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Active thermography for defect detection and analysis

Aim of the research:

* developing an experimental methodology for the analysis of corrosion
phenomena of steel surfaces by means of Active Thermography (AT),
in reflexion configuration (RC)
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Frequency response provides information on surface and material properties

Dugand M.M., Cura F,, Sesana R., Lazzaro S.

ICSI 2021 - 30 August-1 September - Virtual Conference -



; 'H "y, Politecnico
‘N__pf"f' di Torino

Active thermography for defect detection and analysis S o
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CONCENTRATED DEFECTS vs DISTRIBUTED DEFECT
What is thermal response?
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* Lock in and pulsed thermal loading
* Varying excitation parameters (power, time, number of pulses, ....)

* Metallographic optical microscope to measure the thickness
variation of the specimens

00
5000
1 1900
00 4800
80- 00
% 60-| 45001
500
n_g 40+ 4400
20- 300
1 1 1 1 {1 1
0 100 200 300 400 500 600 0- : "
Time [ms] 0 200 400 600 800 1000 4100 - i .
00:00:00,00 00:00:00,50  00:00:01,00 00:00:01,50  00:00:02,00 00:00:02,50
Time [ms]

Dugand M.M., Cura F., Sesana R., Lazzaro S. ICSI 2021 - 30 August-1 September - Virtual Conference - 8



¢ % %y Politecnico

‘;’ A% di Torino
) TTRRATIY

Specimen preparation SRR o

‘\.‘,“. Aerospace Engineering

Mﬂll.m ""
[T

* Non corroded
* 2 weeks corrosion

* 4 weeks corrosion

Al steel, laminated
One surface protected with protective film
Fog of water with 5% di NaCl
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Laser Multides system
Cooled sensor

IR cameraFLIR X6540sc

Cooled sensor

Thermal sensitivity: < 25 mK (18 mK)

Image resolution (full frame): 640x512 pixel

Max frame rate(full frame): 125 Hz Laser IPG YLP-V2 Series

sub-window resolution: 96 X 88 pixel Fibre laser

max frame rate (sub-window): 540.72 Hz Max pulse energy: 1 mJ

PotenMax power: 30 W

Power modulation: 11% + 100%

Laser beam diameter: 6mm -+ 9mm

Wave shape: pulse / pulse train
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Data processing: Lock In tests
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Data processing: Lock in tests
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Data processing: Pulsed tests
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Data processing: Pulsed tests

heating
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Results: micrographic analysis
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Results: Lock In tests

Politecnico
di Torino
Department

of Mechanical and
Aerospace Engineering

First harmonic phase

Test A

120
100
80
60
40
20

Phase

]

-20
-40
-60
-80
-100
-120

Pixel

First harmonic
phase distance

#51545760636669

Non corroded

2 weeks
4 weeks

60
55
50
45
40

Pixels

35

25
20

Test A

- —

2
Weeks of corrosion

Test E

= Non corroded
= 2 weeks
—~ 4 weeks

Phase

-100
-120

Pixel
55
50
(%]
o® _—
5 40
— Between peaks e — Between peaks
= Between valleys 30 — Between valleys

25
20
0 2 4
Weeks of corrosion

Dugand M.M., Cura F,, Sesana R., Lazzaro S.

ICSI 2021 - 30 August-1 September - Virtual Conference - 18



Results: Pulsed
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Results: Pulsed
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e AT technique in reflection configuration, and excitation on the non
corroded surface provided good results for what concerns surface
distributed defects detection

* The measurements difficulties and uncertainties are related to non
uniform corrosion distribution on the specimens and to the signal
scattering related to variation of density and of reflecting surfaces

* The optimization of the AT testing parameters allowed to set up the
robustness of the technique
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