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Quantitative Nondestructive Evaluation of Bonded Joints utilizing
Pulse-Echo Ultrasonic Test
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ABSTRACT

The pulse-echo method is one of the most widely used ultrasonic techniques for application of

nondestructive evaluation. Particularly, quantitative nondestructive evaluation of defects has been considered
more important to assure the reliability and the safety of structure. Frequency energy in adhesive joints is based
on the ultrasonic wave analysis. The attenuation coefficient upon wave amplitude and the frequency energy that

is expressed in the term of wave pressure amplitude were utilized for the primary wave experiment. By means
of a control experiment, it was confirmed that the variation of the frequency energy in adhesive joints depends
on transition by stress variation. In this paper, the ultrasonic characteristics were measured for single lap joint
and Double Cantilever Beam specimen with different fracture modes that was subjected to stress. Consequently,
the data that was obtained from the adhesive specimen was analytically compared to the fracture mechanics

parameter
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Fig. 1 Incident, reflected and transmitted waves
by one-dimensional motion of an elastic
continuum
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Fig. 3 A-scan of single lap adhesive joints
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Fig. 4 Schematic shape of single lap joints test
specimen
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Fig. 5 Schematic shape of adhesive bonded DCB test
specimen
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Fig. 6 A-scan of DCB adhesive joints
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Table 1 Ultrasonic characteristics of materials

density ve]o‘cny‘ of impedance
. longitudinal
medium o0 V4
(10° kg/m’) WAVE 110 ke/m’s)
C (m/s)

Air 0.013 344 0.0004
Al 6061 2.72 6,154 16.74
Cemedine 1.07 4,620 494
Glyceline 1.26 1,920 2.42

Table 2 Mechanical properties and test requirement
of specimen (SLJ)

adherend adherend  |bonding| bonding
and thickness area |thickness|E(GPa)|
adhesive | tixt; (mm) |A(mm’)]t, (mm)
8mmx8mm
25%25
Al 6061 | 12mmx12mm 2 - 67.29 | 0.34
mm
16mmx16mm
Cemedine - - 03 mm| 1.16 | 0.39

Table 3 Specimen and test requirement (DCB, Al

5052)
adherend | adherend rack bonding
re-C
thickness width Iz ¢ ) thickness
a, mm
tixt (mm) | (B, mm) (ta, mm)
16x16 0.20 15 0.3
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Fig. 7 Comparison of stress intensity factor and

attenuation coefficient
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Fig. 8 Comparison of stress intensity factor and

frequence energy density
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Fig. 10 Wave analysis on stress intensity factor
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