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Evaluation of Stress Distribution Due to Shearing in Non-Oriented
Electrical Steel by Synchrotron Radiation and Effect of Grain Size on

Iron Loss Deterioration Due to Shearing
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Abstract:

The influence of shearing process on the iron loss of non-oriented electrical steels with grain sizes of 10 um to 150
um was investigated. The deterioration ratio of iron loss was clearly smaller in sample with small grain sizes. The
shear droop height, reflecting the amount of plastic deformation, displayed a good correlation with the deterioration
of iron loss under the effect of the material grain size. To clarify the strain distribution around the sheared edge,
elastic-plastic strain in a sheet sample with the thickness of 0.30 mm and grain size of 10 um was evaluated by using
synchrotron radiation. The width of the region of elastic strain due to shearing was two or three times of the material
thickness. The results of the elastic-plastic strain distribution obtained by measurements were then used to estimate
the iron loss deterioration rate in 5 mm width sheared samples. The estimated loss deterioration coincided with the

actual measured iron loss.
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Fig.1 Schematic view of shearing
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Fig. 2 Influence of material grain size on deterioration of iron
loss
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Fig.3 Influence of material grain size on deterioration of iron
loss
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Fig. 4 Influence of material grain size on distribution of
hardness increase near sheared edge
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Fig.5 Optical micrograph and schematic view of sheared
edge
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Fig. 6 Influence of material grain size on drop height
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Fig. 7 Influence of drop height on deterioration of iron loss
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Fig. 8 Stress analysis condition by FEM in shearing process
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Fig.9 Distribution of stress perpendicular to the page by FEM
calculation for grain size 50 um sample (Thickness:
0.30 mm, Hardness HV 205)
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Fig. 10 Influence of material grain size on equivalent plastic
strain along centerline in thickness direction by FEM
calculation (Thickness: 0.30 mm, Hardness HV 205)
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Fig. 11 Influence of material grain size on stress distribution,
as shown in Fig. 9, along center line in thickness
direction by FEM calculation (Thickness: 0.30 mm,
Hardness HV 205)
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Fig. 12 Strain distribution measurement method by
synchrotron radiation
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Fig. 13  Strain distribution by shearing process using
synchrotron radiation
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Fig. 14 Stress distribution by shearing process using
synchrotron radiation
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Fig. 15 Schematic diagram of strain distribution by shearing
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Fig. 16 Comparison of magnetic properties under plastic
strain and elastic stress
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