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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 dete-
rioration 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 measure-
ments were then used to estimate the iron loss deteriora-
tion rate in 5 mm width sheared samples. The estimated
loss deterioration coincided with the actual measured
iron loss.

1. Introduction

Non-oriented electrical steel is widely used as a core
material for motors, generators and other electrical
equipment, and is an important soft magnetic material
which supports today’s society. In recent years, require-
ments for higher efficiency and energy saving in motors
have become increasingly strict from the viewpoint of
high efficiency in energy use, and higher performance
has also been demanded in non-oriented electrical
steel. Moreover, in order to achieve high performance
and high efficiency in motors, appropriate selection of
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materials for cores corresponding to their distinctive
features and optimum material use are also considered
necessary™™.

Although motor cores are generally manufactured
by punching non-oriented electrical steel sheets, it is
known that the magnetic properties of electrical steel
sheets are deteriorated by the plastic strain and elastic
strain that occur around the punched edge in the
punching process*®. The magnetic properties of
non-oriented electrical steel sheets are generally mea-
sured and evaluated after shearing the material to
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few reports have addressed this issue®'?. Therefore,

JFE Steel carried out strain measurements by using
synchrotron radiation, which enables nondestructive
measurement of strain around the punched edge.
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spite of this strain distribution, it can be thought that
the influence of plastic strain on iron loss deterioration
may be predominant, or the size of the plastic strain
introduced by punching/shearing may also be reflected
in the s A.a.8 (ed)bhL0Tm[sh58 (e w (ed)bhL10 0 eA_ang150 eA_an54 BDC 411Cp)rJ/SpanfActual TextEEFF2008RiU258 Tm(/)98
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Figure 11 shows the results of a stress distribution
analysis in the direction perpendicular to the page at
the material centerline. Comparing the stress values in
the plastic deformation region from the sheared edge to
a point 0.1 mm from the edge, the tensile stress gener-
ated around the sheared edge is smaller in the materials
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tron radiation measurement correspond to the FEM
analysis results shown in Fig. 11 (grain size: 10 um),
those results were compared with the strain distribution
in the Y direction in Fig. 14. First, focusing on the
region of strain introduction from the sheared edge, in
the FEM analysis, the elastic-plastic strain region
extended to around 0.5 mm to 0.6 mm from the
sheared edge. In contrast, the synchrotron radiation
measurement results showed that the elastic-plastic
strain region extended to around 0.8 mm to 0.9 mm
from the sheared edge. Next, looking at the stress val-
ues from the sheared edge, in the FEM analysis, the
stress is tensile stress with a maximum value of around
50 MPa in the region 0.05 mm from the sheared edge.
This changes to compressive stress with a maximum
value of about 200 MPa in the region from 0.05 mm to
0.15 mm, and then to tensile stress of about 50 MPa in
the region from 0.15 mm to 0.5 mm. On the other
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