°
w SLOVENSKI STANDARD

SIST-TP CEN/TR 17603-32-21:2022
01-september-2022

Vesoljska tehnika - Priro¢nik za lepljenje

Space engineering - Adhesive bonding handbook

Raumfahrttechnik - Handbuch zu geklebten Verbindungen

Ingénierie spatiale - Manuel de collage

Ta slovenski standard je istoveten z: CEN/TR 17603-32-21:2022

ICS:

49.025.50 Lepila Adhesives

49.140 Vesoljski sistemi in operacije Space systems and
operations

SIST-TP CEN/TR 17603-32-21:2022 en.fr,de

2003-01.Slovenski institut za standardizacijo. RazmnoZevanje celote ali delov tega standarda ni dovoljeno.



SIST-TP CEN/TR 17603-32-21:2022

iTeh STANDARD PREVIEW
(standards.iteh.ai)

SIST-TP CEN/TR 17603-32-21:2022
https://standards.iteh.ai/catalog/standards/sist/999ec84d-4261-4189-b0e6-
cale66835c45/sist-tp-cen-tr-17603-32-21-2022




TECHNICAL REPORT CEN/TR 17603-32-21
RAPPORT TECHNIQUE
TECHNISCHER BERICHT June 2022

ICS 49.025.50; 49.030.99; 49.140

English version
Space engineering - Adhesive bonding handbook

Ingénierie spatiale - Manuel de collage Raumfahrttechnik - Handbuch zu geklebten
Verbindungen

This Technical Report was approved by CEN on 13 April 2022. 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 17603-32-21:2022 E
reserved worldwide for CEN national Members and for
CENELEC Members.



CEN/TR 17603-32-21:2022 (E)

Table of contents

European FOreWOrd............c.coiiiiieiiiiirieiisrrssssss s s snsss s s s s s s s s snmsss s s s s nmsssssnnnmsssssrnnns 27
S T o - 28
2 RefErENCES .......ce s 29
3 Terms, definitions and abbreviated terms........ccooei i 30
3.1 Terms from other dOCUMENES..........cooiiiiiiiii e 30
3.2 Terms specific to the present document’..............oooiiiiiii i, 30
TR T = =1 = o [o Y 48

L N T 1 T 3 ' Y 49
4.1 Joining methods for Space StrUCUreS..............uuuuuiiiiiiiiiiiiiiiiiiii e 49
g Ot B € 1= 1= - | P 49

4.1.2  AdhesiVe DONAING ....oooiiiii e 49

4.1.3 Mechanical fastening disadvantages............ccccccccciiiiiiiiiiiiiiiiiiiiiiiiii 50

4.2 REFEIENCES ...t eee ettt ettt e s e e e e e e e e ae e e e e e e et e e atat i aeaeeaeeeernnes 51
421 GeNEral....ccciiiii i 51

4.2.2 ECSS dOCUMENTES....ccciiiiiiiiieeeee e 52

ES I Ve | 3 =T =Y 5 T PN 53
o 0t B [ Yo [ o 1o ] o 1SS 53
5.1.1 L€ 1= =T = | PP SRPPPPPRR 53

5.1.2  Polymer COMPOSIES ......ccoeiieieeeeeeeeeeeee e 54

5103 MetalS e e 54

T I S O7= 1 = 4o (o7 TR 55

5.2  Advanced COMPOSITES.......ccoiiiiiiiiiiii e 56
5.2.1 Polymer-based COMPOSItES ............uuuiuiiiiiiiiiiiiiiiiiiiiii e 56

5.2.2 FML - Fibre metal laminates. ..........oooe i 60

5.2.3 MMC - Metal matrix COMPOSItES ......ccceeeeeeieeieeeeeee e, 60

B.3  MELAIS ... e 61
5.3.1  Structural materialS ........ccoooeiieeieeeee 61

532  NeWMALErialS ..ccoooeeeeeeeeeeeee e 61

5.4 Higher-temperature appliCations..............uuciiiiiiiiiice e 62




CEN/TR 17603-32-21:2022 (E)

541 AdNErEeNdS ....cooooiiiiieeeeee 62

5.4.2 AJNESIVES ... 62

543 General guIdelines .........cooooiiiiiiiiee 64

5.5 Low-temperature and cryogenic applications..............cooeviiiiiiiiiiiii e 64
551 AdNEIeNndS ... 64

552  AJNESIVES ... 64

55.3 General QUIdElNES .........cooiiiiiiiei e 65

5.6 Bonds between adherends ..o 65
5.6.1 LG 1= =T = PSRRI 65

5.6.2 Composite-to-COMPOSILE .......cuvvuiiiiiiiiei e 65

5.6.3 Composite-to-metal..........oooiiiiiiiiiii i 66

5.6.4 Metal-to-metal ... 66

5.6.5  Dissimilar materialS..........coooiiiiiiiiiii e 66

5.7 RefErenCeSs ....coooiiiiei 67
BT GENEIAL ... 67

5.7.2  ECSS dOCUMENTS....uuiiii it e e 68

6 Adhesive characteristics and properties..........cccommmmeiiiiiiiinin e, 69
L 70 O 1) o Yo [ T34 o SR 69
6.1.1 LCT=T =T = | P SRPPPPPRT 69

B.1.2  GUIAEIINES ..o 69

6.2 Types Of @dNESIVES ..o 70
6.2.1 FOrMUIGLION ... .o e e e 70

6.2.2  CharaCteriStiCS ....ccoeeee oo 70

6.2.3  Mechanical Properties ........cccceuiiiiiiiiiii e 73

6.2.4  Environmental durability ...........ooooiiriii i 73

6.2.5  Aerospace structural adhesiVes ...........oovviiiiiiiiiiiiiicc e 74

6.3 Epoxy-based adneSIVES...........cooiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeee e 74
6.3.1 L€ 1= =T = | P UUPPPPPPPPIN 74

B.3.2  PrOPEIIES oo 75

6.3.3  Environmental durability ..o 80

6.4 Polyimide-based adhesiVes .............oooiiiiiiiiiiiiiiiiiiiiiii 84
6.4.1 L€ 1= =T = | P UUPPPPPPPPIN 84

B o o] o 1= o [ 85

6.5 Bismaleimide-based adhesiVes. ..o 87
6.5.1 LG 7= =T = | P UUPPPPPPPRIN 87

B.5.2  PrOPEILES ... 87

6.6 Silicone-based adhESIVES ...........cooeiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeee e 89




CEN/TR 17603-32-21:2022 (E)

B.6.1  GENEIAL ... 89

I I o o] o 1= o {1 89

6.6.3  Environmental durability ............ooooiiiiiiiii 91

6.7 Elastomeric adNeSIVES .........oooiiiiiiiiiiiiiiiiiiieeieeeeeeeeeeeeeeeeee e 92
6.7.1 LG 1= =T = USRS 92

6.8 AdheSiVES USEA IN SPACE ...ouuuuii it e e e e e e e e e er e e e e 92
6.8.1  AdhESIVE SYSIEMS ...uuuiii i 92

(SRS I o= =T =T o o 96
6.9.1 LG 1= =T = PSRRI 96

6.9.2  Data SheetS....coooeeiiii e 97

B.9.3  SOUIMCES ..o 98

6.9.4  ECSS dOCUMENTS. .. .uiii i a e 98

6.9.5  Other standardS ........cccoo i 98

7 Adhesive selection ... ————— 99
4% S [ oo Yo [ T 1o ) o 1R 99
7.2 Adhesive selection factors ........ccoii oo 99
7.2 GUIAEIINES .. 99

7.2.2  EVvalualion ©XEICISE ....cccoiiiiiiiiiiieiei et 99

T7.2.3  Trade-Off ... 100

7.3 Post application selection factors..............ccceeiiiiiiiiiiicc e 101
7.3.1 Earth environment ... 101

7.3.2  SPace EnVIrONMENT .......ccoiiiiiiiiieie et e e e e e 103

7.4 Pre-application selection factors ............couueeiiiiiiiiccc e 106
T4 JOINEAESIgN ..o e 106

7.4.2  AdheSIVE SYSIEMS ... 106

7.4.3  Environmental factors .........ooouuuiiiiiiiii e 108

744  CoStTaCtors. ..o 108

7.5 APPICAtION ..o 109
751 MethO. .o 109

7.5.2  CUrE faCIOrS ..o 110

7.5.3  Health and safety ... 111

7.6 Adhesive screening criteria for Space ...........ccccciiiiii 112
7.7 REfEreNCES ..o 113
TT A GENEIAL... e 113

7.7.2 ECSS dOCUMENES. .. .t 114

7.7.3  Other standards ........ccoooiiiiiiiiie 115

8 BasiC JOINt tYPeS ......euiiiiiiiiiiiieeir s 116




CEN/TR 17603-32-21:2022 (E)

8.1 INTrOAUCTION ...t e e e e 116
8.2 Bond or mechanically fasten ... 116
8.2.1 (G 1= =T = S 116

8.2.2  Adhesive bonding in the space industry ...........ccccoviiiiiiic 118

< TR S o= o [ To i o g ToTo [T PP PPPPPPPPPN 118
8.4 Tensile shear 10adiNg.........ccouiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeee e 119
8.4.1  GENEIA ..o 119
8.4.2  JOINEGEOMELIY ..o 120

8.4.3 Composite adnerends ..........oouuuiiiiiiiiiiiee e 122

8.5  REIBIENCES ... 124
8.5.1  GENEIAL ... 124

TR T To U 4 o= TR 124

8.5.3  ECSS dOCUMENTS.....ccoiiieieeeeee e 125

9 Joint selection ... ————————— 126
LS TR B 1) o Yo [ T3 4o o PR 126
9.2 JOINt SIrENGtN ...cooiiiiiiiiiiiiieei e 126
9.2.1 Failure MOAES .........uiiiiiiiiiiii e 126

8 I € 10 {To 1= 11 = 130

9.2.3  JOINEAESIGN ... 131

9.3  Faligue reSiStanCe .........oooiiiiiiiiiie e 132
9.31ps //Gerevals.1teh.ay catalog standards/S1st 277€Coa0-440.1 -4102-00e0- ... 132

9.3.2 Joint evaluation ........ccooiiiiiieec e 132

9.3.3  Factors influencing fatigue resistance ............cccccoeeeeeiii 133

9.4  Acoustic fatigue resiStance ...........ooevvviiiiiiiiiiiiiiiiii e 135
9.4.1  Bonded carbon/epoxy composite jOINtS .........ccoovveiiiiiiiiiiii 135

0.5 REIBIENCES ... 137
9.5.1  GENEIAL ... 137

10 Theory and design practices .........cccociiiiiii s 138
10.1 INEFOAUCTION ...ttt 138
1011 ANAIYSIS oo 138
10.1.2 Factors of safety ... 138

10.2 Basic theories of bonded JOINTS ..........uuiiiiiiiiiiiiiiiiiiiiiiii s 138
10.2.1  Shear 1ag @nalySiS.........cuuiiiiiiiiiiiie i 138
10.2.2 Linear-elastic stress-strain reSponse.........cccccvvvviiiiiiiiiiiiiiiiiiiiiiieeeee 139
10.2.3 Non-linear stress-strain reSPONSE..........ccvvviviiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeee 139

10.3 Environmental factors for bonded joiNtS ... 144
10.3.1 Effect of temperature and moisture ...............coovvviviiiiiiiiiiiiiieeeeee 144




CEN/TR 17603-32-21:2022 (E)

10.4 Effect of bonding defects .......coiiiiiiiiie e 148
(R S T 1= o = - | SRR 148
10.4.2 Description of bonding defects ... 148
10.4.3 NDT non-destructive teChniques ..........cccoooeiiiiiiiiiiiiiie e 156

10.5 Double lap and double strap jOINtS.........ccooiiiiiiiiiii 158
10.5.1  Stress distribution ..........oooieiiii e 158

10.6 SiNGIE 1AP JOINES ...ueiiiiiecieee e e e 162
10.6.1  GENEIAl...ccce e 162
10.6.2 Load path €CCentriCity .........cccevviiiiiiiiiiiiiiiieeee 162
10.6.3  Joint effiCIENCIES......cce e 162
10.6.4 Adhesive characteristiCs. ..o 165

10.7 Double-sided stepped 1ap JOINES .....ooeeiiiiiii e 165
10.7.1  Joint strength ... 165
10.7.2 Adherend stiffness balance ... 165

10.8 Single-sided stepped [ap JOINTS ........ooviiiiiiiiiie e 168
10.8.1 Joint strength ..o 168

10,9 SCaAI JOINTS ... it e e e e e et e e e e e e e e e e et e e eaaaas 168
10.9.1 Jointstrength ... 168

10.10Calculation of bonded joint strength...............oiiiiiiiiiiiiiie 169

10.11 Analysis of joint CONfIGQUIratiONS..........uuuiiiiiiiiiiiiiiiiiii s 169
10.11.1 Analytical NOtatioN ..........uiiiii e 169
10.11.2 Single lap shear joint..........ooooiiiiiie 170
10.11.3 Double lap shear joint ... 173
10.11.4 Double-lap shear joint under mechanical and temperature loads ............ 175
10.11.5 Single taper scarf JoiNt..........ooooviiiiiiii 183
10.11.6 Double taper scarf Joint ... 184
10.11.7 Stepped 1ap JOINt .....ccoeeeeeeeeeeeeeeee e 185
10.11.8 Analysis of environmental factors............ooooiiiiiii 186

(LR Y o F= 1) (ez= 1 I (=TS o g T o T T 187
TO.12.1 GENEIAL ... e e e et e e e e et aaaaaeaaaa 187
10.12.2 Commercial SOftWare ............coovviiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeee 187
10.12.3 IN-hoUuSE SOftWAIE .....ccoiieiiiiii e 187

O BT ST O o1 | o L 187
10.13.1 BaCKGrOUNG........cooiiiiiiiiiiiiiiieee e 187
10.13.2 USAQGE @NA SCOPE .....ceeviiiiiiiiiiiiiiiie ettt 188
10.13.3 Analysis and data...........oouviiiiiiii e 188

10.14 Astrium: Example spreadsheet ..., 191




CEN/TR 17603-32-21:2022 (E)

10.14.1 GENEIAL ...t 191
10.14.2 USAQGe @Nd SCOPE .....ceeviiiiiiiiiiiiiiieeie ettt 191
10.14.3 Analysis and data.............ooooviiiiiiiiiiiiii e 191
10.15ESDU data and SOftWAIe ...........cooiiiiiiiiiiii e 194
O TR T T 7= o = = | SRR 194
10.15.2 ESDU 78042: Bonded JOINtS = 1.....eeiiiiieiiiiiiiiiieeeee e 194
10.15.3 ESDU 79016: Bonded joiNtS — 2......ccvuuuiiiiiiiiiiiieicce et 195
10.15.4 ESDU 80011: Bonded joints — 3......ooiiiiiiiiiieiiiieecci et 196
10.15.5 ESDU 80039: Bonded joIiNtS — 4......ccooiiiiiiiiiiiiieieee e 196
10.15.6 ESDU 81022: Bonded joiNts — 5.....coooviiiiiiiiiiiiiiiiiiiiieieeeeeeeeee 197
10.16DESIGN Char ... e e e e e e et e e e e rt e e e e et e e eenes 198
10.16.1 AIdE MEMOINE ... e e s e e e e e e e e eeat e e e e e e eeeeanee 198
10.16.2 JOINt CAEGOIY....coiiiiiiiiiiiiii e 198
10,17 REFEIENCES ...t e e e e 201
10.17.1 GENEIAL ... 201
10.17.2 ECSS dOCUMENTS.....cceiiiiiiiiiiie ettt e et e s e e e e e e e eeeaea e e e e eaeeeeanne 203
10.17.3 Other standards ............oooiiiiiiiiiiii e 203

11 Design allowables ... er e e e e 204
P B Vg 0T [T« T o PR 204
L ST | L= F= T o o | S 205
110204/ Statigloading ar.catalog/standards/S1sl.2778Coa0-420. 410 :0UC0- ... 205
11.2.2  Dynamic 10adiNg ......ccouuiiiiiiiiiiiiiiieeeeeeeeeeeeee e 209

11.3 Double 1ap JOINT......o e e 211
11.3.1  Static 10ading ........ooveeieeieeeeeeee e 21

11.4 Symmetrical double scarf JOINt..............uiiiiiiiiiiiiiiiiii e 212
11.4.1  Static 10ading .........coooviiiiiiiii 212
11.4.2 Dynamic 10adiNg .......coouuiiiiiiiiiiiiiiiiiieeeeee e 214

115 REIEIENCES ...t et e e e e e e e e e e e e e e aaes 216
T1.5.1  GENEIAL ... et aaaaaaaaa 216
11.5.2 ECSS dOCUMENTS......eiiiiiiiiiiiiiiiie e 216

12 Surface preparation.........ccccceeiiiiiciiieii i ————— 217
22 B Vg (0T LU T3 1T PRSP 217
12001 GENEIAL ... 217
12.1.2  Standard PrOCESSES ......ccoviiiiiiiiiiiiiiii et 218
12.1.3  Development PrOCESSES........cciiiiiiiiiiiiiiiiieeeeeeeeeeeee et 219
T12.1.4  PrOCESS SIEPS ceinuiii ittt et a e e et aaaaeeanee 219
12.1.5  Legislation..........cooiiiiiiiiiiiii 219




CEN/TR 17603-32-21:2022 (E)

12.2 Composites: Thermosetting matriX ..........ccooooiiiiiiiiii e, 219
P2 T € 1= o 1= - | SRR 219
12.2.2  TECHNIQUES ..ceeeiiiii ettt e e e e e e e e e eeeeta e e e e aeeaeeenee 220
P23 T N o] - 1= (o ] o B 220
12.2.4  PeEIPIY oo 222

12.3 Composites: Thermoplastic MatriX..........ccoooeviiiiiiiiii e, 222
1231 GENEIAl.cccciiiii e 222
12.3.2 Proposed MethOdS.........oouuiiiiiiiiiiiece et 223

12,4 AIUMINIUM @IIOYS ...ttt sssssseseeenennes 224
12.4.1  Aerospace aluminium alloys............coooviiiiiiiiiiiiiiiiiiee 224
12.4.2 MMC and Al-Lithium alloyS........ccoovviiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeee e 224
12.4.3 Optimised Forest Products Laboratory (FPL) etch............cccovvviiiiiiiinnnnne. 225
12.4.4 Phosphoric acid anodising (PAA) ........cooiiiiiiieeeeeeee 227
12.4.5 Chromic acid anodising (CAA) .......oouiiiii et 227
12.4.6 Boric sulphuric acid anodising (BSAA) ........coooiiiiieieeeeeee e 228
12.4.7 Thin film sulphuric acid anodising (TFSAA) ... 231
12.4.8 Solvent vapour Cleaning ........cccooeiiiiiiiiiiiiee e eeaaaes 231
12.4.9 DeVvelopmMENt PrOCESSES.....cccuui it eeeetee e e e e e e e e e e e 232

T I 2= 1 110 o 1= 0} T TR 233
(7 T I =T o= - | USSP 233
12.5.2 Acid or alkali €1Ch .........oooiiiiiii e 234
12.5.3 Non-chromium proprietary ProCesS .......cceiievviiiiiiiiiiiieeeeeeeeeiiiieaeeeeeeeeeannes 235

L ST S =Y =T =Y Tt PSR 235
12.6.1  GENEIAl..cccieiiiieeeeeeeeeee 235
12.6.2 ECSS dOCUMENLES.....coiiiiiiiiiieeeeeeeeeee ettt 237

13 Bonding Methods ... s 238

S TR B Vg (oo [T« T o U 238
13.1.1  BaSiC MENOAS ....eiiiieieee e e e e e eanaes 238
13.1.2  ANESIVES ... 238
13.1.3  Composite StrUCIUreS .......coeveiiiiiiieeeeeeeeeeeeeeeeeeeee e 239

LS I O 7o T et U 4 oo PP PP POPPPPPRI 240
13.2.1  APPIICAtIONS....ccoiiiiiiiie 240
13.2.2  LOAAING ...cciiiiiiiiiiiiiiiieeee e 242
13.2.3  AJNESIVES ..o 242
13.2.4  TOOING ..ot 243

13.3 Secondary bONAiNG.........oouiiiiiiii e 243
13.3.1  GENETAl..ccccciiieeeeeeeeeeeeeeee 243




CEN/TR 17603-32-21:2022 (E)

13.3.2  ANESIVES ..o 243
13.3.3  TOOING i 244

13.4 APPIYING ONESIVES ......eiiiiiiiiiiiiiiteiiieeeei bbbt ee b beenennennennnnne 244
13.4.1  Film @dheSIiVES ......cooeeieeeieeeeeeeeeeeee e 244
13.4.2 Paste adheSIVES........cooiiiiiiiii e 245
13.4.3 Manufacturing ProCESSES .........ccuviiiiiiiiiiiiiiiiiieieeeeeeeeeeeee e 248

13.5 Manufacturing factors for adhesiVes ...........ccooiiiiiiiiiiiiiiiecc e, 249
13.5.1  GENEIAl..ccccceeieeeeeeeeeee 249
13.5.2 Product-specific factOrs.........ccoooeiiiiiiiiei e 249

13.6 BONAING INTEGIITY ...evieiiiiiiiiiiiiiiieiei ettt eeenbenesneaeenna 251
13.6.1  GENEIAl..cccieeeieeeeeeeeeeeeeee 251
13.6.2 Manufacturing-related factors...........ccccccvviiiiiiiii 251

13.7 Thermal bonding thermoplastic COMpPOSItES...........veiiiiiiiiiiiiii e, 251
1371 GENEIAl..ccccceeiee e 251
13.7.2 DireCt BONAING ....coceeiiei e 252
13.7.3  Thermabond PrOCESS .....ccuuuuiiiiieeii et e e e e et e e e e e eeeeannes 252
13.7.4 Welding teChNIQUES......cuuiiei e e 253

13.8 Rapid adhesive bonding (RAB)........oouiiiii e 253
T3.8.1  GENEIAL ... e a e 253
13.8.2  APPIICAIONS....ouiiiiii e 253
13.8.3  Materials .....cooeeiiiie e e e 253

G TR T S o o T = 1 OSSP 255
13.8.5 EQUIPMENT....cooiiiiiii e a e e e aanae 255
13.8.6 Carbon fibre reinforced compoSItes.......ccoeeeiiiiiiiiiiiiiiiiicce e, 256
13.8.7 Joint strength ... ..o e 257

13.9 REFEIENCES ... e ettt e e e e e e e e eare e e e aaes 257
13.9.1  GENEIAl ..o 257
13.9.2 ECSS dOCUMENLS....cciiiiiiiiieeeeeeeeeeeee ettt 257

14 Quality @SSUIraNCe........cvviiiiiiiiiiiiii 258
{3 B Vg (0T [T« T o S 258
14.1.1  DOCUMENTALION... ..ot e e e e e eeeeees 258
14.1.2  StANAArdS ....oooviiiiiii i a e 258
14.1.3 Aerospace appliCationS .........cooee i 258

14.2 QUANILY SYSTEIM ... 259
T4.2.1  GENEIAL ...t e e e e e e aaaaa 259

14.3 SPECIfICALIONS .ovveei i 259
14.3.1  ProCUMEMENT ... .eei e e e e e e e e eeeaee e e e e e eaeeeeeees 259




CEN/TR 17603-32-21:2022 (E)

14.3.2  INCOMING INSPECLION ....oiiiiiiiii it 260
14.3.3  DESIGN..cciiiiiiiiiii 260
T4.3.4  PrOCESSES ...oeeiiiiiieee e e e e ettt e e e e e e ettt a e e e e e e e e e taata e e e e e eeeeeaentanaaeaaaaeeeennes 260
14.3.5 MaterialS ....coooeiiiieeeeeeee 261
14.3.6  Training PersonNel ...........ccoouiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeee e 262

L O =Tl Q1] (PR 262
14.4.1 Material procUremMeENt ..........eeiiiii e 262
14.4.2 BoONAEd JOINTS coovvuiiii i eaaae 266

LR T S =Y =T =Y Lot R 268
T4.5.1  GENEIAL ... e e e e aaaae 268
14.5.2 ECSS dOCUMENLES.....cciiiiiiiiiiieeeeeeeeee ettt 268

15 Test Methods ... s 269
R 20 B Vg (0o 18T« o S 269
15.1.1 Use of test methods ......oooveiiveiiiiieeeeeeee 269
15.1.2 AdheSives fOr SPACE USE .......ccoiieiiiiiiiiiiiiie ettt eeeeeanees 269
15.1.3 Characterisation of adhesives .............uiiiiiiiiiiiic e 271
15.1.4 Assessment of adhesive bonding process .........ccccceeeeiiiiiiiiiiiiieeeeenieeinn, 272
15.1.5 Test methods and standards.............ccccvvvviiiiiiiiiiiiiiee 273

15.2 Tensile tests for adNESIVES ........ccooiiiiiiiiiie e 274
15.2.1  GENEIAl..cccciiiiiieeeeeeeeeeeee e 274
15.2.2 Adhesive evaluation ... 274
15.2.3 Sandwich panels: Flatwise tensile strength ... 275

15.3 Shear tests fOr adNESIVES .........uuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeiieieeeeeeeeeaneeaneeeeennaeennnnnennes 275
15.3.1  GENETAl..cccceeeiieeeeeeeeeeeeee 275
15.3.2  NaPKIN FiNG...cooiiiiiiiiii e 275
15.3.3 Thick adherend single lap ... 276
15.3.4  SINGIE 18P ceeiiiiie e 276
15.3.5 DOUDIE 1AP.....cciiiiiiiiiiiee 278
15.3.6 Cracked lap shear (CLS).......ccooviiiiiiiiiiiieeeeeeeeeeeeeeee 280

15.4 Cleavage Of adNESIVES .........coiiiiiiiiiiii e 281
1541 GENEIAl.cccccoiiieieeeeeeeeeeeee 281
15.4.2 Specimen geOMEtIY .......ooviiiiiiiiiiii 281
15.4.3 Typical test reSUS ......coooviiiiiiiiii 284
15.4.4 Calculation of fracture strength............cccoii 285
15.4.5  LOAAING ...cciiiiiiiiiiiiie 287

15.5 Bond durability by wedge test ..o 287
1551 GENEIAl..cccooiieiieeeeeeeeeeee 287

10



CEN/TR 17603-32-21:2022 (E)

15.5.2 Test specimen and configuration................cooooiiiiiiiiiii e 287
15.5.3 Results and analysis ... 289

15,6 Pl OO .o e as 289
15.6.1  GENEIAl..cccoeeeiiieeeeeeeeeeee 289
15.6.2 Climbing drum peel test for adhesives...........ccccccvviviiiiiiiiiiiiiiiiiiiiiiiee 290
15.6.3 TPl St ... 291
15.6.4 Floating roller PEEL.........couvvueiii e 291

15.7 Fatigue reSiStancCe ..........oouiiiiiiii i 292
15.7.1 Fatigue properties of adhesives ...........cccooiiiiiiiiiiii e 292
15.7.2 Fatigue resistance of bonded joints............ccoovvviiiiiiiiiiiiii 293
15.7.3  ACOUSEIC faliQUE.....c.coeiiiieee e 295

15.8 Creep reSISIANCE ... i e 295
15.8.1  AdhESIVE ProPerti€s .....oooviiiiiii et e e e eanees 295
15.8.2 TeStMEethOdS ......eii e 296

15.9 Environmental reSiStanCe...........ooooiiiiiiiiii e 296
15.9.1 Earth . 296
156.9.2y3'8pace... & L. AN AN A BD RN BDED RN/ B R SA/ 296

RS TR L0 = =T =T o 297
1 TR TR B = = - | SRR 297
15.10.2 ECSS dOCUMENES.....ccciiiiiiiiiiiie ettt e ettt s e e e e e e e e et ea e e e e e aeeeanees 299

R LR @ 1 1= = =T T F= T o <P 299

16 INSPECHION......... e 300
L 20 B Vg (oo [T T o S 300
02 o[ o) 1 1] o Y=o 1o o I 300
(T R =Y o= - | RPN 300
16.2.2 Quality control and iNSPECtioN ............ccoviviiiiiiiiiiiiiee 300
16.2.3 Non-destructive teSting ...........cooviiiiiiiiiiiiii 301

16.3 DEIOCES .. 301
16.3.1  BoNnded JOINtS ....ccoiiiiiiiiiiiiieee e 301
16.3.2  AdNESION ..o 301
16.3.3 Cohesive properties of adhesives ............ccoovvvviiiiiiiiiiiiiiiieeeeeeee 302
16.3.4 Significance of defects ... 302

16.4 Inspection teChNIQUES ..........eeii e 304
16.4.1 Commonly-used teChNIQUES ............coooiiiiiiiiiii e 304
16.4.2  DeVvelopmMENtS ........ooiiiiiiiiiiiii e 305

LGRS T U 11 (=TT T o o 306
16.5.1  APPIICAIONS. ... e 306

11



CEN/TR 17603-32-21:2022 (E)

16.5.2  LiIMItationS......oooiiiiiiie 306
(TR TRC T 2= o~ | o [ USSR 306
16.5.4 Leaky Lamb waves (LLW).......ooooiiiiiiiiiieeeeeeeeeeeeeeee 307
16.5.5 ACOUSIO-UIFASONIC......ccceeiiiiiieiiiiieeee e 308

(L I =T oo r=T o] 4| AR PRSP OTPPRPRPRRRRTRRRR 308
16.6.1  APPICALION ..o 308
16.6.2  LimItationS......ooviiiiiieeeee 308
16.6.3  X-radiography ......cci i e e e 309

16.7 Mechanical impedance: Bond teSters ..o 309
16.7.1  APPICALION ..o 309
16.7.2  LIMIAtioNS ..o 309
T16.7.3  PriNCIPIE ... a e e e aanae 309
16.7.4 FOKKer bond teSter.......oooviiiiii e 310
16.7.5 Acoustic flaw detector ... 310

LIRS I s (0] (oo =T o] )V 311
16.8.1  APPICALION ..o 311
16.8.2  LIMItatioNS....cceiieei et 311
16.8.3  PriNCIPIE . 311

(L R I I =T g el =T o] TR 311
16.9.1  APPIICALION .o 311
16.9.2  LIMItAtioNS...cceeeiiiii et e e e eeaees 311
16.9.3  PriNCIPIE .o aaaaaaae 312

16. TOACOUSHIC BMISSION .....iiiiieceeiei e e et e e e e e e e e ea e e e eeeas 312
16.10.1 APPLICAtION ..ceeieceee e e 312
16.10.2 LimMItatioNS....coeeieiii et e e 312
16.10.3 PriNCIPIE ...t e e e e e e e e e eanae 313

T I I = =T =T oY 313
0 I Ot =T =T P 313
16.11.2 ECSS dOCUMENES.....ccciiiiiiiiiieii e e e e e e e a e e e e e e eeannes 315

17 Materials for repairs ........ccccoiiiimimiicc e 316
4% B Vg (o To [T T o S 316
T7.1.1  GENEIAL ...t e e e e e e aaaaa 316
17.1.2  Repair PrOCEAUIES........eeeeiiiiiie e et e e ettt e e e e e e e e eeeana e e e e aeeeeeennes 316
17.1.3 RePAIrIEVEIS ... e e 316
17.1.4 Basic features of bonded repairs..........cccccvvviiiiiiiiiiii 317
17.1.5 Objective Of re€PaIr.........couuiiiii it 317
17.1.6  Materials .......ooeeiiie e 317

12



CEN/TR 17603-32-21:2022 (E)

L% T A B 1Y o | o PSP UUUPPPRTRTRIR 318
17.1.8 Quality @SSUrANCE .......cceveiiiiieiieiieeeeeeeeeeeeeeeeeeeeeeee et 318

LA A == 1= g1 =T | =T =Y o To [ S 320
17.21  MaterialS c.coooeeeieeeeeeeeeeeeee e 320
17.2.2  SandwiCh StrUCIUIES .......oouiiii e 320

17.3 RePaIr PALCNES ...t 320
17.3.1  MaterialS ..cooooeeieeeeeeeeeee 320

A o | 1= TS =T 321
0 S T 1= o = - | USRS 321
T17.4.2  SHUCKUIAD ... e e e e et e e e e e e e e eeannes 321
17.4.3  SPICE oo 321
17.4.4 Fillers and MastiCS ........couuuiuiiiiiiieii et eaeeeanees 322
17.4.5 Potting COMPOUNGS .....ccoiiiiiiiiiiiiiiiiii e 322
T7.4.6  Properties ..o e 322
17.4.7 Repair adhesive selection factors...........cc.cooooiiiiiiiiiccc e, 323

L T 2 =Y =T =Y Tt PR 324
25 Tt B 1= =T | S S 324
17.5.2 ECSS dOCUMENLES.....ciiiiiiiiiiiieeeeeeeeee ettt 325

18 DesSign Of rePairs ....ccvveeeecciiiiiiiiirrre s e 326
< T B Vg (oo [T T o S 326
18.1.1 Basic categories of repair...........ccccvvvviiiiiiiiiiiie e 326
18.1.2 General design CONCEPLS.......ccuviiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeee e 327
18.1.3 Composite repair design CONCEPLS .......cevvvveviiiiiiiiiiieieeeieeeeeeeeeeeeeeeeeeeeeee 329
18.1.4 Sandwich panels, laminates and sheet metal..................cccccvieeieiiin, 330
18.1.5 Cracked metal COmPONENtS........ccooiiiiiiiiiii e 330

18.2 Concepts for laminates ..........ciiii i 330
18.2.1  GENEIAl..cccceeeeeieeeeeeeeeeeee 330
18.2.2  FIUSN FEPAIIS ..ccoeeiiiiiieeeeeeeeeeeee e 330
18.2.3 EXternal repairs ... 331

18.3 Concepts for SaNAWICh PANEIS .........uuiiiiiiiiiiiiiiiiiiiiiiiiiii e eennenennennnnnes 331
18.3.1 Repair ObJECHIVES ......ccooviiiiiiiiiiii 331
18.3.2  Field level repairs ... 332

18.4 Design parameters: Thin skin CONSITUCLIONS..............uuuiiiiiiiiiiiiiiiiiiiee 334
18.4.1 DeSign PriNCIPIES ... e e e e eeeees 334

18.5 Design parameters: Crack patching metals..................uvuiiiiiiiiiiiiiiiiiiiiiiiins 336
18.5.1  PrINCIPIES ...t a e aaaae 336

R T I = (=T =T Lot PR 337

13



