17th World Conference on Nondestructive Testing, 25-28 Oct 2008, Shanghai, China

Signal Processing for Guided Waves Testing Based on M agnetostrictive

Effect

Jiang XU?, Xinjun WU 2, Gongtian SHEN®, Liangyun WANG ?
@School of M echanical Science and Engineering Huazhong University of Science and
Technology,
Wuhan, 430074, P.R. China
P China Special Equipment Institute and Research College, Beijing 100013 P.R. China
Phone: +86 15872419550 Fax: +86 27 87559332 E-Mail: jiangxu@mail.hust.edu.cn

Abstract:

A design process for the signal processing method tontgnetostrictive guided waves testing
instrument is investigated. The short time Fourier frans method is used to analyze the characteristic of
the guided wave signal with a flaw in a pipe. Basedhencharacteristic of the signal, the software band
pass filter is employed to processing the signal. Theex of flaw show clearly in the signal by filtering.
Then a hardware circuit is designed to realize thisveoé filter. The performances of the two methods are
compared. The result shows that the method based on theahariilter can identify the flaws, locate the
flaws quickly which is suitable for the real time fiestion. The method based on the software filter can
clearly recognize the response of the flaws which isilfém for the post-processing. Lastly, a design
process for the signal processing method to the magnetostguitked waves testing instrument is given.
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1. Introduction

Nondestructive testing (NDT) plays an important rolanianufacturing, quality control and life
management to assure safety and reliability. In regeats, the technology of guided waves has been
applied to NDT of pipes, wires and rails widely bexmdhe technology can inspect over long distance
from a single positioH™. The signal processing method for guided wave technologiéwes studied by
many researchers. D.N. Alley® applied the high pass filter circuit or the low paidt®rf circuit to
process the signals. The short time Fourier transforrkTpand the higher order spectra method was
applied to analyze magnetostrictive generated pule-signals of a steel pipe defect by Y.M. Wihg
C.F. Hel applied the methods of wavelet transform and Wignee \fthnsform to the signal analysis of
guided wave testing of defects in a hollow sucker rod. Allaheve methods are useful to process the
guided wave testing signals, but they are incomplete andieetfienough to a guided waves testing
instrument especially a magnetostrictive guided waves testitrgiment.

Comparing with the piezoelectric technology, the magnettisti technology generating and
detecting guided waves is a non-contact method. Thereforadtteod doesn’t require preparation of the
specimen surface and removing the coatings of the ceamimen. The magnetostrictive guided wave
technology has been applied and studied by many reseafcheBuit the testing signal of the technology
is more complicated than the piezoelectricity’s. Téwson is the complexity of the magnetic fields which
would bring more noise, even some modes unexpectedly. Treerdgfe appropriate signal processing
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methods is very important for designing of the magnetosteigfivded waves testing instrument.

In this paper, the experiment setup for sampling the origin siggglen firstly. Secondly, the STFT
method is used to analyze the characteristic of théed wave signal. Thirdly, the software band pass
filter is employed to processing the signal based on the chartictefithe signal and a hardware circuit is
designed to realize the software filter. The performances dWihenethods are compared. Lastly, a design
process for the signal processing method to the magnetostguitked waves testing instrument is given.

2. Experiment setup

In the experiment, approximately the 3.2 m long, 38 mm outiadeeter, and 5 mm wall steel pipe
was used as the specimen. Figure 1 shows the dispersiom as the group velocity and frequency
relation of the pipe.
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Figure 1 Group speed dispersion curve for guided waves of a pipe3®&ithm outside diameter and 28
mm inside diameter
The transmitting and receiving coils were placed at@pprately 120mm and 1600mm distances
from the near end of the pipe respectively. The bias magmsisted of a permanent magnet bar with a
steel yoke on either end. The direction of the bias magnetic feddaong the length of the pipe. A 13.9%
loss of cross-sectional area was at 1000mm from the ndasfehe pipe. Figure 2 shows the schematic
diagram of experimental setup.
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Figure 2 Schematic diagram of experimental setup

The transmitting coil was excited by applying a sinugsbitdne burst with 120V peak to peak
amplitude with 2 cycles using a signal generator and powerfampio reduce the influence of dispersion,
the mode which was chosen for excitation in the testirthdsaxially symmetric L(0,2) mode at about
120kHz. The voltage induced in the receiving coil was areplifby approximately 66 dB). The signals
were subsequently digitized using an A/D card whichrknat 2MS/s sample rate. The signals were
synchronization acquired with duration of 10 ms whichameagt the pulse generated in the coil. The data
were then stored in a personal computer. To reduce thet eff white noises, the repeated times of each
experiment were 300 times. The origin signal obtained using theimgméisetup is shown in Figure 3.
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Figure 3 Origin signal taken from the steel pipe Figure 4 Speatrogf the origin signal

3. Analysisof origin signal

Detection of flaws includes many factors, which influetfeetransmitted guided wave signal in the
specimen under testing. The theory of elastic wave prdpagat the elastic materials shows that the
parameters of the reflected signal depend on induced! digag@iency and bandwidth, structure of the
specimen, position and shape of defects, material propefiiea given specimen, the induced signal
frequency and bandwidth is the one factor which could be controlledsigia obtained in a guided wave
testing system is generally nonstationary and difficuli¢ analyzed due to frequency dependent scattering,
attenuation and dispersion.

Since the time-frequency analysis of a signal can peovisl detailed time information at a
concerned frequency and a detailed frequency distribitoany periods of time, it should be an
appropriate tool for analyzing guided wave signal. Aofotesults about the application of time-frequency
analysis to guided wave nondestructive testing have temorted in recent years [6][7]. These studies
indicated that it was possible to obtain frequencyeddpnt characteristics in a time-frequency plane
rather than only in a time domain or in a frequency dopead these characteristics could be applied to
detect the flaws of the specimen.

A lot of time-frequency analysis methods have been develogkogroved. Although the behavior
of these methods is quite different and each has pequitgperties, STFT is one of the elementary
methods. The STFT of a signal x(t) is defined as:

STFT(t, ) = j_"; x(r)w (1 —t)e 2 dr )

wheret is time,w is a selected window function used for observing the sigghadal spectrum by
translating it along time; is time lag, and * represents complex conjugate.
The Spectrograr§(t,f) of x(t) is

o ) 2
S, f) =|STFT(, )’ =‘ j_w X(r)w (7 -t)e 2" dr @)

There are many windowed functions in actual applicationh @& the rectangular window, the
triangle window, the Hanning window, the Gauss window, the Kaiser window and Boader to reveal
the characteristic of the signal, the Kaiser window Iscded to the spectrogram transform. Because The
Kaiser window function is unique in that its shape igalde. A variable parameter defines the shape, so
the Kaiser window is unigue in being able to match precigeyattenuation you require without over



performing. The length of window is a very important parame the transform of spectrogram, because
the suitable length can provide good characteristics @ndse in the time domain and the frequency
domain at the same time. If it is overlong, the unstable infdaomavill add to the flaw information which

is unexpected. If it is shorter, the useful informationflafv will lost which will influence the result
strongly. The computable speed of the spectrogram transforsois@isidered. The length 512 is selected
to be the length of the spectrogram transform.

Figure 4 plots the contour of STFT for the actually ot#di echoes given in Figure 3. The
magnitude of the signal at each point in frequency and tamepresented by the color scale. Red
represents the maximum amplitude and blue the minimum. Biperdive characteristic of L(0,1) and
L(0,2) is revealed by the curves in the time-frequency domdich is accordance with the group speed
dispersion curve as shown in Figure 1.

Figure 4 clearly shows that the energy of the passinglsiguaiaend reflected signals is very strong
which reach the excitation frequency 120 KHz (even 150 KHhgre is a weak energy between the
passing signal and the first end reflected signal whicht iabout 0.55~0.60ms (Wave speed is about
5000m/s). In contrast with the schematic diagram of exgatal setup, the weak energy represents the
response of the flaw. The characteristic of the guidecevedgnal is that frequency components of the
defect echo correspond with the passing signal or end reflectedssign

4. Signal processing using band passfilter

For detection of defects various signal processing teubsicare already used. Based on the
characteristic of the signal and the requirement oirthieument, the simple signal processing methods are
selected which available in many conventional ultrasonimtgest

4.1 Band pass softwarefilter

The band pass software filter is based on the Matlablgigoeessing toolbox. The flat frequency
response in the pass band is required to ensure thatfthmation of flaws should be reserved after
processing. The Butterworth filter is selected becédusedesigned to have a frequency response which is
as flat as mathematically possible in the pass band8‘Tbeder Butterworth band pass filter with a center
frequency of 120 KHz, a 20 KHz wide 3 dB pass band, and a stop ditemiation of 40 dB for
frequencies below 100 KHz and above 140 KHz is designed. The siftgrafiltering is shown in Figure
5.
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Figure 5 the signal filtered by the band pass software filter



The passing signal and the end reflected signals are shdwigure 5. The flaw signal is also shown
at about 0.58ms in the figure which accords with the ffasition and the setting of sensors. The signal to
noise ratio increases obviously after filtering and phenomenon of dispersion is weakened. But the
software filter method is slower than the hardware whiclhdaomalize the real time signal processing.

4.2 Band pass hardwarefilter

The band pass hardware filter is based on max274 wharhd8 order continuous time active filter.
A hardware band pass filter which is same as above iiltdesigned by the Maxim filter design software.
The signal after filtering is shown in Figure 6.
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Figure 6 the signal filtered by the band pass hardware filter
As shown in Figure 6, the flaw signal is very clear whichild distinguish from the signal easily.
The position of the flaw is same as the signal aftemsoé filtering. The band pass hardware filter can
realize not only the flaw detection but also the real timgeadiprocessing.

5. Conclusions

A design process for the signal processing method tontgnetostrictive guided waves testing
instrument is investigated. The steps for designing the gigoeéssing method are given below:

Step 1: Analyze the characteristic of the guided wageasiby STFT, acquire the characteristic of
the signal.

Step 2: Based on the characteristic of the signal, desigftware signal processing method for the
post-processing.

Step 3: Design a hardware circuit is designed to redtieesoftware signal processing method for
the real time inspection.

Undoubtedly there are many other signal processing methodb wdikd be applied to process the
signals. Here the only a simple method for the magnetibstriguided waves testing instrument is given.
To be a complete instrument, there are many other works needdadadhe next step.
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