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In order to reduce the eddy current losses in electrical machines the stator and rotor cores are made up of
stacked steel sheets. At present the sheet thickness of electrical steel for automotive applications is
between 0.2 mm and 0.35 mm. The material properties of the electrical steel sheets affect the
performance and efficiency of an electrical machine [1]. Especially the mean grain size and the
crystallographic texture have a strong influence on the magnetic properties of electrical steels. [2-3]. The
entire manufacturing process, from the electrical steel coil to a stator and rotor package, affects the
properties of the sheet material [4]. For high-volume productions of rotor and stator laminations the
electrical sheets are cut in a stamping process. For small quantities this is not an economical process,
thus a laser cutting process is frequently used. Both manufacturing methods, stamping and laser cutting,
lead to local changes of the microstructure and related changes of the magnetic properties in the area of
the cutting edge [5-8].

In this contribution only the cutting process will be considered. It is well known that the punching
process has an influence on the magnetic properties of electrical steels [6-8]. With regard of high-
volume productions, the influence of tool wear on the magnetic properties of electrical steels is an
important topic. As a result of increasing tool wear, the plastic deformations caused by the shearing
procedure during the punching process become stronger. Furthermore, tool wear causes an increase of
the burr height which is an important characteristic value concerning the stacking process. A large burr
height leads to short circuiting between electrical sheet layers and cause a corresponding increase in
eddy current losses [9].

The magnetic properties of electrical steel are connected with its microstructure [3;10]. For the
microstructural investigation of areas near the cutting edges, EBSD (electron backscatter diffraction)
analysis is the method of choice because it achieves the required angular and spatial resolution. In order
to estimate the influence of tool wear on electrical steel sheets, samples that were cut with various
grades of tool wear have been investigated (see figure 1). The geometry and size of the affected zone as
well as the magnitude of deformation in the material was determined in order to understand the material
behavior with respect to cutting parameters and tool wear.
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Figure 1 SEM and EBSD investigations of electrical steel sheets cut with a fresh (a - ¢) and a blunt
stamping tool (d — f) demonstrate the effect of tool wear on the microstructural scale. Already SEM
images (a, d) provide geometric information about the magnitude of deformation by comparing the top
cutting edges (arrow = stamping direction). EBSD data of marked rectangular areas (a, d) are presented
in color coded maps of Euler angles (b, ¢) and local misorientations (c, f) in order to highlight regions of
higher deformation. The average local misorientation of the measured areas is below 1° when using a
fresh tool and approximately 3.5° when using a blunt tool, respectively.
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