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Abstract TE 1 32 4 1 4

A differential eddy current probe is a sensor which is used to detect the flaw in
the nondestructive testing of conductive materials. The probe consists of two coils
exited by sinusoidal current with opposite directicn. The electromagnetic field of the
probe induces eddy current in the conductive material. As the probe is moving acress
the flaw, the eddy current path is disturbed, causing the impedance of each coil to
change. This impedance is transformed into a Lissajous pattern where the geometry of
the defect can be determined from the size and orientation of the pattern.

The thesis studies the magnetic field and the changes in the impedance of the
differential eddy current probe caused by flaws in conductive tubes. The finite element
method in the cylindrical coordinate system is described in conjunction with the
development of a MATLAB-based finite element simulation program. Three methods
for the integral evaluation, namely exact evaluation, centroidal approximation and the
hybrid evaluation (the combination of the two methods) are compared in the study.
The simulation program is formulated with both triangular meshes and rectangular
meshes. The effectiveness of the program is evaluated by comparing its results with
the results obtained from the coil-in-air inductance formula. The simulation results
for the differential eddy current probe are also compared with the experimental results
from an existing probe inside a standard-defect test tube using the normalization
method. The study clearly shows that simulation results and experimental results are
in good agreement.





