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Estimation of Stress and Plastic Deformation of SS400 Steel
Using Magnetic Properties
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Ferromagnetic materials have the interaction between mechanical and magnetic fields which is called
magnetoelastic coupling. Also it is known that magnetic properties of ferromagnetic materials depend on
plastic deformation. There are various kinds of Non-Destructive Testing (NDT) based on these phenomena
for estimation of stress and plastic deformation. We propose a new analytical method of magnetic
hysteresis curve, in which the saturation magnetic hysteresis curve is decomposed to neutral
magnetization curve and hysteresis gap curve. Each of the curves is expanded into power series, and its
coefficients are extracted as parameters for the estimation. To verify this method, saturation magnetic
hysteresis curves of SS400 steel, a typical structural material, are measured under tensile stress and after
plastic deformation. The method is found to be effective to estimate the existence of plastic deformation.
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Fig.3 Neutral magnetic curve
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Fig.6 Specimen for plastic range measurement (P8-20)

Table 1 Maximum strain and residual strain (P8-20)

. . RREOT 7

BBRAAT | BROTH (B BT
P8-20-5 0 0
P8-20-6 0 0
P8-20-7 0 0
P8-20-8 0.0125 0.0111
P8-20-9 0.0250 0.0232
P8-20-10 0.0375 0.0353
P8-20-11 0.0500 0.0476
P8-20-12 0.0125 0.0109
P8-20-13 0.0250 0.0232
P8-20-14 0.0375 0.0353
P8-20-15 0.0500 0.0476
P8-20-16 0.0125 0.0109
P8-20-17 0.0250 0.0231
P8-20-18 0.0375 0.0358
P8-20-19 0.0500 0.0476

Tensile stress

Specimen

Gauss meter Electric magnet

Fig.7 Experimental set-up for magnetic measurement
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