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Abstract

It is different to detect defect in multilayer stture of an aging aircraft fuselagajlsed eddy current
(PEC) technique has been demonstrated to be caphbleantifying this defect. Based on theoretiazdlgsis
of PEC technique, the array probe is designed hadatray PEC imaging technique has been supposed to
detect corrosion in the multilayer structure. Blesting peak amplitude and the zero-crossing tifne time
domain transient signal as the imaging featurespsmn can be imaged and detected effectivelg. dtiown
that the technique has the advantage of differemging mode, fast detecting speed and quantitative
measurement and has a lighting application foremglidn the field of nondestructive testing.
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1.Introduction

Because of the multilayer structure of the agirrgraft fuselage, second layer corrosion and
hidden corrosion have been identified as major ggaircraft problems in aeronautical
nondestructive testing. Traditional ultrasonic, yadirrent and radiometric methods can detect
first layer corrosion of an aircraft structureswaver, it is difficult for these methods to detect
second layer defect. The pulsed eddy current (PE@)destructive testing method is a new
technology developed in recent years, which isefiective method that has been demonstrated
to be capable of quantifying corrosion in the settayef”. Imaging detection can get the shape
of defect and is more intuitive than traditionahdestructive testing methods, which is currently
the subject of widespread interest because ofxteleence. Imaging testing has become the
development trend of nondestructive testing appafat Nowadays, all of the PEC imaging
technique use single probe to scan the corrosieadr’, which causes long scanning times and
low scanning efficiency. The array PEC imaging taghe is proposed. This method reduces the
price of the scanning system and improves the sogrspeed. It is very adaptable in that it can
be used to detect large areas of corrosion.

2.Pulsed Eddy Current Principle
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The probe is excited with a repetitive broadbantguthe resulting transient current through
the coil induces transient eddy currents in thecspen, which is associated with highly
attenuated magnetic pulse propagating through thtemal. Physically, the pulse is broadened
and delayed as it travels deeper into the highBpelisive material. Therefore, defect or other
anomalies close to the surface will affect the eddyrent response earlier in time than deep
defect. Since a broad frequency spectrum is pradlucene pulse, the reflected signal contains
important depth information of the matelfl

Typical features such as peak and zero-crossing tre used to detect and characterize
defect. The key features of time domain PEC trarisiesponse signal are shown in Figure 1.
Because peak change with the changing of defegtheand zero-crossing time change with the
changing of defect depth, based on this princithle,time domain PEC transient response signal
is analyzed to get the quantitative informationtloé depth and length of defect. It was also
found that the peak is proportional to the amoudmnhetal loss, the more the amount of corrosion
the more the larger amplitude of the signal, tmeetiof zero-crossing has a close relationship
with the depth of corrosion, the deeper positioadie to the longer time of zero-crossing, as a
result, the quantitative information of corrosicandbe get from extracting this two features.
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Figure 1.The key features of the time domain tramsiesponse signal

3.Experimental System

The array PEC imaging system used for this worksesiad of exciting pulser, power
amplifier, signal process, data acquisition modae array probe. Figure 2 shows a schematic
diagram of the experimental system designed to ywedpulsed eddy current signals and
measure the transients affected by defect in schapecimen.
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Figure 2.The schematic diagram of the experimesysiem
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In this experimental system, Direct Digital Syntizes (DDS) chip AD7008 is used to
generate the exciting pulser, AD7008 chip is a nucady controlled oscillator employing a
32-bit phase accumulator, sine and cosine lookalgtes and a 10-bit D/A converter integrated
on single CMOS chip. Modulation capabilities ar@yded for phase modulation, frequency
modulation, and amplitude modulation. The amplituofethe exciting pulse is 15 V, the
repetition rate of the excitation is 100 Hz and thdse duration is 5 ms. Power amplifier is
employed to enhance the exciting magnetic fieldm&wsheets of aluminum are fastened by
screws to simulate multilayer structure of an agangraft fuselage. Different size of slots and
holes are machined on one sheet of aluminum, waierused to simulate the corrosion appears
in real situation. The schematic plan of specinmgeshiown in Figure 3.
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Figure 3Schematic plan of specimen

The array probe consists of one exciting coil aighhteen pick-up coils, which is shown by
Figure 4. The pick-up coils are located in the eerdt the bottom of the exciting coil, side by
side. The radius of the pick-up coil is 1mm, whighdriven synchronously to detect the
perturbed magnetic field along the scanning patte ihconsistency of pick-up coils will lead to
a change in the induction signal and a softwarepmmsation technique is used to eliminate this
effect. The transient signal of the each pick-ug msampled by 1 MHz sampling rate using
data acquisition module and recorded for the puepdff-line post processing.

H
i /
FH

Array pick-up coils

¥

Figure 4Theschematic diagrarof arrayPECprobe
4.Principle for Software Design

It can be concluded from the analysis in Sectiorthdt the peak amplitude and the
zero-crossing time of transient induced signal geawith the amount of metal loss and depth of
corrosion, which combines with functionxpfz) and u¢,b,g) to accomplish imaging testing.
The pk,y,2) is the position function, which represents theresponding coordinate of the
scanning point in the imaging area; The,lg) is the grey scale function, which is used to
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regulate the color of imaging point. In the proxes imaging testing, the coordinate of the
imaging point is determined by the position funaotip(x,y,2) firstly. Then, according to the
different imaging mode, the peak amplitude or tineetof zero-crossing is used by grey scale
function ug,b,g) to get the image of corrosion in the specimen.

Software plays an important role in the imagingeddon system, which is programmed by
Microsoft Visual C++ 6.0 and modularized frame idopted in order to upgrade software
conveniently later. Software is comprised of pareneetup, data acquisitiody scan wave
display, features extractiol® scan image display; scan image display, data saving and data
playback. The flowchart of software is shown inig 5.
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Figure 5Schematic flowchart of software

In the course of array probe scanning, the peakliardp curve of the transient induced
signal will be displayed simultaneously in the inmagregion, thereforé scan wave comes into
being. Features extraction is the baseBoand C scan imaging. The peak amplitude and the
zero-crossing time are extracted and used as themgders forB and C scan imaging, these
features are recorded in a database table. Acaprirthe relation between the zero-crossing
time and the depth of corrosion, the zero-crossimg is presented in grey scale, thus forming
the image oB scan. When the gray scale of the image is adjusyeithe peak amplitude of the
transient induced signal, the image Gf scan comes into being. For the purpose of a
countercheck later, the image will be saved afegection and can be played back in a while.

5.Results and Discussions

Six foursquare areas and six rounded areas miflelifterent sizes and depths are machined
on second layer of specimen to simulate the cosroappears in real multilayer situation.

The A scan wave is shown in Figure 6, there is a maxinamd minimum amplitude in
scanning wave, they represent the times when tbeepentered and left the corrosion area
respectively.
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Figure 6A scan wave

The imaging results d8 scan of the foursquare defect with the length @h& and depths
of 0.2mm, 0.4mm, 0.6mm and rounded defect withdiaeneter of 30mm and depths of 0.2mm,
0.4mm, 0.6mm are ranged in Figure 7 from a to ce Tmaging results oB scan of the
foursquare defect with the length of 20mm and demh0.2mm, 0.4mm, 0.6mm and rounded
defect with the diameter of 20mm and depths of 02@.4mm, 0.6mm are ranged in Figure 7
from d to f. As discussed in Section 4, the imafi@ scan depends on the features extraction,
the length and depth of corrosion has been deteuim the course of the extraction of features
and will be displayed on the software interfacetmilie B image.
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Figure 7B scan image
The imaging results o€ scan of corrosion with different lengths and depdine shown in
Figure 8. There is a calibration table from whible torresponding relation between the color of
image and the amounts of metal loss can be asgedalhe shape and severity of the corrosion
can be intuitively quantified from th€ scan imaging results. When the resultsApB andC
scan are analyzed together, the hidden corrosinrbeadetected quantitatively by the array PEC
imaging method.



Figure 8C scan image

6.Conclusion

Corrosion often appear in multilayer structure ofaging aircraft and threaten the safety of
aviation. Array pulsed eddy current imaging teclueigis used to detect the corrosion in
multilayer structure of an aircraft fuselage. Irpexment, corrosion between three and four layer
of specimen can be detected effectively at the itimmd of increasing amplitude of exciting
signal to 20 V. Compared with other methods, it c@man large areas of complex structure
without the need to change the probe. Besides pgication in the field of aeronautical
nondestructive testing, the array PEC imaging tephancan also be used in the detection of fleet,
oilcan and pipeline and will play an important raiethe field of nondestructive testing.

References

[1]3.C.Moulder, J.A.Bieber, W.W.Ward, et al. Scanned pulsed eddy timsttument for non-destructive
inspection of aging aircraft. SPIE, 1996,2945: 13

[2]R. S. Geng. Nondestructive testing in the new millennium.
Nondestructive Testing, 2001, 23(1)+3

[3]R.A.Smith, G.R.Hugo. Transient eddy current NDE for ageing aircagibilities and limitations.
Insight, 2001, 43(1): 14 25

[4]T.Clauzon, F.Thollon, A.Nicolas. Flaws Characterization Witlhsed Eddy Currents N.D.T.
IEEE TRANSACTIONS ON MAGNETICS, 1999, 35(3):18%#3876

[5]S.Giguere, B.A.Lepine, J.M.S.Dubois. Pulsed eddy current techndlbgyacterizing material
loss with gap and lift-off variations.

Res Nondestr Eval, 2001, 13: 14929

[6] A.Sophin, G.Y.Tian, D.Taylor, et al. A feature extraction technique baseulincipal component
analysis for pulsed eddy current NDT.



NDT&EInternational, 2003,36:3741.

Biographies

Feilu LUO is currently a professor in College of MechatrgniEngineering and Automation, National
University of Defense Technology, China. He recdiveés PhD degree from Tsinghua University, Beijing,
China, in 1983. His present research interestsf@mased on electromagnetic nondestructive testiligjtal
image and signal processing.

Tel: +86 731 4574994; E-mail: flluo@nudt.edu.cn

Yunze HE, born in 1983, is a Master candidate in College adchhtronics Engineering and Automation,
National University of Defense Technology, Chinae keceived his bachelor's degree from Xi'an Jiagton
University in 2006.His research interests are @cgbmagnetic nondestructive testing.

E-mail: hejicker@163.com

Binfeng YANG received his PhD degree from National Universit{pefense Technology, Changsha, China, in
2006. His research interests are focused on elaatjoetic nondestructive testing.

E-mail:bf yang@163.com


mailto:hejicker@163.com

