieiiiiiiiiiiiieeneen.n. 225
Table 6.12-1 - Development status and availability for various polyimide resins for

F= o AV2=T ot M eTo] g g1 10 1] 1 {= T TR 228
Table 6.12-2 - Summary of cure processes and advisory Notes ............ccceeeeeeeeeeeeeeeeeeee. 229
Table 6.13-1 - Carbon fibre/polyimide materials ..., 233
Table 6.13-2 - Aramid fibre/polyimide materials..............cccooiii 234
Table 6.14-1 - Carbon fibre/polyimide material description............cccoooeoi i 234
Table 6.14-2 - Mechanical properties for carbon fibre/polyimide: Celion 6000/LaRC-160...235
Table 6.14-3 - Carbon fibre/polyimide material description .............ccoovvviiiiiiiiiiiiiieeee e, 235
Table 6.14-4 - Mechanical properties for carbon fibre/polyimide: Celion 6000/PMR-15.....235
Table 6.14-5 - Carbon fibre/polyimide material description.............cooeoiiiii 236
Table 6.14-6 - Mechanical properties for carbon fibre/polyimide PMR-15........................... 236
Table 6.15-1 - Typical CTE for carbon/polyimide laminates..............occciiieiiiiiiiiniiiiieeee. 246
Table 6.15-2 - PMR-15T/T800H: Single and multidirectional composite data ..................... 247
Table 6.15-3 - LaRC 160/T 800H: Single and multidirectional composite data ................... 247
Table 6.16-1 - Characteristics of thermoplastic-based composites ..............ccceeeeeeeien. 248
Table 6.17-1 — Development status and availability for potential matrices for

thermoplastic based COMPOSILES ........oouvuuiiiii i 256
Table 6.18-1 - Thermoplastic matrices and fibre reinforcement types with availability

STALUS e e 258
Table 6.20-1 - Comparison of hygrothermal effects on carbon fibre thermosetting and

thermoplastic matrix COmMpOSIteS .........covvviiiiiiiii e 267
Table 6.20-2 - Basic guide on the moisture tolerance of thermoplastic matrix materials................. 267

26



TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metroldgiu a ski$obnictvo Slovenskej republiky

CEN/TR 17603-32-01:2022 (E)

Table 6.20-3 - Moisture absorption characteristics of aramid composites with various

thermoplastic matrix materials................oiiiii i 268
Table 6.21-1 - Outgassing and offgassing of APC2 (AS4/PEEK)...........ooiiiiiiiiiie. 269
Table 6.21-2 - Typical CTE after thermal cycling for APC2 (AS4/PEEK) ..........cccccoeeeee 270
Table 6.21-3 - Effect of radiation on thermoplastic matrix composites ............cccccceeeenee. 272
Table 6.23-1 - Summary of damage tolerance aspects for thermoplastic and

thermosetting COMPOSILES .......uiiiiiiiiice e 284
Table 6.24-1 - General guidelines on bonding technology for thermoplastic based

(o7 ] 0] 010 1= | (== U EERPPIRURN 286
Table 6.24-2 - Development fusion techniques for thermoplastics.........ccooovviviiiiiiiienn. 287
Table 6.24-3 - Ranking of bonding techniques for thermoplastic composites...................... 288

Table 6.25-1 - Summary of technology terms associated with fabrication of
thermoplastic composite materials ............cccoooviiiiiiiiii e, 289

Table 6.26-1 - Guidelines on preferred fabrication methods for components
manufactured from PEEK and PEI-based thermoplastic prepreg laminates .....291

Table 6.27-1 - Possible cost saving factors associated with use of thermoplastic-based

COMPOSItE MALEIIAIS ... e 301
Table 6.28-1 - Comparison of 2-D and 3-D composite structures ............cc.cooooiiiiieeennn. 303
Table 6.29-1 - Potential applications for 3-D composites .......cccovevvviiiiiiiiiiiiieeeeeeee e, 304
Table 6.32-1 - Features of ‘co-mingled’ thermoplastic matrix 3-D composites............ccevvruuereeennn. 311
Table 6.34-1 - Outgassing characteristics of M18/M55J ... 313
Table 6.34-2 - M18/M55J: Unidirectional and multidirectional composite data.................... 314
Table 6.34-3 - CTE of M18/M55J 1aminates ..........cccooiiiiiiiiiiiiiiii e 314
Table 6.34-4 - Glass transition temperatures of Fiberite 977-6 in relation to cure

o7 ] o 11 o] 1 USSP 315
Table 6.34-5 - 977-6/M46J: Unidirectional composite data ............coeveeeiiiiiiiiiiinieeeeieeeiiie e 315
Table 6.35-1 - Cyanate ester resins: Moisture absorption of matrix resins.......................... 317
Table 6.36-1 - Cyanate ester prepreg resin products............cccooeieviiiiiiiiiiiin e, 320
Table 6.36-2 - Cyanate ester adhesives, resins and sundry materials................................. 321
Table 6.38-1 - YLA RS3/XN50: Unidirectional and multidirectional composite data............ 325
Table 6.38-2 - Design allowables for RS3/XNSO..........oooooiiiiii, 326
Table 6.38-3 - YLA RS3/K49: Multidirectional fabric composite data...................coooeeeee. 326
Table 6.38-4 - YLA RS3/T300: Multidirectional fabric composite data .............................. 327
Table 6.38-5 - Design allowables for RS3/K49 and RS3/T300 fabric laminates.................. 327
Table 6.38-6 - Properties of YLA RS3/XN50 after thermal cycling ..., 328
Table 6.38-7 - Design allowables for YLA RS3/XN50 after thermal cycling............ccccceeee. 329
Table 6.38-8 - Properties of YLA RS3/XN50 at extremes of temperature after thermal

0 1 o 329

Table 6.38-9 - Design allowables for YLA RS3/XN50 at extremes of temperature after
thermMal CYCIING ... 330

27



TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CEN/TR 17603-32-01:2022 (E)

Table 6.38-10 - CTE characteristics for YLA RS3/XN50 laminates and sandwich

CONSEIUCHIONS ... e e e e e e e et a e e e e e e e eeennes 330
Table 6.38-11 - Fiberite 954-2/IM7: Unidirectional composite data...............ccoevevvvieeenennn. 331
Table 6.38-12 - Residual properties of 954-2/IM7 laminates............ccccoveeeeiiiieiiiiiiiceeee e, 332
Table 6.38-13 - Fracture toughness of 954-2/IM7 laminates.............ooieiiiiiieiiiiiiicieee e, 332
Table 6.38-14 - ILSS of 954-2/IM7 laminates after immersion in cryogenic fuels................ 332
Table 6.38-15 - Properties of 954-2/IM7 laminates at 20 K...........c.oooviiiiiiiiiiiiiiceeee e, 333
Table 6.38-16 - Fiberite 954-2/IM7: Unidirectional composite data at differing

TEMPEIAtUIES ... e 334

Table 6.38-17 - Properties of 954-2/M55J laminates before and after thermal cycling........ 335
Table 6.38-18 - 954-2/P-100X HTS: Unidirectional and multidirectional composite data.....336

Table 6.38-19 - Properties of unidirectional 954-6/M40J laminates ..............ccccceeeeiiineee, 337
Table 6.38-20 - Properties from initial tests on M22/K135 laminates .............ccccceeeeeieieee. 337
Table 6.38-21 - CME data for UHM CFRP composites.........cccoooeiiiiiiiiiiiiiiiieeeeee e, 338
Table 6.38-22 - Moisture strains for 90° and quasi-isotropic UHM CFRP laminates for

absorption at 70°C 10 60°C / 60% R.H.......oovviiiiiiiiicee e 339
Table 6.38-23 - Low temperature moulding Cyanate ester systems: Typical properties

of XLTM 123 (EF20098 resin/M55J UHM carbon fibre)...........cccooeeeeiinns 340
Table 6.39-1 - 966/M55J: Unidirectional composite data ............cccovveviiiiiiiiieiiieeiceee e, 342
Table 7.5-1 - Tensile test method standards...............ooorviiiiii e, 366

Table 7.5-2 - ASTM D3039/D 3039M: Tensile specimen geometry recommendations ....... 367
Table 7.5-3 - Remaining differences of tensile test methods retained in international

STANAANAS ... e a e aaane 368
Table 7.5-4 - Additional tensile testS........cooo o 369
Table 7.6-1 - Compression test methods for polymer composites .........cccoooeeeiiiiiiiiieeenne.n. 372
Table 7.6-2 - Compression-related testS..........ooviiiiiiiiii i 376
Table 7.7-1 - Compression specimen dimensions as recommended by ASTM D 3410M

for Celanese and lITRItype testS .......oovviuiiiiiiiice e, 379
Table 7.11-1 - In-plane shear standards and test methods...........ccooevviiiiiiiiiiiccceee e, 388
Table 7.11-2 - Evaluation of in-plane shear methods............cccco 389
Table 7.16-1 - Flexural test standards ... 399
Table 7.17-1 - Short beam / interlaminar shear test: Likely failure modes........................... 400
Table 7.18-1 - Interlaminar fracture toughness test standards..............ooooeeiiiiiiiiii, 403
Table 7.20-1 - ISO standards for fibre-reinforced composites............ccccoeeeeiiiiii. 405
Table 7.21-1 - American ASTM standards: For high modulus fibres and aerospace

(o7 ] 0] 00 1= | (== SRR 406
Table 7.22-1 - AECMA standards for aerospace compoSites ..........cccceeeeeiiiiiiiiieeeeeeeeeee, 408
Table 7.22-2 - Airbus Industries documentation proposed as prENS ...........ccoooviiiiiiinneen. 411
Table 7.22-3 - German DIN standards for aerospace composites ............ccccceeeeeeeeeeeeeeeenn. 412
Table 7.22-4 - United Kingdom CRAG test methods for composites.............cccceevvivieenne.n. 414

28



TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metroldgiu a ski$obnictvo Slovenskej republiky

CEN/TR 17603-32-01:2022 (E)

Table 7.22-5 - ECSS standards for aerospace COMpPOSItES ........cccevvviiviiiiiiiieeeieeiieeee e, 415
Table 8.3-1 - Detection of defects by various NDE techniques ...............ccccooeeiii. 428
Table 9.4-1 - Data sheet for UD carbon HT/epoxy (Fiberite HY-E 1076-E)......................... 434
Table 9.4-2 - Data sheet for UD carbon HT/epoxy (Fiberite HY-E 1076-E)......................... 435
Table 9.4-3 - Data sheet for UD carbon HT/epoxy (Fiberite HY-E 1076-E)......................... 436
Table 9.4-4 - Data sheet for UD carbon HT/epoxy (Hexcel T3T-190-12-F593-8)................ 437
Table 9.4-5 - Data sheet for UD carbon HT/epoxy (Ciba Geigy 914C-TS-5-42).................. 438
Table 9.4-6 - Data sheet for UD carbon HT/epoxy (Ciba Geigy 914C-TS-4-40) .....cccevrrrrrrniinrnnenn. 438
Table 9.4-7 - Data sheet for UD carbon HT/epoxy (Hexcel T3T-190-F155 and T6T-190-

F DD ) o 440
Table 9.4-8 - Data sheet for UD carbon HT/epoxy (Hexcel T6T-190-F593/1a) ................... 441
Table 9.5-1 - Data sheet for UD carbon HM/epoxy (Ciba Geigy 914C-MS-4-40)................. 443
Table 9.5-2 - Data sheet for UD carbon HM/epoxy (Cyanamid Fothergill: Celion

(N 0] @7eTe (-3 1 PP 444
Table 9.5-3 - Data sheet for UD carbon HM/epoxy (Cyanamid Fothergill: Celion

(N 0] @7eTe (SIS 445
Table 9.5-4 - Data sheet for UD carbon HM/epoxy (Cyanamid Fothergill: Courtaulds

HMS/COAE B9) ...eeiiieeeeeeceeee ettt e e e e e e e et a e e e e e e e ennnnnees 446
Table 9.5-5 - Data sheet for UD carbon HM/epoxy (Cyanamid Fothergill: Courtaulds

HMS/COdE B89) ... 447

Table 9.5-6 - Data sheet for UD carbon HM/epoxy (Fiberite: Thornel P75S/Fiberite 934)...448
Table 9.5-7 - Data sheet for UD carbon HM/epoxy (Fiberite: Thornel P75S/Fiberite 934)...449

Table 9.6-1 - Data sheet for UD aramid/epoxy (Twaron HM 1055/Bakelite VE3543).......... 450
Table 9.6-2 - Data sheet for UD aramid/epoxy (Twaron HM 1055/Bakelite VE3543).......... 451
Table 9.6-3 - Data sheet for UD aramid/epoxy (experimental product: Ciba Geigy

SXOTB/AD/T00) ...ttt e e e e e e e e a e e e e e e nneees 452
Table 9.7-1 - Data sheet for single ply fabric carbon HT/epoxy (Hexcel W3T-282-42-

ST K I OO OPPPPUPPPPIR 453
Table 9.8-1 - Data sheet for single ply fabric carbon HM/epoxy (Brochier SA: Vicotex

014-44% G827 ).t e et e e e e e e et aaaaeeaaaan 455
Table 9.8-2 - Data sheet for single ply fabric carbon HM/epoxy (Brochier SA: Vicotex

914-34% GB29).....eeeeeee e e 456
Table 9.8-3 - Data sheet for single ply fabric carbon HM/epoxy (Fiberite: Celion GY70-

E/FIDEIE 934).... i e e 457
Table 9.8-4 - Data sheet for single ply fabric carbon HM/epoxy (Fiberite: Celion GY70-

E/FIDEMLE 934)....eeeieieieee e 458
Table 9.10-1 - Data sheet for UD carbon IM/bismaleimide (Narmco: Toray

T8OO/NAIMCO 5250-2) ....coieiiiiiiiieee ettt a e e e e 460
Table 9.10-2 - Data sheet for UD carbon IM/bismaleimide (Narmco: Toray

T8OO/NAIMCO 5250-2) ...ceeieeiiiiiiieieee ettt e e e e et e e e e e e e s eneeaaeeeeaanns 461
Table 9.10-3 - Data sheet for UD carbon IM/bismaleimide (Narmco: Toray

T8OO/NAIMCO 5250-2) ....ceeeiiiiiiiieee ettt a e e e e e 462

29



TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CEN/TR 17603-32-01:2022 (E)

Table 9.10-4 - Data sheet for UD carbon IM/bismaleimide (Narmco: Toray

T8BOO/NAIMCO 5250-2) ....uuuuuueruueririiiiuiieeesserannessaaensssnnnesneeaneanaeeaasaeaaaasannannnnnnnnnn 463
Table 9.10-5 - Data sheet for UD carbon IM/bismaleimide (Narmco: Toray

T8OO/NArMCO 5250-2) ... e e e e e e e e e eaanes 464
Table 9.10-6 - Data sheet for UD carbon IM/bismaleimide Brochier Vicotex (Toray

T800/Ciba GEIGY SXB564) .....uueveereuerriiriunnnniuneenuenssnnnnesnnnsnnnnnnennnnnnnnnsannnnnnnan———. 465
Table 9.10-7 - Data sheet for UD carbon IM/bismaleimide Brochier Vicotex (Toray

T800/Ciba GeIgGY SXB564) ......eeeiieiiiieeeeeeeeiiieie e e e e e s s e e e e e e e s snnneeaeeaaaeaaaans 466
Table 9.10-8 - Data sheet for UD carbon IM/bismaleimide Brochier Vicotex (Toray

T800/Ciba GEIGY SXB564) .....uuueeeeeureriirinneuiinneuununssnnnnesnennsnnnnnennnnnnnnneannnnnn—————— 467
Table 9.10-9 - Data sheet for UD carbon IM/bismaleimide Brochier Vicotex (Toray

T800/Ciba GEIGY SXB564) .....uvevuerrurerirreiriiuuuesennessssnnsssnensnensaaeanaaeeaaaa————————————— 468
Table 9.10-10 - Data sheet for UD carbon IM/bismaleimide Brochier Vicotex (Toray

T800/Ciba GEIGY SXB564) ......eevieeiiiieeeeeeieiieee e e e e e s s a e e e e e e s snreaneeaaeeeaaans 469
Table 9.12-1 - Data sheet for UD carbon IM/polyimide (Toray T800/Du Pont AVIMID

N ) ettt ettt e e e e e e —— e e e e e ee e e e e e —————aaaeeeaaaa—————aaaaeeeaaaannrraes 471
Table 9.12-2 - Data sheet for UD carbon IM/polyimide (Toray T800/Du Pont AVIMID

PR 472
Table 9.12-3 - Data sheet for UD carbon IM/polyimide (Toray T800/Du Pont AVIMID

N e 473
Table 9.12-4 - Data sheet for UD carbon IM/polyimide (Toray T800/Du Pont AVIMID

N ) ettt ettt e e e e e ——————aeee e e e e e ——————aaaeeeaaaa————eaaaaaeeaaannnrrees 474
Table 9.12-5 - Data sheet for UD carbon IM/polyimide (Toray T800/Du Pont AVIMID

RSP 475
Table 9.13-1 - Data sheet for bidirectional carbon fabric/polyimide (5HS fabric/PMR-

LS TSRS 477
Table 9.13-2 - Data sheet for bidirectional carbon fabric/polyimide (5HS fabric/PMR-

L) T PSS OOPPPRESTR 478

Table 9.13-3 - Data sheet for bidirectional carbon fabric/polyimide (8HS fabric/PMR-15)...479
Table 9.13-4 - Data sheet for bidirectional carbon fabric/polyimide (8HS fabric/PMR-

115 TSRO 480
Table 9.15-1 - Data sheet for UD carbon/thermoplastic composites (ICl: AS4/PEEK) ........ 482
Table 9.16-1 - Data sheet for bidirectional carbon fabric/thermoplastic composites (Ten

Cate Glass: ASA/PEL).......cc e 484
Table 9.17-1 - TWF study: Fibre and matrix properties..........ccoooeeeiiiiiiiiiiee e 487
Table 9.17-2 - TWF study: Areal weight of Set 1 samples ... 491
Table 9.17-3 -TWF study: Areal weight of Set 2 samples ... 491
Table 9.17-4 - TWF study: Tow cross-sectional areas.............cccoeeeeieeiiiiiieeeeeeeeeeeeeeee 492
Table 9.17-5 - TWF study: Measured sample thickness ..o, 493
Table 9.17-6 - TWF study: Tow material properties ..o, 496
Table 9.17-7 - TWF study: Tensile test reSults ... 515
Table 9.17-8 — TWF study: Compression test results ..., 518
Table 9.17-9 — TWF study: Sheartest reSUltS........cccoooiiiiiiiiiii e, 520

30



TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metroldgiu a ski$obnictvo Slovenskej republiky

CEN/TR 17603-32-01:2022 (E)

Table 9.17-10 — TWF study: Bending stiffness (measured) ..........c.ooooieiiiiiiiiiiiiiicceeeee, 521
Table 9.17-11 — TWF study: ‘Squashing test’ results............ccoiiiiiiiiiiiii e, 523
Table 9.17-12 — TWF study: CTE test results ............ooooiiiiiiii i, 525
Table 9.17-13 — TWF study: Thermal twist test results ..........cccooooiiiiiiii 528

31



TNI CEN/TR 17603-32-01: 2022 Urad pre normalizaciu, metrolégiu a skugobnictvo Slovenskej republiky

CEN/TR 17603-32-01:2022 (E)

European Foreword

This document (CEN/TR 17603-32-01:2022) has been prepared by Technical Committee
CEN/CLC/JTC 5 “Space”, the secretariat of which is held by DIN.

It is highlighted that this technical report does not contain any requirement but only collection of data
or descriptions and guidelines about how to organize and perform the work in support of EN 16603-
32.

This Technical report (CEN/TR 17603-32-01:2022) originates from ECSS-E-HB-32-20 Part 1A.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such
patent rights.

This document has been prepared under a mandate given to CEN by the European Commission and
the European Free Trade Association.

This document has been developed to cover specifically space systems and has therefore precedence
over any TR covering the same scope but with a wider domain of applicability (e.g.: aerospace).
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Introduction

The Structural materials handbook is published in 8 Parts.

A glossary of terms, definitions and abbreviated terms for these handbooks is contained in Part 8.

The parts are as follows:

TR 17603-32-01 | Part1 | Overview and material properties and applications | Clauses 1 -9

TR 17603-32-02 | Part2 | Design calculation methods and general design Clauses 10 - 22
aspects

TR 17603-32-03 | Part3 | Load transfer and design of joints and design of Clauses 23 - 32
structures

TR 17603-32-04 | Part4 | Integrity control, verification guidelines and Clauses 33 - 45
manufacturing

TR 17603-32-05 Part 5 New advanced materials, advanced metallic Clauses 46 - 63

materials, general design aspects and load transfer
and design of joints

TR 17603-32-06 | Part6 | Fracture and material modelling, case studies and Clauses 64 - 81
design and integrity control and inspection

TR 17603-32-07 | Part7 | Thermal and environmental integrity, Clauses 82 - 107
manufacturing aspects, in-orbit and health
monitoring, soft materials, hybrid materials and
nanotechnoligies

TR 17603-32-08 Part8 | Glossary

koniecnahladu - textdalej pokracuje vplatenejverzii STN
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