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Evaluation of Cryogenic Performance of Adhesives Using Composite-Aluminum
Double Lap Joints

Sang-Guk Kang', Myung-Gon Kim', Chun-Gon Kim'*, Cheol-Won Kong

ABSTRACT

In the development of a cryogenic propellant tank, the proper selection of adhesives to bond composite and
metal liner is important for the safety of operation. In this study, 3 types of adhesives were tested for the
ability to bond CFRP composites developed for cryogenic use and aluminum alloy (Al 6061-T6) for lining the
tank using double-lap joint specimens. The double-lap joint specimens were tested inside an environmental
chamber at room temperature and cryogenic temperature (-150°C) respectively to compare the bond strength of
each adhesive and fracture characteristics. The material properties with temperature of component materials of
double-lap joints were measured. In addition, ABAQUS was used for the purpose of analyzing the experimental
results.
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Fig. 1

Geometry of double-lap joint specimen.
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Fig. 2 Tensile test of double-lap joint specimen in environmental chamber.

Fig. 3 Bulk adhesive specimens and aluminum specimen.
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Fig. 4 Typical load-displacement curve of double-lap joint at RT and CT.
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Table 1 Joint strengths of double-lap joint specimens at RT
- and CT
(unit : MPa)
YA EMT3
60 B8 Bondex606 FM73 Bondex606 EA9696
I EA969%6
20 25°C 330 264 | 324+219 | 251+ 147
a.
§ 40t -150°C 477 + 136 | 495 £ 055 | 477 + 1.06
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8 aof
17
€ » Table 2 Material properties of Graphite/Epoxy at RT and CT
S ol
3
ol E(GPa) | S.(MPa) ExGPa) | Si(MPa)
0 RT 1436 2930 8.87 53.7
<25°C > -150°C 161.3 2869 119 66.5
70 Gi(GPa) | SiAMPa) | ai(ueC) | ax(pe/°C)
EZ P73
60} RT 450 65.1 119 26
ol 4% 530% 89.6% 150°C 7.49 1319 146 1756
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Fig. 6 Typical fracture modes of double-lap joint specimen.
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Fig. 7 Fracture surface of FM73-inserted double-lap joint specimen at
RT and CT.
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Fig. 8 Typical stress-strain curve of bulk adhesives at different temperature

(EA9696).

Table 3 Stiffness and strength of 3 adhesives and aluminum at various

temperatures
(a) Stiffness (unit: GPa)
RT -50°C -100°C -150°C
Bondex606 2.8 3.6 5.0 6.3
EA9696 1.9 2.4 3.9 5.5
FM73 25 32 4.5 5.5
Aluminum 68.5 70.6 74.1 720
(b) Strength (unit: MPa)
RT -50°C -100 °C -150°C
Bondex606 394 47.8 43.1 49.3
EA9696 339 50.0 53.8 46.4
FM73 45.7 733 54.0 574
Aluminum 294.6 3135 3213 350.5

Table 3ot H2AS FRolne] Lxo WE Y, B
£ ulmst Asolch WA FolAE B4He] S Bondex60s
o, ZES] H9L FMIe] BE 2uolq 7Y B Fe ¥
%} Table 34 YFoIEY FEL FHE(vield srength)
& oujait Fig 9ol 2 AR ARALE 23T 23
7 ettt glom EA9696] mE 2wMSleld A e &
& e AT 4 AUk

3.4 20 A7 XolE FEA ZEo W3 Ha e

Fig. 102 423 -150°CollA oFd HA7] RAE =g
U3 H2A] AlEe] ZEE wag Zatelot. A2oAe g
AA7] 2A2 FE7F EA FPAA AEY o) niAA| %
e ZdikE =gk olo] W) -150°CefAe FM73& A 28}
= gE dA7] 2UE ZE7F g3 J2AA AHY =t

R



28 73 AYE - AEE - THY BEE MRS EE
100
e EADBIB
0F | _a_Fm73 ;
8ol |—o—BondexéO6 [ | A ::3

~—&— Aluminum 6061-T6

60
50
40}
30}
20}

10

Coefficient of Thermal Expansion (ue/°C)

L L 1
-150 -100 -50 0 50

Temperature (°C)

Fig. 9 Coefficients of thermal expansion of 3 adhesives and aluminum
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Fig. 10 Comparison of double-lap joint strength and bulk adhesive strength
at RT and CT.
B3 ATE BUL A 5 Aok webd BEAA w3 A
"ol 47t stk A WEA HABEE 94sirhn
BARE 45 glom WS Hgsy] olHo wEsl Lmg)
HHAE B 5 UM EEAoIMS WAHE S
913 AWATIE S ofof ek

dy=0
(symmetric condition)

dy=0
(spacer)

Fig. 11 Half model of double-lap joint and boundary condition for FEA.
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