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Fig. 1. Hysteresis loop and reversible permeability. (a) B-H loop
hysteresis loop, (b) absolute value profiles of reversible permeability,
and (c) incremental permeability.
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A (length of reduced section) = 57 mm, B (lenth of grip section) = 50 mm
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Fig. 2. Rectangular tension test specimens.
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Fig. 3. Block diagram for the measurement system using surface type
probe for measuring the reversible permeability.
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Table L. Mechanical properties of the three kinds of materials.

Mechanical Yield Tensile
. Vickers
properties hardness strength  strength
Materials (MPa) (MPa)
CBQ 3060 99.6 162.4 294.6
CBQ 3041 1.2 182.1 311.7
CBQ 3036 117.5 214.7 331.2
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Fig. 4. The reversible magnetic permeability for Vickers hardness (a)
99.6 (CBQ 3060), (b) 111.2 (CBQ 3041), and (c) 117.5 (CBQ 3036)
at ac perturbing magnetic field frequencies 20 Hz.
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Fig. 5. Mechanical properties (a) Vickers hardness, (b) yield strength and (c) tensile strength for the reversible magnetic permeability. Ac

perturbing frequencies are 20 Hz, 100 Hz, and 1 kHz.
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Measurement methods in order to measure the mechanical properties nondestructively have been studied. The mechanical properties
of the structural and turbine rotor steels are related with their magnetic properties. If the magnetic properties of the cold rolled carbon
steel sheet (CR) for a car are measured nondestructively, its mechanical properties are analogized by their magnetic properties. And
then the mechanical properties are monitored on-line by measuring the magnetic properties. We prepared three CR materials, CBQ
3060, CBQ 3041, and CBQ 3036, were prepared in order to measure their mechanical and magnetic properties. The Vickers hardness,
yield strength, and tensile strength were measured by ASTM E 8M, and the reversible magnetic permeability was measured by the
surface type probe. The coercivity calculated by the peak interval of reversible magnetic permeability increased linearly with the
increase of Vickers hardness, yield strength, and tensile strength. The amplitude of the peak interval of reversible magnetic
permeability drastically decreased when the lift-off was increased.
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