
Relative control of domains structure and phases in 
electrical steels by laser process parameters and patterns

Impact of Groove Depth  LISW pressure (p  Ṕ)

Introduction: This work investigates the impact of surface Ultra-Short-Pulsed-Laser ablation process (USPL); mainly the
groove depth (p), Laser Induced Shock Wave (LISW) pressure (Ṕ) and line spacing (d); on magnetic characteristics of Grain-
Oriented Electrical Steels (GOES) by using an average dynamic -c- model [1] and the Tensor Magnetic Phase Theory (TMPT) [2].
Measurements and observations are performed with the Single Sheet Tester (SST) and the Magneto-Optical Indicator Film (MOIF)
technique. The analysis helps specifying the process thanks to a relative control of the magnetic structure and its dynamic properties.

Conclusion: The technical solution is a compromise between
• The inclusion of located laser spots – lines, that leads to : a reduction of polarization inside the

affected zone (Ṕ  , ) / an increase of pinning – nucleation processes at defects (p  c).
• The induction of located closure domains or magnetic poles that define width of magnetic domains,

multiplication and mobility of walls driven by the total energy minimization (d , , ).
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samples p/pn Ṕ/Ṕn

p0 0 0

p125 0,125 0,61

p187 0,187 0,26

p250 0,250 0,64

p375 0,375 1

p625 0,625 1

p1500 1,5 3,06

p1625 1,625 1,53

p2000 2 1,75

p3000 3 3,06

Impact of Laser Lines’ Spacing d

samples d/dn

d0 0

d167 0,167

d333 0,333

d667 0,667

d1000 1

d1333 1,333

d1667 1,667

Process parameters

Pattern parameters
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p: groove depth
Ṕ: LISW pressure 
(Laser Shock Wave)
p’: affected depth
(**)
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groove depth estimated p/pn (n.u.)

pp’

d: pattern
line spacing

: line width
groove width
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Line spacing d/dn (n.u.)
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Magnetic properties identified @B = 1.5 T & f = 50 Hz

Magnetic properties identified @B = 1.5 T & f = 50 Hz
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***: relative to nominal dn
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Solution proposed
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