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Fig.1 Basic principle of multiple echoes of ultrasonic wave.
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Acoustic impedance of mediums in aluminum/ex-
]

medium ¢ /x10°m-s”" p/gem™  Z/g-cmesT
aluminum 6.35 2.71 1.720

shellac 2.85 1.85 0.527
explosives(RDX) 2.49 1.10 0.274

air 0.33 1x107° 3.3x107°

Note: ¢ is acoustic velocity. p is density. Z is acoustic impedance.
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Ultrasonic Detection and Imaging of Metal-explosive Interface Debonding Defects Using Multiple Pulse-echoes

LI Hai-ning, XIAO Pan, YANG Zhan-feng, XU Yao, ZHANG Wei-bin
(Institute of Chemical Materials, China Academy of Engineering Physics, Mianyang 621999, China)

Abstract: The structural integrity evaluation of the metal-explosive bonding interface is of great importance and engineering val-
ue. To realize high sensitivity detection of interfacial debonding defects in the metal-explosive structure, the ultrasonic detection
and imaging methods based on multiple pulse-echoes was proposed. The acoustic impedance and reflection characteristics at
bonding interface of aluminum, shellac, and RDX were calculated and analyzed. For specimens with different adhesive layer
thickness and artificial prefabricated debonding defects, debonding information were extracted from the captured multiple
echoes. The influence of adhesive layer with different thickness on the amplitude of multiple echoes was discussed and analyzed.
Results show that dramatical amplitude difference exists in the reflected waves between the aluminum-adhesive and the
aluminum-water interface. Both the first echo and multiple echoes could effectively distinguish the area with and without adhe-
sive layer. The acoustic attenuation caused by the aluminum-adhesive interface keeps accumulating in high order echoes. As the
thickness of the adhesive layer increases, the cumulative effect of the acoustic attenuation difference in the multiple ultrasonic
echoes between aluminum-adhesive and aluminum-water interfaces gradually weakens. Experimental results show that the mini-
mum debonding defects with @1.5 mm circular and T mm wide rectangular shape could be detected using multiple ultrasonic
echoes method.
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