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Design and Dynamic Testing of a Lightweight Composite Probe for In-line
Inspection of Oil and Gas Pipelines
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Abstract: The performance of inspection probes directly governs the overall mass and detection efficacy of in-
line inspection (ILI) tools. Conventional magnetic flux leakage (MFL) detectors adopt multi-section configurations
with bulky structures, rendering them unsuitable for low-pressure, low-flow pipeline applications. This study
presents a lightweight composite probe integrating eddy current testing (ECT) and MFL technologies. Through
optimized structural and positional design of dual eddy current sensors, the inherent insensitivity of single-sensor
configurations to defects of specific orientations is mitigated, enabling omnidirectional discrimination and
identification of inner and outer wall defects. The incorporation of a tri-axial integrated Hall sensor eliminates the
need for conventional arrangements employing three discrete single-axis sensors oriented in different directions.
The proposed composite probe features compact architecture and high measurement precision, facilitating single-

section, lightweight ILI tool design.
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