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Almost all power energy is transported:‘for a long distances and then
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ELECTRICAL STEELS PLAY VITAL ROLE IN THIS SERVISE
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H Scientific background

“Minimization in magnetic losses in electrical steels improves
electrical equipments efficiency.

“*Magnetic properties (core losses) are also very depended on the
direction of magnetization in the crystal lattice.

M (kAm-3)
1800 %
1600 A {100} {111}
1400
1200
1000
800 =

S
e
400 A
200 {100} et

| | | | | "
0 20 40 60 80 H (kAm-3)
Magnetic anisotropy

{110}

~ [001]||RD

A
N\ :

ND : ND .
> | N\Q\
TD X

Grain -~ oriented with goss texture Non - oriented with rotated cub texture



U Factors which influence on the magnetic

properties
Sharpnestsy ;l)::d texture - High induction
Grain size and state of % i
secondary particles
The composition of the
solid solution and > Watt (core) losses
sheet thickness




Factors which influence on the magnetic
properties

High alloy content
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H Current status

Losses P, W/kg Magnetic properties:
18 ’ Bgoy=1,8-1,93 T; H.=5-10 A/m
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H Electrical steels and eddy current losses

-VEGA - 2/0120/15: "The modification of domain structure of silicon
electrotechnical steels by laser beam.”

Factors and methods which influence
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on the reduction of eddy current losses
Core Sheet thickness ‘l, ... rolling
loss
. Eddy current Electrical resistance 1‘ ... addition of Si
loss passr
Domains wall eii ... refinement
©  laser scribing
~
/AN >
- \
<+
N m
: : aghetic
NOH-I’T\GQ!‘IQTIC Magnefrlc ma‘rergial in MF Laser beam
material material
el ‘/f //-(;;1ain
< f/glocfl\l‘)\ & //
il

Domain = : Direction of

] e 1.

Scheme of domain refinement



1064 nm "
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Technical specifications

Power of the beam: from 3 to 400 W
Wavelength :1070 nm

Beam diameter in focus :17um - 200um

Current density

Laser scribing process
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Domains imaging by three different
methods

1) Bitter observation technique: combine magnetic
colloid suspension and classical optical microscope

2) MFM method include - 3) Kerr method: domain
Domains made visible by AFM | imaging by scanning magneto-
optical microscope
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Primary magnetic domains made visible by KERR microscopy in the silicon steel
without laser treatment, (b) refined domains in the 0.6 mJ laser treated silicon steel
- labyrinthine structure near the laser spot



MFEM method

)
00 4 Amplitude 50.0pm

Domains made visible by AFM in the silicon steel without laser treatment (area
90x90um) - magnetic domain sub-structure - lancet domains (arrow), (b) domains in
the 0.6 mJ laser treated silicon steel (area 50x50um)
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Non-oriented electrical steel: a) microstructure, b) domains structure in individual grains
(Kerr microscope), ¢) Domain structure of steel with averige size of domains - 1toum (Bitter

methods)

d) profile of the laser pulse 50W, 20us (Konfocal mikroscope), €) microstructure of steel with
laser pulse, f) domain structure of steel around the laser pulse.




Texture of GO steel after laser scribing

Laocal Mizonentation Iron boo [old) [100%]

SEM Mag: 600x
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SEM image of microstructure of GO steel after laser treatment with
local misorientation map obtained from EBSD analysis
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IPF map of cross — section plane in GO steel laser
"Goss" orientation scribing
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‘ The pole figure taken at @2 = 45° obtained

2 Jrom the sample after laser scribing




UMV SAV

SEI 15.0kV X200 100pm WD 9.9mm UMV SAV

Magnetic domains and core losses

SEI 150kv X200 100um WD 10.1mm UMV SAV SEI 15.0kvV  X1,000 10um WD 10.1mm

Laser pulse a) 100W, 5ms, defocus +10mm, b), ¢) 100W, 5ms beam focused on the sample surface
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Coercivity
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FoOrster type hysteresis loop tracer developed at the
Institute of Experimental Physics SAS, KoSice
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COST MP1401 Annual Conference and 2 MC meeting
12-15 Apnil 2016, Zadar, Croatia

Thank you for your attention!



H The M-ERA.NET Call 2016

1. Topic: Nanobainite induced by laser surface modifications of steels

2. Topic: Investigation of thermoelectric properties of materials:
Mg2Si and FeSi2

Deadline for pre-proposal submission 14th of June 2016, 12:00
noon Brussels time!



