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1. Motivations
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Fatigue

iInvolved in more than

60 %

of failure in service
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A key consideration in part design
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N\

A key consideration in part design

\ =

A time consuming activity

% A scattered phenomenom
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1. Motivations —= iRNL

Fatigue properties depend on numerous parameters
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A key consideration in part design
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infrared camera

Local heat equation

2

Temperature variation g ,DCpT + diV((_j) =A+r+pT

Can be measured

Wy 5o z T 0’y a Heat sources
k

agaT = .

aVkaT Vi o Cannot be measured
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2. SIC from IR measurements




SIC from IR measurements — RDL

PhD of A. Le Bihan (defended in 2025)
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What is Strain Induced Crystallization?
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The classic approach to access crystallinity: WAXD mini-PureShear
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 Phase transformation comes

« Access quite difficult with energetfic effects ;
 Difficult to process the data O « Infrared calorimetry :

« Noft a full-field technique - Large FPA
« Noftreally real-time « High frequencies
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The non crystallizing twin approach

Reference material, NR42
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A simple case
Simplified OD heat equation
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A more complex case

B
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SIC from IR measurements — RDL

Infrared calorimetr

9.2
8.2
72
6.2
5.2
4.2
325

0.0 2.3 5.0 Fa. 10.0

1.2
Crystallinity index [%]

10
8
> 6
| 4
T
2 4 6 8

emacro

ystallinity index [%]

ITII]1IIlIIITIIITIII]II]III]II—I—
—B— Calorimétrie 7

—e— WAXD

J_IIIIIIIIIIII]I_I_
TIIIIIIIIIIIII

Crystallinity index [%]

|
0 1 2 3 4 5 6
Distance to the hole [mm]

[ i e
122.23242526.27.28.29.2

Crystallinity index [%] Crystallinity index [%]




eeeeeeeeeeeeeeeeeeeeeeeee

OUTLINE

3. Fatigue crack closure detection




Fatigue crack closure and TSA _ | iROL

SELF ®
HE ATING an r agence nationale

CHAIRE ANR SAFRAN & NAVAL GROUP de Ia rECherChE

ENST2

N 1P PARIS

cr//ﬂ ‘

NAVAL GROUP

L GROU
RESEARCH[ER, 4

'. TTTTTTTT
CARNOT
« M o

S SAFRAN

e A
i o -

o

o~
PAl — AEROSPACE DEFENCE:SECURITY

Work done by Dr. L.
Bercelli

https://youtu.be/FzrAby-eKLsesi=nXA3B-Kc8IGqg4wF 21
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Open crack detection with TSA
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Fatigue crack closure detection

infrared mirror
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Crack detection with TSA in the case of crack closure

Tension-compression (R = —3)
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Crack detection with TSA in the case of crack closure

Tension-compression
(Rloc < 0)

N =52 000




Institut de Recherche Dupuy de Lame

Fatigue crack closure detection — iROL

Crack closure time determination

Second step
Use of the CWT (Continuous
Wavelet Transform) to
detect crack opening and

closure
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Fatigue crack closure detection

infrared mirror

infrared camera
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' PhotoMechanics Conference

Paris
26-29th, Oct. 2026

https://pm2é.sciencesconf.org/

For 30 years, the PhotoMechanics conference has been a unique
international forum, gathering academics and practitionners to promote
the use of full-field measurement techniques in applied mechanics. For
the 13 edition, the chair of PhotoMechanics is glad to welcome you
to Paris (France) during the 2026 Toussaint holidays (26 to 29 of october) |
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