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AE monitoring of fatigue tests on a 304L steel : Thesis M. Shaira 2006
Strain induced Martensitic transformation and damage (Courbon, Guy, Godin)

< Chronology of AE liberation
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Reproducible global behavior, little influenced by applied load

“ Numerous energetic signals at the beginning | < Numerous energetic signals at the
of the test (plasticity of sample ?) beginning of the test (plasticity of sample

% Quieter regime with jumps (damage?) ?)

¢ Linear regime for the half of the test (MT+
damage?)

¢ Acceleration of the regime (acceleration
of damage?)

mesd Several active mechanisms
Signals processing thanks to classification (K-means)
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< Multivariable statistical analysis Thesis M. Shaira 2006
(Courbon, Guy, Godin)

Case of fatigue tests on a 304L steel :
=> 3 clusters with different characteristics (k-means method):
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1 % Low frequency signals Collective dislocation
% Longest rise time MW» %AVAVAVAV‘W—> motions (source  emitting

% Active from the first cycle during a long time)

2 < Shorter rise time L\%ﬂ Damage
“ Higher frequency

3 + Impulse type signals [W MT (very fast mechanism)
% Very short rise time




Predict vicinity of fatigue failure /

Reliability VS physics

Time and space influenc
between avalanches

_ Influence of variables on avalanches
Interactions and

Association

Impact of N on power laws

Quantification

I Correlation

P(X) = X exp (-X/Xc)

Discrimination and clustering of

' AE source

AE monitoring Data processing

membrede %
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Micro-development of fatigue Damage / Plastic ~ Dislocation den5|ty

deformation Cracks ?
Transformation

Eddy current A.E

testing # def. mechanisms
— # acoustic signals
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Changes in structure & changes in the collective behaviour of defects
signals L

Steady state shakedown regime :> particular behavior of AE/ eddy current

Approach to ultimate failure is approached :> Signs of degeneration
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Identify fatigue failure = monitoring evolution of statistics of AE signals

Cyclic fatigue tests on Polycrystalline Aluminum (99.95%) = dislocations

= microcrackings
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Identify fatigue failure = monitoring evolution of statistics of AE signals

Cyclic fatigue tests on Polycrystalline Aluminum (99.95%)
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Identify fatigue failure = monitoring evolution of statistics of AE signals

Cyclic fatigue tests on Polycrystalline Aluminum (99.95%) = dislocations

= microcrackings
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Identify fatigue failure = monitoring evolution of statistics of AE signals

Cyclic fatigue tests on Polycrystalline Aluminum (99.95%) = dislocations

= microcrackings
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Identify fatigue failure = monitoring evolution of statistics of AE signals

= dislocations
microcrackings

Cyclic fatigue tests on Polycrystalline Aluminum (99.95%)
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Identify fatigue failure = monitoring evolution of statistics of AE signals

= dislocations

Cyclic fatigue tests on Polycrystalline Aluminum (99.95%)
= microcrackings
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@ Materials adjust to cyclic loading
Self organization I:> Internal damage |:> Complex| microstructure

—
fractal
Cyclic fatigue tests on Aluminum 99.95% AE
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Power law scaling of avalanche statistics
=» a scale-free, critical dynamics arising from interactions between

entities (dislocations, microcracks...)

<> Acoustic energy ¢ .
2 Amplitude N(g) * &

< Time intervals &t between two

acoustic events
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. Stress (MPa)

40

O’ Accommodation = steady deformation

10. —=—> |dentification of underlying mechanisms during shakedown state

N
o

(@)

N
o
T
U

What are the evolutions of
mechanisms which contribute to
fatigue along cycling?
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@ Occasional rare but dominating events when sub-elements escape to some
distant part of the energy landscape = microcracking

accommodation continues through

AE statistics
development of another defect microstructure

power law
#exponent?

40,

6
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| | | | | . Tx/ 40;

"-:,l> Identify precursors of transition from step @ to step @

x10

= closely monitoring slow but systematic evolution of the statistics
of avalanches

= detect the crossover
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@ More drastic rare but dominating event (macro-cracking)
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Non-linear Eddy Current Method (NLECT)
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Example 1:
Tenslle test of 18-8 austenitic stainless steels

Chemical composition of model alloy of sensitization [wt.%]

Alloy ID C Si Mn Cr NI N Fe
18-8 model alloy 0.050 0.60 0.87 18.6 8.94 0.002 Bal.
16-10 model alloy | 0.032 0.99 0.98 16.2 10.0 0.004 Bal.

Change of magnetization curve by plastic deformation
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Observation by MFM and EBSD
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Application of NLECT

Relationship between 3'¢ harmonic ratio and nominal strain
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Example 2:
Tenslile test of SS400 carbon steel

Hysteresis

: : Hitachi SS400
Ascending hysteresis AISa;‘ieIS 29B, T
branches of deformed 0%

1%

SS400 steel intersecting

around coercive field 3 %
region. Therefore, the 5%
B series

classical coercivity is not
sensitive.

mombyede 2

werimee 2011 Annual ELyT Workshop, Sendai, Japan, February 22-24

§



Application of NLECT

Relationship between 3" harmonic ratio and residual strain

Test frequency: 100 kHz

Higher harmonics component Coercivity-relevant
N =10 ,
-3.70E+01 3.20E-01 N
-3.80E+01 3.10E-01 - -
3.00E-01 | -
-3.90E+01 —
2.90E-01
-4,00E+01
2.80E-01 |
-4.10E+01 » 70E-01 |
-4.20E+01 2.60E-01
Residual strain (%) Residual strain (%)
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Interest of acoustic emission and ultrasonic techniques

O. Lame; T. Monnier
< Initiation of plasticity @ detect materials degradation © degradation activities

=—> Semi-crystalline polymers Multi scale microstructure

~ <

some anlgstriims some anlgstri')ms ~10is|h nm 50is||1 nm ~10is|h Hm
i ! ' ! ! ”
Monomers Crystalline crystalline lamella Lamelar Polycrystalline
And comonomers mesh (thickness) stacking clusters
% A (Spherulltes)
Y Y
Moleculare Processing

characterisitics =———>> >—>> Property use

Thermal treatments
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= > Adaptation of a semi-crystalline polymer to mechanical stress?

=—> Important microstructural parameters?
f

T - Tightening molecules
(T TTTL -
Visco-elastic = aPivs e - Amorphous mobility
domain [T TTTIITIITAL - Molecular topology
v 4
! ™
f
Plastici ME@% - Shearing resistance
astiaty. < [1]]- Cavitation resistance
Shearing then cavitation Cavitation then shearing
.
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Force

< Initiation of plasticity y =="> Hypot hese d¢
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< detect materials degradation

< degradation activities

Hypothesis 3 :

When macroscopic force is maximum

» Stretching of fibrils

Hypothesis 4 :

> Fibrils fracture
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Use of ultrasonic techniques together with AE
= further information about any microstructural changes

Controlled well-known waveforms launched in material

Carrier wave
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== > Sensitivity of carrier wave to local properties

Compare signature of wave path obtained in the initial state and all along the test

== > Interaction AE/US

Acoustic signature of US wave modified by transient acoustic energy released by an
AE event

Labo;atory



