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1. Introduction

Among silicon steel sheets, grain-oriented grades provide
the most favorable magnetic properties (in the direction of
rolling). In order to reduce core losses in these sheets,
extensive research has been done in recent years and
various methods have been developed, one of the most
important of which is to refine the magnetic domains by
applying tensile stresses on the surface of the sheets.
Although relatively extensive research has been done on
the optimization of laser process variables for reducing the
core losses of GO silicon steel sheets, but as far as the
authors know, no systematic research has been done about
the effect of laser line interruption on the structure of the
domains as well as core losses of silicon steel sheets.
Since the interruption of laser lines, due to the lack of
scribing of some parts of the sheet surface, can cause less
damage to their surface coating, if the core losses of these
sheets are significantly reduced, it will have a favorable
potential for application. On the other hand, various
researches have shown that the application of an external
magnetic field can change the structure of the domains by
creating tensile or compressive stresses in different
directions of the sheets. Therefore, it is possible that by
using an external magnetic field during the discontinuous
laser process, the final structure of the domains after the
laser process will be different compared to the condition
without magnetic field, and therefore the magnetic
properties of the final sheets will also be different.
Considering these conditions and the importance of
investigating the effect of interrupted laser line patterns on
the magnetic properties of GO silicon steel sheets,
especially when the sheets are placed in an external
magnetic field during laser scribing, the results of the
present research can improve the existing knowledge in
this field and provide more possibility to improve the
magnetic properties of electrical steel sheets.

2. Experimental
The silicon steel sheet used in the present research was a
GO sheet with high permeability. In this research, sheets
with a thickness of 0.3 mm and dimensions of 30 cm x3
cm (larger dimension in the rolling direction) were used.
For laser radiation, a pulse fiber laser with a maximum
power of 20 watts, a wavelength of 1064 nm with a spot
size of 50 micrometers and a working frequency of 20 kHz

was used. In addition, a number of sheets were placed
under an external magnetic field with an applied intensity
of 0.7 Tesla along the length of the sheets during laser
irradiation with different patterns. The core loss of the
sheets was measured in a Soken DAC-BHW-2 device.
Core loss measurement experiments were performed at a
magnetic flux density of 1.7 Tesla and a frequency of 50
Hz.

In this research, after optimizing the parameters of the
conventional laser process, the effect of different
interrupted and continuous patterns of laser lines with and
without applying an external magnetic field was
investigated on the core losses and the structure of the
magnetic domains of steel sheets. The schematic of
different patterns of laser irradiation process on the
surface of silicon steel sheets is given in Fig. 1.
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Fig. 1. Schematic of different laser patterns on the surface
of silicon steel sheets. Black lines represent laser radiation
on the upper surface and red lines represent laser radiation
on the lower surface. It should be noted that the distance
between the breaks is one of the variables examined in this
research and therefore it is not necessarily the same in all
patterns.

3. Results and discussion

The results showed that during the laser scribing of GO
Si-steel sheets, if the interruption length is small such as 2
mm, the effect of the laser process on reducing the losses
of silicon steel sheets is insignificant. With the increase of
the interruption length to about 6 mm, the losses of the
sheets are reduced largely (Fig. 2), and then by increasing
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the length of the discontinuity again to about 10 mm, the
positive effect of laser-scribing in reducing the losses
decreases again.

Such conditions are true for one-sided or two-sided

laser radiation on the surface of the silicon steel sheets. It
is difficult to interpret these changes now, but it can be
predicted that the length of the interruption of 6 mm has
created the most suitable tension conditions on the surface
of the sheets to reduce the size of the magnetic domains
and thus reduce the losses of these sheets.
The effect of laser line interruption length on the structure
of magnetic domains is shown in Fig. 3. This figure shows
that in the condition that the length of the laser lines is 2
mm (Fig. 3-a), domain sizes in the 4 mm distance between
two similar lines are not reduced at all. By increasing the
length of the interruption to 4 and 6 mm, better results
have been obtained and the conditions are more or less
optimal when the length of the interruption is 6 mm (Fig.
3-c). The results of this research also showed that when
the laser lines are irradiated intermittently and with an
interruption length of 6 mm on both sides of the sheet
surfaces in such a way that the laser lines on one side
cover the un-irradiated part on the other side, core loss of
steel sheets is reduced. It seems that these conditions have
led to the optimization of the absorbed energy on the
surface of the sheets and the creation of the most suitable
conditions for forming the desired tensile stresses to
reduce the width of the magnetic domains.
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Fig. 2. The effect of the length of the laser interruption on

the core loss reduction of silicon steel sheets. The power of

the laser device 20 W, the radiation frequency: 20 kHz, the
linear speed of the laser 1500 mm/s.

Based on the results of the above experiments, the optimal
samples were selected and the effect of the simultaneous
use of an external longitudinal magnetic field during laser
irradiation on the surface of these sheets was investigated.
Results showed that the use of an external magnetic field
along the length of the sheets (rolling direction of the
sheets) during the laser-scribing of the surface of the
silicon steel sheets has led to a significant improvement in
the magnetic properties of the sheets, such that even in the
condition of interruption of the laser lines. , the use of an
external magnetic field has reduced core losses to the
extent of samples with continuous and two-sided laser
lines.

The reason for this can be the positive effect of the
external magnetic field in creating tensile stresses on the

surface of the sheets. As a result, a significant change in
the width of the magnetic domains, which after laser
irradiation; either intermittently or continuously; lead to a
favorable refinement in the size of the magnetic domains
leading to a great reduction in the core losses of the sheets.

Fig. 3. The effect of the interruption length on the structure
of magnetic domains in the condition that the laser is
irradiated on only one side of the sheets. The length of the
interruption is equal to: a) 2 mm, b) 4 mm, ¢) 6 mm, d) 8
mm and e) 10 mm.

4. Conclusion

In this research, the effect of different patterns of

interruptions of laser lines in the presence/absence of an

external magnetic field was investigated on the structure
of magnetic domains and core losses of silicon steel
sheets. The most important results are:

1- When the length of discontinuity of laser lines on the
surface of silicon steel sheets is chosen to be around 6
mm, more suitable magnetic properties are obtained for
the silicon steel sheets.

2- During the optimal interruption conditions, if the
interrupted laser lines are irradiated on both sides of the
sheets in such a way that the laser lines on one side cover
the non-irradiated part on the other side, the losses of the
silicon steel sheets are greatly reduced.

3- The use of an external magnetic field in the rolling
direction of silicon steel sheets during discontinuous
double-sided laser scribing of their surface in such a way
that the length of the discontinuity is about 6 mm, causes
the greatest reduction in core losses and significant
improvement of their magnetic properties.
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