it A 83 20013 EAEsUE=2F A pp. 370~376
SAAZL T
23 SA
A

KSME 01S053

Thermal Characteristic of the Tubular Single Lap Adhesively Bonded Joint
bonded with filler containing epoxy adhesive

Jin Kook Kim and Dai Gil Lee

Key Words :

Tubular Single Lap Adhesive Joint (4% @Y 7]

A 2k 291 E), Filler (A A),

Alumina (274, Environmental Temperature (59 <2 %), Thermal Degradation (2

3}), Crack Length (F € 2 o))

Abstract

When an adhesive joint is exposed to high environmental temperature, the tensile load capability of the
adhesive joint decreases because the elastic modulus and failure strength of structural adhesive decrease. The
thermo-mechanical properties of structural adhesive can be improved by addition of fillers to the adhesive. In
this paper, the elastic modulus and failure strength of adhesives as well as the tensile load capability of tubular
single lap adhesive joints were experimentally and theoretically investigated with respect to the volume
fraction of filler (alumina) and the environmental temperature. Also the tensile modulus of the filler
containing epoxy adhesive was predicted using a new equation which considers filler shape, filler content and
environmental temperature. The tensile load capability of the adhesive joint was predicted by using the
effective strain obtained from the finite element analysis and a new failure model, from which the relation
between the bonding length and the crack length was developed with respect to the volume fraction of filler.
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Table1  Mechanical properties of the epoxy
adhesive (DP 460)
CTE [10°m/mC] 59
Poisson ratio 0.4
Density [g/ci] 1.1
Elastic modulus [GPa] 27
Tensile strength [MPa] 37
Table2  Mechanical properties of the Al,O; filler
Alumina (Al,03)
CTE [10°m/mC] 8.0
Poisson ratio 0.25
Density[g/crr] 38
Elastic modulus [GPa) 380
Tensile strength [MPa] 500
Shape Sphere
Diameter [ ] 5

Fig. 1 Shape of Alumina filler ( x 2500)
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Fig.2  Schematic diagram of the tensile test for
the epoxy adhesive with respect to the
environmental temperature

-371-



BRIt ol Z A9 AAHAL ASTM D5379,
El11 o] €3k Chord modulus ©]3, A| @A F 9 &
Gy E A9 AR 71E&71E Falo
Foldt (Fig. 4). =3 AFAHTE AAAIHAH]
JaE= AP 8907 FaQPY. =AA B
&9 Frld we AASAHLE Frega,
ANPZE9 Frlol waet Zad g
dtdo g HAL 7MAe nEAREG &
e} e uBAd FAAY Asle AFAA
Z7MAZIA G, QAR EE ZAAIE Aoz
A Aok® A Fig 3 022 & 4 JE

2 e rlo Ju

>

fa—
® without fller
6 o o alumna 10%
® alumina 20%
5t . o alurina 3%
o
Fa .
(]
w3r . o
L -
]
5l o
° .
1r »
0 . . L]
0 20 40 60 80 100

Temperature ()

(a) Tensile stiffness

70
] wwithout filler
60 . O alumina 10%
® ajumina 0%
= S0 o ° © alumina 30%
Q.
40 .
930 °
‘q:) - .
= a
0 20
L] -]
10 : :
o X . .
a 2 40 60 80 100
Temperature (T)
(b) Tensile strength
Fig.3  Tensile properties of alumina containing
DP 460 adhesive
40

~——S¥ess-stain curve
—Slope for chord modulus

0.6% of strain

0.1% of strain

0 1 2 3 4
Strain (%)
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Table3 Increase ratios of the tensile modulus
and failure strength of the alumina filled
epoxy adhesive at 20°C and 80C with
respect to the volume fraction of alumina

Tensile Test Volume fraction of alumina
properties temperature 10% 20% 30%
Tensile at20C 12 1.8 2.1
modulus at80°C 1.3 6.0 9.5
Failure at20C 1.3 1.5 1.7
strength at80TC 1.1 1.5 2.4
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transition temperature
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Table 4  Ratio of the crack length to the bonding

length with respect to the filler amount

Ratio of the crack length to the

Filler amount in adhesive bonding length

0% 1.00
10 % 1.32
20% 1.42
30% 1.48
Ae Ay 848 AFEsIT eI, ol ZA] A
A= otgy A Fate vAdy EXS AR
I A=
o =${1-e E9r} %)
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Fig. 13 Failure indices of the adhesive joint joined

with the neat epoxy adhesive along the
bonding length with respect to the average
tensile stress at the environmental
temperature of 20 C
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