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Fig. 1. The schematic diagram of magnetic flux
leakage in magnetic materials by defect.
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Table 1. Compositions and products of materials
used in characterization of magnetic

property
Materials Products Compositions
SuJ2 Bearing | C:<1.02, Cr:<1.40, P,S:<0.015

SWRCH45F CHQ C:<048, S:<0.04, P:<0.020

SCM435 Structure | C:<0.38, Cr:<1.20, Mo:<0.30
SWRSB0BC | Piano wire | C:<0.85, Cr:<0.26, P,5:<0.015
SAERN54D Spring C:<0.57, Cr:<0.65, Si:<1.6
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Fig. 3. Initial magnetization curves of materials
used in this study(l' means ingot cast

material).
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Fig. 4. Initial magnetization curves of continuously
cast and ingot cast billets of SCM435.
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Table 2. Retentivities(B;), coercive forces(H:) and
saturation magnetic flux densities(Bs) of

materials

B, H. Bs

Materials
(T) (Ce) M
SUJ2 11 6.0 17
SWRCH45F 0.82 135 14
SCM435 0.78 75 1.7
SWRS80BC 0.67 20.5 1.2
SAE9254D 0.44 11 0.7
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Fig. 5. Temperature dependence of initial magn-—
etization curve of SCM435.
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Abstract  Dry magnetic particle inspection(MPI) was performed to detect the surface defects of steel
ingot cast billets. Magnetic properties of several materials were characterized by the measurement of the
B-H hysteresis curve. The inspection results were evaluated in terms of the magnetizing current,
temperature, and the amount of magnetic particles applied to billets. Magnetic flux leakage near the
defect site of interést was measured and compared with the results of calculation by the finite element
method in the case of direct magnetizing current. Direct and alternating magnetizing currents for
materials were deduced by the comparison of the inspections. Results of the magnetic particle inspection
by direct magnetizing current were compared with those of finite element method calculations, which
were verified by measuring magnetic leakage flux above the surface and the surface defects of the
material. For square rods, due to the geometrical effect, the magnetic flux density at the edges along the
length of the rods was about 30% of that at the center of rod face for a sufficiently large direct
magnetizing current, while it was about 70% for an alternating magnetizing current. Thus, an alternating
magnetizing current generates rather uniform magnetic flux density over the rods, except for the region
on the face across about 10 mm from the edge. The attraction of the magnetic particle by the magnetic
leakage field was nearly independent of the surface temperature of the billets up to 150 °C. However, the
temperature should have been limited below 60°C for an effective fixing of gathered magnetic particles
to the billet surface using methylene chloride. We also found that the amount of applied magnetic

particles tremendously affected the detection capability.
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