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The aim of this study is to establish a non-contact diagnostic technique for a polymer electrolyte
fuel cell (PEFC). In this non-contact technique, a static magnetic field around the PEFC is measured
with small-sized and high-sensitivity magnetic sensors, and then the current distribution inside the
PEFC is determined from the static magnetic field. Therefore, this technique is able to detect deficient
spots on generation performance

In this study, a PEFC with a MEA (single cell) was used. One hundred and eight triaxial magnetic
sensors were placed near the flank of the PEFC. A normal MEA and a deficient MEA were used. The normal
MEA had an electrode area of 25 cm® (50 mmx50 mm). On the other hand, a part of the electrodes of the
deficient MEA was deleted intentionally. The electricity is not generated in the deleted part of the
electrode. If the generating current determined by this technique is zero in the deleted part, it means
that this technique is verified. Also, the deleted part was a size of 10 mmx 10 mm and was prepared
at several positions.

The current distribution in the electrode was determined from the magnetic field using an inverse
problem analysis of the extended evolution strategy. The MEA was virtually divided into 25 elements.
The magnetic field was beforehand calculated under the condition of the various currents generated in
each element using the 3-dimensional FEM (finite element method). The magnetic field determined by
the superposition of the calculated magnetic fields was compared with the measured magnetic field. The
calculation was iterated until the difference between both of them was minimized.

In the case of the deleted part prepared at the corner of the electrode, the value of the current
at the deleted part was zero, and the current distribution of the other part was reasonable. On the
other hand, the current distribution in the case of normal MEA had no area of zero and was reasonable
This technique was also able to detect a deleted part at the other position. This study built the
hon—-contact diagnostic system which estimated the deficient part by the inversion problem analysis
through gathering data of magnetic fields near PEFCs and visualized the results




