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Micro-magnetic NDT

Why micro-magnetic NDT?
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Micro-magnetic NDT

vs time

L .

Magnetoscopy

o

Barkhausen noise characterization

| primary coil

needle core

=

sample

Eddy current sensor,
WWW.emersonprocess.com

| )

Double point probe sensor

Incremental permeability sensor,
Gupta 2017

GMR vector magnetic field measurement
DOI: 10.1109/JSEN.2019.2933153
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Research problematic
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Research problematic
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Simulation

m7



Phenomenological vs predictive models

A phenomenological model:

__ Describes the empirical relationship
of phenomena.

_ Consistent with the fundamental
theory but not derived from.

_ Need experimental results to be
parametered
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9} Accuracy
@) Physical interpretation

Predictive modelling uses statistics
and fundamental theory to predict the
material behavior.

Ab initio
https://computation.linl.gov/ab-initio-simulation-atomistic-model-cement,
WWW.emersonprocess.com

0) Physical meaning

@) Time consuming and scaling issues
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Space discretized vs Lump models

Discretization:. _ A lumped element model simplifies
Transform continuous functlo.ns, spatial distribution into discrete
models, variables, and equations entities under certain assumptions.

into discrete counterparts

stressebook.com

0) Accuracy v) Simple solution

@) Time consuming simulation, convergence issues @) Restrictive assumption
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Numerical tool, space discretization approach
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Numerical tool, lump model approach
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@ Numerical simplicity:

_ Physical meaning (Jiles-Atherton theory)

_ Fractional derivation
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Numerical tool:

Limited number of parameters

Reduced simulation time

Physical meaning

Relation electrical / magnetic quantities

Vector quantities

N \. . t t
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Instrumentation
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local magnetic characterization,
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e Barkhausen noise
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Vector quantities, collinear situation
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Printed sensors for NDT
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To embed sensors
Hidden components
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Reproducibility and stability

The magnetic Barkhausen
noise energy
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Predictive measurement
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Instrumentation:

Local information (in-depth informations)

Real time control (SHM)

Most signifiant/stable indicator
Relation electrical / magnetic quantities

Vector quantities
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B. Ducharne, B. Gupta, Y. Hebrard, J. B. Coudert, “Phenomenological model
of Barkhausen noise under mechanical and magnetic excitations”, IEEE
Trans. on. Mag, vol. 99, pp. 1-6, 2018.

Magnetic hysteresis cycle
B(H)
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Exemple 2:

5 — Analysis and correlation
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