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Research on internal defect detection and spectrum characteristics of
epoxy resin composites based on ultrasonic reflection method

LU Lixiang, YANG Zhuoran, LIU Jian, ZHU Xuanpei
(State Grid Nanjing Power Supply Company, Nanjing 210000, China)

Abstract: Fiber reinforced epoxy resin composites are widely used in electrical power equipment. However, due to their
complex preparation process and multi-layered structure, internal defects are prone to be introduced during manufacture,
which may lead to partial discharge and even breakdown under long-term high voltage operating condition. Early detection
of these defects can significantly reduce the occurrence of failures. In this paper, an ultrasonic testing system for composite
was established on the basis of ultrasonic reflection method, and various plate samples of glass fiber reinforced epoxy resin
composites containing artificial crack, delamination, and metal impurity defect were prepared on the basis of vacuum
assisted resin infusion molding method. Ultrasonic testing and spectral analysis were then conducted on these defect-
containing plate samples. The results indicate that there are significant differences in the ultrasonic reflection waveforms for
different defects of samples. By transforming the ultrasonic echoes into frequency spectra, the normalized spectral
characteristic curves are obtained, and different types of defects can be identified by calculating the characteristic values
from these curves. The characteristic value of the sample with crack defect is the smallest, and the characteristic value of the
sample with delamination defect is the largest.

Key words: epoxy resin composites; ultrasonic reflection method; waveform characteristic analysis; spectrum

transformation; defect recognition
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Table 1  Acoustic parameters of different materials

- R M K Pl K7
/(kg/m®)  /(m/s)  /mm  /(x10°kg/(m*:s))
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Fig.1 Schematic diagram of ultrasonic detection principle
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Fig.2 Schematic diagram of the detection system based on

ultrasonic reflection method
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Fig.3 Double crystal probe principle diagram
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Fig.4 Cross section diagram of sample 1
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Fig.6  Cross section diagram of sample 3
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Table 2 Sample number and summary of its basic information

R BB CIPN Rk R
gy RA LYo /mm J& /mm
1 Har AL H1£0.8.1.0 5
2 HE - T ERERENRCHEER 20%20 5
3 &R i Tk 1x1x1 5

3 KMERSTH

3.1 BEKEBERS

BRE H G Sk B B 1R 3 TR a0 1R 7 B R
£ i B U T 0 T ARG W P Dy ot L, 00 5% e o [ 5
55T [0 A B J RN K &R
3.1.1  SRGUR AR

153 FE 0.8 mm FLAZ B 1K 9% 72 40 B 8(a) B

v
T =~ T
——

oE -2
= -
4t — KRR
. 22 [al ik
-6
-8t
1 " 1 L 1 4 1
0 5 10 15 20 25
iR /us

BE7 e R PEAL AR S AR L [E

Fig.7 Ultrasonic testing waveform of sample without defects
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Fig.8 Ultrasonic testing waveform of sample 1
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Fig.9 Ultrasonic testing waveform of sample 2
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Fig.10 Ultrasonic testing waveform of sample 3
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Fig.11 Normalized spectrogram of sample 1
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