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Feature engineering for twin boundary 
analysis in MnAl-C

The coercive field 
denotes the field 
strength to fully 
demagnetize  a 
magnet. Twin 
boundaries in 
MnAl-C depend 
heavily on the 
applied field 
direction. With both, 
micromagnetic 
simulation and 
subsequent machine 
learning methods, 
we improve the 
understanding of 
twin boundaries and 
their effect on the 
coercive field. 
Extending the 
feature set of a 
XGBoost regression 
model by including 
trigonometric 
functions of the 
external field 
improved the 
prediction accuracy. 
Feature importance 
analysis highlights 
the trigonometric 
functions that align 
best with the 
symmetries of the 
twin model. 

ABSTRACT
Crystallographic defects significantly impact the 
coercive field Hc in rare-earth-free permanent 
magnets, like MnAl-C [1]. Twin boundaries show 
a certain misalignment Ψ between adjacent 
entities easy axes. During the demagnetization, 
complex processes emerge with the connected 
entities as compared to the single ones [2], 
caused by exchange and magnetostatic fields. 
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μ0Ms = 0.8 T
K = 1.5 MJ/

μ0Ms = 2.15 T
K = 48 KJ/m3
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TEM image of true twin boundary 
measured at IFW Dresden 

Incorporating trigonometric functions of θ and φ, the prediction accuracy improves 
and their relation to the model and the training data is analyzed.

Model

The 2-fold symmetry of the feature 
cos(2φ) aligns with the twin interface 
plane and easy-axis plane symmetry.

The most important features align with 
the symmetry of the twins, which are 
cos(2φ) and sin(θ).

The feature sin(θ) aligns with the 
equator symmetry for upper and lower 
hemisphere of the model.

Training the model and predicting the coercivity with the combination of the two 
symmetry-related trigonometric features gives the lowest MAE = 0.0146 T. Training 
with theta and phi only gives 0.0867 T.
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True twin model with 
75.66° angle between 
the two easy axes. 
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XGBoost 
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Feature importance analysis 
measures the average reduction of 
training loss for each feature, its 
gain. Large scores contribute to 
reduction of prediction errors.

Results
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