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Motivation
➢
➢

➢

Civil air transport volume increases every year
(×2 from 2008 to 2017)1
New aircrafts with a high weight percentage of
composite have been developed (e.g. more than
50% in Airbus A350)2
More efficient and fast inspection procedures
are desirable

(2)


The improvement and the optimization of NDT techniques for
complex structures and composite materials

Results are easily extended and exploited in other industrial
applications
(1)
(2)

https://www.icao.int/annual-report-2017/Pages/the-world-of-air-transport-in-2017.aspx
J. Bachman, ‘Environmental analysis of innovative sustainable composites with potential use in aviation sector—A life cycle assessment review’ ,
Science China Technological Sciences 60(9)
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Goals
➢

Improving InfraRed Thermography (IRT) by:
▪ Developing imaging procedures based on optimized coded
excitation signals & ‘Pulse-Compression’
▪ Implementing post-processing algorithms on images to increase
defect detection capability
▪ Developing automatic defect detection protocols through
feature extraction algorithms
▪ Tailoring and optimizing the whole procedure to cope with
composite parts

➢

Main tasks:
i. Realization of the software → signal and image processing
algorithms
ii. Realization of the hardware

4

What is Infrared Thermography?
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What is Infrared Thermography?

➢

External application of energy by a heat
source without damaging the sample and
contactless

➢

A heat flow is usually generated from
the surface into the volume of the
sample

➢

Inner defects (inhomogeneities in
geometry, specific heat, density, heat
conductance) alter the heat flow

➢

Surface temperature 𝑇(𝑥, 𝑦, 𝑡) is detected
with an infrared (IR) camera
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Thermal Waves and Heat Diffusion

➢

➢

➢

➢
➢

Ångström method: method of
determining the thermal
conductivity of bodies
In 1863, Ångström described an
experiment to generate and
measure ‘Thermal Waves’
Measurement of the phase shift
of the two thermometers
mounted inside the metal bar
Determined the thermal
conductivity of the bar
Thermal waves can be
formulated mathematically

Heat Diffusion
Main formulation

Fourier’s law

Thermal equation
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What is Pulse-Compression (PuC)?
➢
➢
➢

Historically PuC was introduced in RADAR to increase the Signalto-Noise ratio of the measurement (better results)
Basic assumption: Linearity and time invariance (LTI)
Based on using:
• Coded signals
• Frequency- or Phase-modulated
• Mathematical process on the signals to obtain the impulse
response (matched filter and convolution)

𝑦 𝑡 = ℎ 𝑡 ⨂𝛿 𝑡
𝛿(𝑡)
Input

LTI
System
ℎ 𝑡
Impulse
Response

𝑦(𝑡)
Output
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Experimental Setups
LED + PuC (PuCT)
- University of Perugia
- Custom-made LED setup
- Any type of excitation possible
- Two LED arrangements
- Surface, Only heat diffusion
1.

2.

EC Pulsed Thermography (ECPT)

- Newcastle University
- Eddy Current excitation
- Conventionally short or long pulse
- Pulse replaced with binary sequence
- Adding PuC process → ECPuCT
- Volume, Heat and EC diffusion
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Experimental Setups

LED + PuC (PuCT)
- University of Perugia
1.

2.

EC Pulsed Thermography (ECPT)

- Newcastle University
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Benchmark Samples

•
•
•
•
•

12 plies CFRP plates
Woven fabric
Dimensions: 150×100×4.2 mm
Defect type: Impact Damage of 8 J
Hemispherical bumper head of 20 mm
diameter and mass equal to 2.045 kg.

•
•
•
•
•
•

12 plies CFRP
Woven fabric
Dimensions: 200×200×2.8 mm
Defect type: Delamination
Defect dimensions: 20×20 mm
Defect depths: 0.46 mm to 2.3 mm (step
~ 0.23 mm)
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IRT combined with PuC
PT- Flash lamp (high power)

PuCT- LED (low power)

➢
➢

Pulsed IRT is the ‘golden standard’, but uses high power sources (some kJ)
PuCT output, i.e. defect detection capability, can be improved by:
▪ Selection of signal; chirp or binary sequences
▪ Optimizing PuC process
12

IRT Results- PuCT vs. ECPuCT
Retrieved impulse response h(t)

ECPuCT, h(t) time analysis

1
PuCT, LED source

2

PuCT, h(t) time analysis

1

2
ECPuCT, EC coil
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IRT Results – Delamination depth evaluation
PuC was applied on ECPT leading to ECPuCT
➢ Advantage was significant improvement in signal-to-noise ratio
➢ Some feature extraction techniques applied
➢

Q. Yi, G.Y. Tian, H. Malekmohammadi, J. Zhu, S. Laureti, M. Ricci, , ‘New features for delamination depth evaluation in carbon fiber reinforced
plastic materials using eddy current pulse-compression thermography’. NDT&E International, 2019
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IRT Results – Delamination depth evaluation
Evaluation of delamination depth using K-PCA and crossing point features
Enhanced thermal pattern D1~D9

Crossing point feature obtained from mean value of selected
impulse responses in reflection mode

Obtaining enhanced pattern by subtraction of
PC2 & PC3 projected patterns

Q. Yi, G.Y. Tian, H. Malekmohammadi, J. Zhu, S. Laureti, M. Ricci, , ‘New features for delamination depth evaluation in carbon
fiber reinforced plastic materials using eddy current pulse-compression thermography’. NDT&E International, 2019
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Conclusion and Perspectives

▪
▪
▪
▪
▪
▪

▪
▪
▪

▪

Inspection of CFRP composites is essential in aerospace safety
Reliable NDT methods are required
Active Infrared Thermography is beneficial:
→ Contactless, Fast, Qualitative/Quantitative Evaluation
PuC can help improving the Active IRT
PuC can be exploited on LED and EC excitation (ECPuCT)
Samples with most important defect types were tested and results were
validated
Feature extraction techniques in combination with ECPuCT allow to retrieve
more information about defect type and depth
In sensitive applications like aerospace, the complex parts can be evaluated
Tunable nature of coded signals were successfully verified through various
techniques and combinations leading to easy characterization of defects as the
main goal of this project
Future work can exploit more advanced algorithms to automatically detect and
sort defects with less dependency on operator and higher speed
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