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Finite Element Simulation of Elastic Waves for Detecting Anti-symmetric
Damages in Adhesively-Bonded Single Lap Joint
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*Department of Ocean Engineering, Pukyong National University, Busan, Korea
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ABSTRACT: This study presents a finite element simulation of elastic waves for detecting anti-symmetric damages in an adhesively-bonded single
lap joint. Plane strain elements were used for modeling adherents (aluminum) and adhesives (epoxy). Three types of damage were introduced:
thickness reduction, elasticity deterioration, and wvoids in the adhesive layers, and two excitation and reception arrangements (ER1 and ER2) were
used to investigate the detectability of the damage. The simulation showed that symmetrically located damage, such as a thickness reduction, can be
detected by one excitation and one reception arrangement (ER1) and anti-symmetric damages, such as elasticity deterioration and voids, can be
detected by modified two-point elastic wave excitation (ER2). Compared with the ER1 arrangement, the ER2 arrangement does not require a
baseline signal for damage detection; hence, an efficient method of anti-symmetric damage detection in an adhesively-bonded single lap joint is

proposed.
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Fig. 1 Geometry of adhesively-bonded single lap joint
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Table 1 Material properties of the aluminum and epoxy
Aluminum Epoxy
Density (kg/m’) 2700 1170
Young’s modulus (GPa) 70.785 3.99
Poisson ratio 0.337 0.390
Longitudinal velocity (m/sec) 6320 2611
Shear velocity (m/sec) 3130 1109
E-1
]
R-1
>
(a) ER1
E-1 R-1
> <
(b) ER2
<] >
R-2 E-2

Fig. 2 Excitation-reception arrangements: (a) ER1 and (b) ER2

Excitation Signal from E-1 Excitation Signal from E-2
Fig. 3 Excitation signals from transmitter 1 (E-1) and transmitter
2 (E-2)
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Table 2 Damage types in the adhesive

Tvoe A Variation in the thickness
yp 0.8 mm, 0.6 mm, 0.4 mm

Tvpe B Variation in Young’s modulus
M E=1.999 GPa

Tvpe C Variation in Young’s modulus and density
P E =1.0E-6GPa, Density =1 kg/m’
2001 202512026 2050
2051 207512076 2100
2101 2125i2126 2150

Fig. 4 Elements numbering of the adhesive area
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Fig. 5 B-type multiple damage cases of BR100, BR110, BR111,
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Fig. 6 B-type single damage cases of BR100, BR010, BRO0O1,
BL100, BLO010, and BLO0O01
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Fig. 7 C-type multiple damage cases of CR100, CR110, CR111,
CL100, CL110, and CL111
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Fig. 8 C-type single damage cases of CR100, CR010, CR001,
CL100, CLO010, and CLOO1
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Fig. 9 Received displacement signals in the A-type damage cases
of 0.8, 0.6, and 0.4 mm using ER1
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Fig. 10 Received displacement signals in the B-type multiple

damage cases of BR100, BR110, and BR111 using ER1
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Fig. 11 Received displacement signals in the B-type multiple
damage cases of BL100, BL110, and BL111 using ER1
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Fig. 12 Received displacement signals in the B-type single
damage cases of BR100, BR0O10, and BRO01 using ER1
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Fig. 13 Received displacement signals in the B-type single
damage cases of BL100, BLO10, and BLO001 using ER1
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Fig. 14 Received displacement signals in the C-type mulitple
damage cases of CR100, CR110, and CR111 using ER1



128 A% -

9.0E-03
--Baseline ---CL100 —-CL110 —CL111

[0}
ke
2
§-3.0E-03 -
5

"~ —
-3.0E-03
5.0E-05 2.0E-04

Time (sec)

Fig. 15 Received displacement signals in the C-type mulitple
damage cases of CL100, CL110, and CL111 using ER1
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Fig. 16 Received displacement signals in the C-type single
damage cases of CR100, CR010, and CR001 using ER1
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Fig. 17 Received displacement signals in the C-type single
damage cases of CL100, CLO010, and CLO01 using ER1
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Fig. 18 Received displacement signals in the A-type single
damage cases of 0.8, 0.6. and 0.4mm using ER2
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Fig. 19 Received displacement signals in the B-type multiple
damage cases of BR100, BR110, and BR111 using ER2
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Fig. 20 Received displacement signals in the B-type multiple
damage cases of BL100, BL110, and BL111 using ER2
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Fig. 21 Received displacement signals in the B-type single
damage cases of BR100, BR010, and BR001 using ER2
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Fig. 22 Received displacement signals in the B-type single
damage cases of BL100, BL010, and BL001 using ER2
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Fig. 23 Received displacement signals in the C-type multiple
damage cases of CR100, CR110 and CR111 using ER2
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Fig. 24 Received displacement signals in the C-type multiple
damage cases of CL100, CL110, and CL111 using ER2
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Fig. 25 Received displacement signals in the C-type single
damage cases of CR100, CR010 and CR001 using ER2
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damage cases of CL100, CLO010, and CLO01 using ER2
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