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Fig. 3 Schematic diagram of frequency spectrum of received signal
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Fig. 4 Image of specimens by ultrasonic C-scan
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Tab.1 Composite laminates natural frequencies under different excitation methods
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Fig. 7 Experimental setup for the nonlinear vibro-acoustic modulation test
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Fig. 8 Modulation indicators of each specimen at arbitrary frequency
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Tab. 3 Coefficient of determination for different specimens
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Experimental investigation on nonlinear vibro-acoustic modulation

detection technique for impact damage of composite materials

XIAO Jia-chen', CHEN Guo', LU Chao'*, HE Shuang-qi’, CHEN Ying’
(1. Key Laboratory of Nondestructive Testing, Ministry of Education, Nanchang Hangkong University, Nanchang 330063, China;
2. Aerospace Research Institute of Materials & Processing Technology. Beijing 100076, China; 3. Shangrao Normal University,
Shangrao 334001, China)

Abstract: Composite material is widely used in aerospace due to its excellent properties, but its
strength and structural integrity will decrease seriously after subjected to low speed impact. As a new
nondestructive testing technique with wide detection range and high detection precision, nonlinear
vibration acoustic modulation technique can effectively detect the contact defects in structure. In this
paper, samples with impact damage were prepared firstly. By selecting appropriate high frequency
ultrasonic excitation frequency, composite samples with impacted damage were tested under different
low frequency vibration amplitudes and modal frequencies respectively. Experimental results show
that nonlinear vibration acoustic modulation technique can effectively distinguish the impact specimen
from the reference specimen. The modulation coeffiient is approximately linear with the low frequency
excitation amplitude. The proper frequency and amplitude should be selected in testing. When the
vibration at the defect is not severe and the amplitude of the low frequency excitation is small, the
smaller impact energy damage specimen is not easily distinguishable from the reference specimen.
When the vibration of the defect is severe, the reference specimen and damage specimen can be easily
distinguished by input lower frequency amplitude.

Keywords: nonlinear ultrasonic; vibro-acoustic modulation; composites; impact damage



