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Abstract: [Purposes] Ultrasonic testing technology is a research hotspot in the field of contem-
porary non—destructive testing, which is developing towards quantitative non—destructive evaluation.
It is also an important means of regular inspection of GIS equipment in power industry. However,
high acoustic attenuation caused by material properties such as basin insulators in GIS equipment and

limited effective detection depth is the key bottleneck restricting the popularization of ultrasonic test-
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ing. [Methods] In this work, resin epoxy composites with different contents of Al,O, particle phases
were designed and prepared. By observing the microstructure of composite materials, important fac-
tors affecting the energy attenuation of ultrasonic testing, such as the evolution of acoustic parameters
and the distribution of microstructure, were decoupled; And the acoustic parameters and regular
curves of ultrasonic test were characterized. At the same time, numerical simulations were established
to explore the influence of EP resin matrix, Al,O; particle reinforcement phase, and connection inter-
face on the ultrasonic attenuation characteristics. [Results] The results show that the physical differ-
ences between particles and continuous phase, and the volume fraction of particles in continuous phase
are the keys to influence the ultrasonic attenuation mechanism, e.g., the modulus and acoustic imped-
ance of Al,O, particles are higher than those of resin matrix by 97.91 GPa and 3.634 X 10" g-s-cm 7,
respectively, and the acoustic impedance of the specimen with three different filler concentrations also
increases from 0.29 X< 10° to 0.67 X 10° g+s*cm °. According to the simulation, only when the size of
regional cluster particles is 100 pm or more, the scattering of ultrasound appears in the model, which
represents an increase in the dissipation of ultrasound energy. In addition, the probe frequency gradual-
ly reduces from 5 to 1 MHz in the test, and the material ultrasonic attenuation coefficient reduces from
2.15 to 0.52 dB/mm. This paper utilizes a combination of finite element simulation and experimental
testing to discuss the attenuation properties of ALO,/EP composite materials, which supplements the
study of ultrasonic loss mechanism within the material.

Keywords : Al,0,/epoxy resin composites; ultrasonic testing; attenuation coefficient; numerical
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Table 1 Relationship between attenuation coefficient and ultrasonic
frequency in AL,O,/EP composites

WE/MH: W E,  WR E, (fffmﬁf/ )
1.00 80.0% 6.5% 0.52
1.25 80.0% 8.0% 0.95
2.50 81.0% 6.0% 1.08
5.00 80.5% 0.5% 2.15
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Table 2 Material parameters of epoxy resin and Al,O,
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Fig.8 Ultrasonic propagation performance of composites with Al,O, particles of different sizes
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