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Grain-Oriented Fe-Si steels » Loss reduction up to 20% and apparent

permeability Iimprovement
» Correlations between the laser energetic
guantities, laser impact and the identified
magnetic properties

» Impact of laser on microscopic magnetic
Magnetic Domain Refinement structure

Technic:

Reduction of Surface Laser treatment

Iron Losses

Saving Energy

Transformer Core
L aminations

2. Laser Treatment and Material

& IPG p u |Sed Ytterb | um fl ber Grain-Oriented Fe-(BWt%)SI Peak power Energy Cumulative
- Name GO 23MOH Configuration density density energy density Type

Scribing (MW /em?) (J/cm?) (] /cm?)

short pulse laser (1.064m) Scr_A 127.32 0.50 509.296 Scribing

b Scr_B 38.19 381 15279 | Scribing

Laser tracing Ablation Square(150mm) Abl_A 23.4e° 11.71 1171.38 Ablation
Line ultra-short pulse laser(1.030um) 7.38 glem? Abl_B 10 106 £ 09 002 | Ablation

3. Total Power Loss and Apparent Permeability

4. Modeling
Variation measured with “SST”

Scribing
: : C
Linear Thermal Equation: = 0,AT + AT = q/G
30%Variation 50 Hz GO 23MOH L Variation 50Hz GO 23MOH G thermal conductivity coefficient, C:heat capacity coefficient, g: laser heat flux
20 - 0] o _ Induced Thermal Stress: o = (a;. AT; — a,,. AT, ).E
Thermal expansion coefficient of SiFe (a,,) and of the insulating coating («;),
10 1 \\ 10 1 Metal temperature (4T,,,) and coating temperature variation (47;), E: Young modulus
ol H° " 5 Based on the two Temperature Model: L = o™ !-In (=
i Y th
20 | 20 | L. groove depth, a: optical penetration depth, F,: laser fluence :
' Fy, : threshold fluence for ablation Optmlncal Images
-30 1 -30 A .
40 - 40 - Bertotti’s Model: Loss separation
P= P(hyst) + P(class) + P(exc)
50 -
mScrA_P = Scr A _ Muapp >0 = AblA P ®= Abl A_Muapp 5 5 s 3 3
mScrB_P N Scr B _ Muapp Abl B P Abl B_Muapp =k, fB;, + k.f“Bj + k. f2B?

Magnetic domain Refinement (d: domain width)
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