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Abstract

Two important physical phenomena are observed in the practice of magnetic particle 
inspection (MPI). The first one is that leakage flux is present in the defect area of the work-piece 
under inspection. The second one is that magnetic particles aggregate in the vicinity of the defect. 
These phenomena manifest the theory of flux refraction, which occurs in the intersection area of 
two different magnetic materials, and the theory of magneto-static force, which is experienced by 
the iron powder in a magnetic field distribution. 

 Two electromagnets, made of cast steel, are aligned together such that the leakage flux in the 
air gap forms a fringing field distribution. It is this magnetic field distribution that simulates a 
defect area in a magnetized magnetic work-piece. Since the permeability of cast steel is far larger 
than that of air, the direction of the fringing field at the surface of the electromagnets is almost 
perpendicular to the surface. Such a simple geometry renders an analytical solution to the 
Maxwell’s equations.  

The magnetic force of the magneto-static field exerting on the magnetic particle, an iron 
powder in this case, can be derived by using the principle of virtual displacement. We obtain a 
formula of magnetic force, whose direction coincides with the gradient of the magnetic flux density 
and whose magnitude is proportional to the magnitude of the particle volume, the magnetic flux 
density and its gradient. This formula also agrees with the observation in MPI that the magnetic 
particles aggregate in the vicinity of the defect. 
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評語 

 

本實驗設計相當活潑且頗具創意。參賽者的講解也很認真，物理觀念非常

清晰。可惜在探傷的探討上缺乏實驗數據。以後可以在這方面多下工夫。 
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