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Abstract

Since the reliability of adhesively bonded joints for composite structures is dependent on many parameters
such as the shape and dimensions of joints, type of applied load, and environment, so an accurate estimation
of the fatigue life of adhesively bonded joints is seldom possible, which necessitates an in-situ reliability
monitoring of the joints during the operation of structures. In this study, a self-sensor method for adhesively
bonded joints was devised, in which the adhesive used works as a piezoelectric material to send changing
signals depending on the integrity of the joint. From the investigation, it was found that the electric charge
increased gradually as cracks initiated and propagated in the adhesive layer, and had its maximum value when
the adhesively bonded joint failed. So it is feasible to monitor the integrity of the joint during its lifetime.
Finally, a relationship between the piezoelectric property of the adhesive and crack propagation was obtained

from the experimental results.
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Table 1 Material properties of the epoxy adhesive and
the steel adherend used

Adhesive Adherend
(IPCO 9923) (Steel)
Young’s modulus, E
(GPa) 2.50 210
Poisson’s ratio, v 041 0.30
Tensile strength, S,
(MPa) 45.0 350
Shear strength, S, (MPa) 29.5 200
CTE. a(17°C) 72x10° 11.7x10°°
Cure temperature (°C) 60 -
Cure time (hour) 3 -
40
30
£
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Fig.1 Shear stress-strain curve of the cured epoxy
adhesive (IPCO 9923) at room temperature

Table 2 Dimensions of the adhesively bonded tubular
single lap joint with the bond thickness 0.2 mm

r (mm); inner radius of the outer adherend 85
r3 (nm); outer radius of the outer adherend 10.5
r;; (mm); inner radius of the inner adherend 0.0
71, (mm); outer radius of the inner adherend 83
L (mm); bond length 15.0

77 (mm); bond thickness 0.2
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Fig. 2 Configuration of the adhesively bonded joint
specimen .
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Table 3 Torsion tester specifications
Model INSTRON 8032
Maximum torque amplitude (N-m) +2000
Range of angle (°) - 140~ 140
Maximum rotational speed (°/s) 50
Actuator type Hydraulic
Maximum specimen length (mm) 1000
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Fatigue life (number of cycles
Fig. 3 Fatigue shear strength of adhesively bonded
tubular joints wur.t. the fatigue life (Average

surface roughness: 1.18 um, Adhesive
thickness: 0.2 mm)
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Shear stress in adhesive layer

Axial distance (mm)

Fig. 4 Shear stress distributions in the adhesive layer of
adhesively bonded tubular joints w.r.t. the axial
distance and applied average shear stress
(Adhesive thickness : 0.2 mm)
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Fig. 5 Torsional fatigue life of adhesively bonded tubular
joints w.r.t. the adhesive thickness (three tests for
each adhesive thickness and the applied average
shear stress: 8 MPa)
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Fig. 6 Shear stress distributions in adhesively bonded

tubular joints w.r.t. the axial distance and bond
(adhesive) thickness (applied average shear
stress: 8 MPa)
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Fig. 7 Thermal residual stress distributions in adhesively
bonded tubular joints w.rt. axial distance and
bond (adhesive) thickness
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Fig. 9 Schematic diagram of the interaction mechanisms
between the electrical system and the mechanical
system
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Fig. 10 Schematic diagram for fatigue monitoring of
adhesively bonded joints
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(b) Amplitude of electric flux density

Fig. 11  Typical electric flux density during fatigue
monitoring of an adhesively bonded joint
using piezoelectricity (Applied average shear
stress amplitude 8 MPa at a frequency of 1 Hz

and stress ratio of —1)
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(b) Applied average shear stress is 10 MPa
Fig. 12 Amplitude of electric flux density of adhesively
bonded joints during fatigue tests using
piezoelectricity
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cycles (Applied average shear stress amplitude
8 MPa at a frequency of 1 Hz and stress ratio
of —1) when the adhesive thickness is varied
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Fig. 14 Amplitude of electric flux density at 1000
cycles (Applied average shear stress amplitude
8 MPa at a frequency of 1 Hz and stress ratio
of 1)
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Table 4 Piezoelectric stress constant of various materials

{(Unit: pC/N)
PZT (Pb(Zr-Ti)O3) 120
PVDF, poly (vinylidene fluoride) 30
PVC, poly (vinyl chloride) 1
Nylon 11 0.3
Rubber ~0.1
Epoxy (Rubber toughened, IPCO 9923) 0.019

Table 5 Piezoelectric strain constant of various materials
(Unit: x 10 C/m?)

PZT (Pb(Zr-T1)03) 18
PVDF, poly (vinylidene fluoride) 16
PVC, poly (vinyl chloride) 3
Nylon 11 0.5
0.0001
Rubber ~0.001

Epoxy (Rubber toughened, IPCO 9923) 0.00835
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(b) Increase of crack length due to the crack propagation

Fig. 15 Simplified models of the adhesive layer with an
inside crack used for explaining the relationship
between the crack length and the measured
electric charge
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Fig. 16 Estimated results from the electric flux density
of an adhesively bonded joint using the
modified piezoelectric stress constant (p) during
the fatigue test
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