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Adhesive joints have been widely used for fastening thin adherends because they can distribute the load

over a larger area than mechanical joints, require no hole, add very little weight to the structure and have

superior fatigue resistance. However, the fatigue characteristics of adhesive joints are much affected by

applied pressure during curing operation because actual curing temperature is changed by applied pressure

and the adhesion characteristics of adhesives are very sensitive to manufacturing conditions. In this study,

cure monitoring and torsional fatigue tests of adhesive joints with an epoxy adhesive were performed in order

to investigate the effects of the applied pressure during curing operation. From the experiments, it was found

that the actual curing temperature increased as the applied pressure increased, which increased residual

thermal stress in the adhesive layer. Therefore, the fatigue life decreased as the applied pressure increased

because the mean stress during fatigue tests increased due to the residual thermal stress.
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Table 1 Mechanical properties of the epoxy adhesive and

the steel adherend used

Adhesive Adherend
(AW106/HV953) | (Steel)
Young’s modulus (GPa) 1.42 210
Poisson’s ratio 0.45 0.30
Tensile strength (MPa) 26.7 350.0
C.T.E(1/C) 66.0x107 11.7x10°
30
25 7~

= N
o o

Stress (MPa)
@ S

o

0 5 10 15 20 25 30
Strain (%)

Fig. 1 Stress-strain curve of the epoxy adhesive used.
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Fig. 2 Configuration of the adhesively bonded tubular
single lap joint (Units in mm)
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Fig. 3 Configuration of cure monitoring experimental

setup
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Fig. 4 Finite element model for the calculation of
residual thermal stress in the adhesive layer
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Fig. 5 Cure monitoring results of adhesively bonded
joints w.r.t. curing pressure

o, O|2FE HE ZIEo| Fat A2 =z
SYoll ggs Fohs A & 5 YA

33 HE xZQIE°| TR 489 o4 2

31 A3 32 Ao AF AFRHE A3t ¢gEol
A 2QAES] AA A3 2 % 2 719
Msks ok AS el At ghel 9
ste WMt Ha 2B HA Ak 2Eet
W2 e ARAQ BAS flst] 43 &=

199

=il i)
> i)
rlr

fC

o ™ %0
me
olo
1% s
flo
Y
[N

o,
ok
Lo
)
olN
N
)
=2

12 2o
of wheha HA A
QA Th. Fig. 8f of] vpebt A3} 7o)
S7Hghel wEbA &Sl AEe
47 MPa ° A 5.6 MPa 7}A 20% A=
& F Atk HE" 2 st oste] A
] AY+E 3 ZZ 8MPa S Von Mises stress =
Shaketd 17.5 MPa o] HW, 3b7 d-3= o] A7)
S8 2H] 26.8%0M4 32.0% FE7F €k
25 dEe i 489 HF XRAE 9
As Al Hit §8 (Mean stress) S S 7HA 7]
e FH, Fd Yo o= AYe= AT,
o SHo] Tkl HW 3 & FHo] Has)

i
2

2
oo o i
i)

> rlo
M

fll
o & oo

i
24
olo R0 o[N of\

nm
=

om

N

et
mﬂﬁmiiﬂ

ol mlo rlo bt O moh

J

oft ol b X rr Fﬁ

2}
o
K
3 75
E [ ]
4 °
£ [ ]
2 70} °
=
e
£
£
® ®
s 65
o
s
2
o
< 60
0.0 0.4 0.2 0.3 0.4
Curing pressure (MPa)
Fig. 6 Actual cure finish temperature w.r.t. curing
pressures
1.E+06
©6MPa
0 8MPa
= 1.E+05 *-~\\‘\-@--\__-_@-_______s_--—————s
%1
]
s
>
g
g 1E+04 3 6
]
3
2
% 1.E+03
'
1.E+02
0 0.1 0.2 03 0.4

Curing pressure (MPa)

Fig. 7 Torsional fatigue test results of adhesively
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