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Abstract:

The structural integrity of carbon fiber-reinforced composites is crucial for advanced industries such as aerospace
and automotive. This study aims to evaluate the effectiveness of ultrasonic testing in detecting internal defects in
carbon composites and addressing the limitations of conventional non-destructive testing (NDT) methods. For this
purpose, a 30 mm thick composite specimen, consisting of a 2D woven fabric (200 g/m?) and epoxy resin 828,
was fabricated with controlled defects, including porosities of 0.7 mm in diameter and delaminations at various
depths. The Sonic 1000 ultrasonic testing device, equipped with piezoelectric probes, was employed to assess its
detection capabilities. Experimental results demonstrated that this technique can accurately detect delaminations
up to a depth of 25 mm and porosities as small as 0.7 mm, highlighting its high sensitivity. Compared to alternative
NDT methods, ultrasonic testing exhibits superior defect detection capabilities without relying on the electrical
conductivity of the material, making it particularly suitable for carbon composites. The results indicate that
improving calibration accuracy enhances defect detection precision by up to 25%, contributing to the development
of preventive maintenance strategies and increased structural reliability in safety-critical applications.

Keywords: Carbon composite, Ultrasonic calibration, Defect detection, Carbon test block, High-precision
calibration, Structural health monitoring.
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! Non-destructive Test
2 Calibration
3 CFRP; Carbon Fiber Reinforced Polymer
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3 HUMS; Health and Usage Monitoring Systems
4 PHUMS; Prognostic Health and Usage Monitoring Systems
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8 Density (p)

° Electrical conductivity (o)

10 Thermal effusivity (e)

1 Speed of sound (c)

12 Acoustic impedance (2)
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% Pulse duration
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1 FEM; Finite Element Method
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! Transducer

2 Anisotropic and laminated structure
8 Scattering

* Refraction

5 Multiple reflections

6 Wave interference
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