DIN EN 16602-70-16:2022-02 (E)

Space engineering - Adhesive bonding for spacecraft and launcher applications;
English version EN 16602-70-16:2021

Contents Page
European FOreword...............oiiieciiirrieisirrssss s s rssss s s snmsss s s nms s s s s nmssssssenmnses 7
[ 01 Yo ¥ o o o T 8
LIRS T o T = 9
2 Normative referenCes. ... iiieeiiiicc it s s s e s s en s e e enn e een 10
3 Terms, definitions and abbreviated terms..........cccciviriiircii e 11
3.1  Terms from other standards............c.oouuiieiiiii i 11
3.2 Terms specific to the present standard ..., 11
3.3  Abbreviated termMS. ... ..o 14
3.4 NOMENCIAIUIE ... 15
4 Principles of adhesive bonding.......ccccccooiiiiimiiiicccciier e 17
g B O 1V =Y Y/ 1 R 17
4.2 Design of hardWare............cooii i 17
4.3 Performance of the adhesive bond .............ccoooviiiiiiii e 18
4.4  Adhesive DONAING PrOCESS......uuuuuuuiiiiiiiii e 18
5 Selection of adReSIVe .....cc.. i e e 20
LT I O 1YY oV T R 20
5.2 Analysis of adhesive application ..............cooiiiiiiiiiii e 20
6 Definition of adhesive bonding process............ccccviiiiiiiiiiiiiininnnncsnns 23
6.1 Adhesive bonding process requiremMents ............cccoveieiiiieiiiiinie e 23
6.2 Adhesive bonding proCedure ..o 23
6.3 Adhesive bonding process traceability.............cccooveiiiiiiiii e, 23
7 Verification of adhesive bonding ........ccceuueiiiiiiiiiiiccc e 25
A B O Y=Y oY/ = Y 25
7.2 Adhesive bonding test plan...........coovoeiii i 25
7.3 Adhesive bonding test report ... 25
7.4 Testitem bonding ProCeAUIe .........cccceeviiiie i 26
7.5 Testitem configuration ............ccooiiiiiiiiii s 26

7.6 Testitem identification ........c.oveieie e 27



7.7 Verification teSt SEQUENCE .......coii i 27

A A B € 1= T - | 27

7.8 Testitem manufaCturing ...........coooiiiiiiiiiiii e 28
7.9 Testitem conditioNiNgG ......ccoeeiiiiiiiiiiiiiiiiiiiiiiiie e 29
7.10 Simulation of on-ground environmental EXpOSUre .............ccovvveeeeeeeeeieeiinnnnnn.. 29
7.11 Simulation of launch environmental eXposure..............cccccovvviiiieeieeeecceeiinn. 31
T A1 OVEIVIEW ... 31
711.2 Test definition..........cooii i 31

7.12 Simulation of mission environmental eXpoSUre ............cccoovvviiiieeieeeeceeiiinnn. 31
A B © LY== P 31
7.12.2 Thermal cycling test conditions ... 31

7.13 Inspection before, during and after environmental exposure.......................... 33
7.14 Test before, during and after environmental exposure.............cccccooeeviiiiiinnnnn.. 33
8 Quality @SSUFANCE.......cceviiiiiiiiiiennerre e e e e s s ssnrr e e e s e s s s s nnnn e e e e e e s s s s s s nnnnnnnes 35
& TRt N O A=Y o 35
S 0 € 1Y 1= - | 35
S TR T o (o Yol U] =Y 0 =Y o | O 35
8.4 Hazard, health and safety precautions............cccccoceeiii i, 36
8.5 INCOMING INSPECHION ......cciiiii i e e eeeeans 36
8.6 Traceability ........coeeiiiiiiiiiiiiiiiiiii e 37
8.7 Tooling and equipment CONrol.............uueiiiiiiiiiiice e 37
8.8  WOrKmanShiP. ... oo 38
8.9 Handling and StOrage..........cuuviiiiiiiiiiiiiiiiiiiiieeieee e 38
8.10 Inspection and bonding process CONtrol.............coovvviiiiiiiiiiiiiiiiiiiiiiiiieieeeeeeeee 39
8.11 Operator and inspector training...........ccccceeiiiiiiiiiiicee e, 40
(< 20 D2 Lo g oo g1 0] g =1 o ot 0SSR 41
Annex A (normative) Adhesive bonding procedure — DRD .............ccccc.... 42
A1 DRD identifiCation ............uuueeeiiiiii s 42
A.1.1  Requirement identification and source document...............ccccccceeeeee. 42
A.1.2  Purpose and ODJECHIVE.........cceiiiiiiiiiiiiiiiiiiieee 42

F N2 =5 (o1 o1 1Yo N =< o] 1T 42
A.2.1  Scope and CONENT.........ouuiiiiiiiiicce e eeens 42
A.2.2  SPeCial remMarks .........ooeuiiiiiii i 43
Annex B (normative) Adhesive bonding test plan - DRD...........ccccceeinnne. 44
B.1 DRD identifiCation ..........ccoieiiiiiiiiie e 44

B.1.1  Requirement identification and source document.....................cceeeeee. 44



B.1.2  Purpose and ODJECHIVE.............uviiiiiiiiiiiiiii 44

B.2 EXPECIed rESPONSE ....ccvii e e 44
B.2.1  Scope and content.........ccoooiiiiiiiiiiiiie e 44
B.2.2  Special remarks .........oouuuiiiiiiiiiiee e 44

Annex C (normative) Adhesive bonding test report -DRD..............cceeeeenn. 45

C.1 DRD identification ........cooeeiiiiii e 45
C.1.1  Requirement identification and source document................ccccceeeeennnen. 45
C.1.2 Purpose and objective.............ouuiiiiiiiiiiicc e 45

C.2 EXPECIEA FESPONSE ...ttt e e et e e e et 45
C.2.1  Scope and CoONtENt .......coii i 45
C.2.2  Special reMaArKS ......ccoeeeeiiiiiiie e 46

Annex D (informative) Examples of techniques used for adhesive material

characterization (BUlK) ...........eeeiiiiiiiic e 47

Dol OVEIVIEW .o 47

D.2  RREOIOGY ..o 47

D.3 Adhesive density and shrinkage .............cccco 48

DR A @ 10 (o b= E-1=1 ] Lo [E O UOPPRR 48

D.5 Differential Scanning Calorimetry (DSC)........cooeiiiiiiiiiiiiiiicee e, 49

D.6 Thermogravimetric analysis (TGA) ... 49

D.7 Dilatometry and Thermomechanical Analysis (TMA).......cccoooiiiiiiiiiiieieeeeeeeens 50

D.8 Dynamic Mechanical Analysis (DMA) ..........uoieiiiiiiiiiice e, 50

D.9 Tensile strength and Young's modulus ... 50

D.10 Shear strength and shear modulus (adhesive material) ... 51

D.11 Compression strength and modulus ............ccccooiiiiiiiiii e 51

D.12 Electrical reSistiVity .........ooooiiiiiiii 52

D.13 Thermal condUCHIVItY ........coooiiiiiiee e 52

D.14 Thermo-optical Properties ..........ccuui i 52

D.15 TransSmittanCe.......coooiiiiiii e 52

D.16 Water absorplion ........coooeeeeiiiiiee 53

Annex E (informative) Characterisation of adhesive in bonded assembly

(o2 o1 e 11T = 14 oY o 1R 55

Bl OVEIVIEW .o 55

E.2 Adhesive bonding test .......covuiiiiiii 55

E.3 Strength of bonded joINtS ... 56
E.3.1 Single Lap Shear Strength — thin adherends................evvviiiiiiiinnnns 56
E.3.2 Lap shear —thick adherend test........ccccoooririiiiiiii i, 56
E.3.3 Peelstrength test ...........uuuuiiiiiiiiiii 56



E.3.4 Testing of peel strength on Pressure sensitive tapes (PSA)............. 57

E.3.5 Tensile buttjointtests ......ccoooviiiiii i, 57
E.3.6  SpecCial tests.....ccoiiiiiiiii e 57
E.4 Fracture mechanics of adhesively bonded joints............cooooviiiiiiii, 58
E.4.1  Fracture mechanics test methods ..........cccocooiiii i, 58
E.5 Adhesive characteristics to be verified by test (in bonded assembilies) .......... 59
Annex F (informative) Ageing effects on adhesively bonded joints.......... 63
P O 01 1o o ¥ e 1o o SRR 63
F.2 Ageing of adhesively bonded joints...........ccvieiiiiiiiiiiic e 63
F.2.1  Natural @geiNg......coeiiiiiiiiiiiiiiiiiieiee e 63
F.2.2 Accelerated ageing ....c..oieiiiiiieeiiii e 63
F.2.3  FICK'S TaW ..eiiiiiiiie ettt e e e e e 64
F.2.4  Second FiCK'S [aW ......ccouuuuiiiiiiiiiiiiiee e e e 65
F.2.5 Water diffusion mechanisms and degradation models of adhesive
[0 1] € 67
F.2.8  SUMMAIY oot e e et e e e e e e e e eeaaes 73
F.3 Examples of hot-wet exposure conditions to be used in verification sequence
for spacecraft and [auNChErs. ... e 74
F.3.1 Satellites, in-orbit units, Probes ..........cccoooeeiiiiiiii e 74
F.3.2 The accelerated ageing of adhesively bonded assemblies for
launcher applications ............uiiiiiiiii e 77
F.3.3 Examples of hot-wet exposure tests...........coovvieiiiiiiiiiiiiie e, 78

Annex G (informative) System for training and qualification of adhesive

bonding PErsONNel .........e e 80
Bibliography......ee s e e 83
Figures
Figure 4-1: Overview of the constrains linked to adhesive bonds for space applications

(NOt EXNAUSTIVE).....ceiiiiiiiiiiiiiiiiiiie et 17
Figure 4-2: Overview on some parameters influencing the adhesive bond and its

Lo = o o 19
Figure 7-1: Flow chart with adhesive bonding verification sequence............................ 28

Figure E-1 : Average strength and standard deviation in tension, compression and
shear for different angles of solicitation (0°, 30°, 60°, 90°, 120°) of EA9394
adhesive [ref Gregory Bresson, “Collage fiable pour I'espace : influence de
la qualité des procédés et dimensionnement des assemblages”, thése

Université Bordeaux |, 2011] ..o 58
Figure E-2 : Examples of crack propagation modes and various test setups
(courtesy Ari@NEGIrOUPD) ......ceveieieiiieiiiiieiiieieeeeeeeeeeeeeeeeeeeeeeeaeeaeeeeeenneeeeeennnnne 59



Figure F-1:

Figure F-2:

Figure F-3:

Figure F-4 :

Figure F-5:
Figure F-6 :

Figure G-1

Tables
Table D-1

Table E-1
Table F-1

Table F-2 :
Table F-3 :

Table F-4 :
Table F-5 :

Table G-1

Example of non-linear evolution of Csat with RHeq for Glass fiber/epoxy
resin [courtesy Ariane groUP].....ccuuuoiereeiireeeeie e e e e e e e e e e e eaaans 66

Example of determination Deff and Csat parameters from absorption
curve; case of Glass fiber/epoxy resin with 65°C and RH=60% condition
[property Ariane group], follows Fickian behaviour [courtesy
ATANEGIOUP]....eeiiiiiei e e e et e e e e e e e e et e e e e e e e e e r 67

lllustration of a non-Fickian behaviour and evolution with sorption cycles of
one component epoxy adhesive, (up) normalised mass uptake —various
models, (down) moisture uptake and de-sorption [Mubashar, I. A. et al.,
2001 ) 68

The effect of ambient exposure in a controlled environment on single lap
shear strength of two component epoxy resin on aluminium as a function of
time [M. Chevalier, 2008] .........coiiiiiiiiiiie e 71

The effect of ambient exposure in a controlled environment on single lap
shear fracture mode as a function of time [M. Chevalier, 2008]................. 72

Evolution of single lap shear strength as a function of exposure duration in
an ambient controlled environment [IFAM Fraunhofer, 2017] .................... 73

: The International Training and Qualification system for Personnel
[QUINEINO L. €1 @1 ceeiiieeeeeeiee e 80

: Summary of relevant test standards for determination of bulk properties of

adhesive Material ...... oo 54
: Commonly applied test methods and related standards............................. 60
: Example of the classification of adhesive bonding process in spacecraft and

launcher applications based on its criticality ...............coovviiiiiiiiiiine, 75

Examples of adhesive bonding applications and their sensitivity to on-

ground humidity exposure (based on their failure occurrence) .................. 76

Example table with assessment for implementation of hot-wet exposure into

the verification sequence (step: simulation of on-ground exposure) .......... 77

Examples of standard conditions for hot-wet exposures...............ccovvvuenn... 78

Examples of standard durability tests (mechanical and humidity stress

COMDINEA) ... e e e e e e e e e e e eaaaans 79
: The list of entities eligible to provide training for adhesive bonding*.......... 82



		2024-04-28T14:41:54+0000
	DIN Deutsches Institut fuer Normung e. V.
	Dokument ist zertifiziert




