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Abstract

In the present study, the three components of the residkalgkeanagnetic fields from the flaws were
measured with the Ml sensor. Furthermore, finite eféraealysis for the three components of the residual
magnetic fields was carried out. From these experimentbaaalytical resultsBy showed the two pairs of
the maximum and the minimum and can evaluate the flagthe In the case of the measurement using the
residual magnetization procedure to the test piecdsthét butt weld, the signal contained the noise from the
weld metal and the geometry of the weld zone. Therethie wavelet transform signal processing was
applied to the signal for the cancellation of the noise.
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1. Introduction

The magnetic flux leakage testing with residual maga#tn has been researching by some
groups[1]-[4]. The residual magnetization would have goodctididity because magnetization equipments
are not used in the measurements. According to rewmiqus works [3]-[4], Magneto-impedance(MI) sensor
which has high resolution and high sensitivity was usedrieasuring the residual magnetic field arising from
the flaws. After the wavelet decomposition and reconitrud¢echniques were applied for cancellation of
noise, the quantitative evaluation method for surface flanestrpieces has been presented.

In the present study, the three components of the resithgetic field for the test pieces with/without
the butt welds were measured to improve the flaw sizduation. Furthermore, finite element analysis for
the three components of the residual magnetic fields waieda@aut. From these experiment and analytical
results, the detectability of the surface flaws in the test pieiteghe butt welds was discussed

2. Test pieces, the experimental procedures and the theoretical analysis
2.1 Test pieces
The main target of this study is the inspection for weld zonettoddloors of oil storage tanks.

Therefore, we used mild steel plates of 200 mm in width, 300 niem@th and 9 mm in thickness as the test



specimens. Furthermore, the test piece with the butt weld306 mm in length, 400mm in width and 9 mm
in thickness was used. The surface of the test piece withuth weld was covered with the coating of 0.6mm
in thickness. As the flaw model for cracks generated intid zone of the bottom floors, artificial flaws in
the surface of test specimens with /without the butt weld were laBtectric Discharge Machining (EDM).
These artificial flaws are parallelepiped flaws of about @5midth having various lengths and depths.

2.2 Experimental procedures

The experimental setup consisting of a Ml sensor (Aichi Sted| & controllable sensor positioner and a
test specimen is shown in Fig.1. The measurements of regdiabke magnetic field distributions have been
done by using a Ml sensor which has an active area of 3mm x 4mifter thke test pieces were magnetized
with an electrically magnetizing yoke (5200AT, Nihon Kensa Kizai Co.)if@cticurrent 9A irx direction
which was perpendicular to the flaw length, area of 40mm x 40mm arowshlas scanned with MI sensor
which was moved by controllable sensor positioner in speed 4.7 (mriits. three components of residual
leakage magnetic fields in the upper spatial domain have beematetg measured and were stored into a
personal computer.
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Fig. 1 The experimental setup for the residual
leakage magnetic fields arising from flaws

2.3 Theoretical analysisof the three components of the residual leakage magnetic fields

The three components of the residual magnetic leakage fielde been analyzed using the finite
element method. The software used by the analysis veag\N®t (Infolytica Corp.). The analytical model
was the same as the experimental condition. BFivecurve for the mild steel was measured to obtain the
intensity of the residual magnetic field and the magation of 0.8 T was applied to the test pieces in the
analytical model to simulate the residual magnetization condition.

3. Experimental and analytical results and discussion

Measurements @x, By andBz were conducted by scanning with the Ml sensor in spatial domain around
flaws. The measured results contained the low and high fieguwise. Therefore, Wavelet decomposition
and reconstruction techniques were carried out for catioallef these noises. After the signal processing,
the distribution profiles oBx, By andBz vs sensor's position were obtained as shown in Fig. 2.  Fig. 3 shows



the analytical results for the flaw of 15mm in length and 6mm ithdeprhe amplitude of the flaw signals in
these figures normalized by the amplitude of the experimanththe analytical results obtained from the flaw
of 0.5mm in width, 5mm in length and 2mm in depth respectively. aAde seen from these resuBis,
showed the maximum at the center of flaw Badghowed to be symmetric with respect to the center of
parallelepiped flaws. These components are usually used foathsifle evaluation. InterestingBy

showed the two pairs of the maximum and the minimum, which wererith points of the flaw length.  This
experimental finding coincided with the reference [5]. The sedatal for the flaws with various lengths was

measured and thel faw length with respect to the distance between the pairs pfakienum and minimum

was arranged. The correlation was excellent and the flanhleagtevaluate from thgy distributions.
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Fig. 2 The experimental results measured from e 6f 0.5mm in width,
15mm in length and 6mm in depth
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Fig. 3 The analytical results for the flaw of O/Bnm width,
15mm in length and 6mm in depth

4. M easurement for theflaw in the test piece with the butt weld and the coating

Bx, By, andBz was measured for the flaws in the test piece with the taltt and the coating. The signal
processing was applied to the obtained data as weheasesults of Fig.2. The processed data was still
containing the signal generated from the butt weld. The Hatioe of the butt weld signal was carried out
by subtracting the signal measured from the test pietteouti the flaw. They are shown Kg. 4. The
amplitude of the flaw signals in the figure normalizecthy same amplitude used in of Fig. 2. As a result,
the flaws made by EDM in the butt weld were detectedding the three components of the residual leakage
magnetic fields. The research of the flaw size evimoahethod for surface flaws in the test piece with the



butt weld is underway.
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Fig. 4 The experimental results measured fromlve 6f 0.5mm in width,
18mm in length and 6mm in depth in the test pigite the butt weld

5. Conclusions

The three components of the residual leakage magnédtls &eising from the flaws were measured with
the MI sensor. By showed two pairs of the maximum and the minimum, which wererttigooints of the flaw
length. It was suitable for the flaw length evaluatioMoreover, the test specimen with the butt weld and
the coating were measured by the Ml sensor. It weer ¢hat the flaws were detected by the cancellation of
the butt weld signal and the signal processing.

References

[1] Babbar, V. and L. Clapham, Residual Magnetic Flux Leakaf Possible Tool for Studying Pipeline
Defects. Journal of Nondestructive Evaluation, 2003. 22(4): pp. 117-125.

[2]Makar, J. and R. Desnoyers, Magnetic field techniques for the iimpet steel under concrete cover. NDT
and E International, 2001. 34(7): pp. 445-56.

[3] Kasai, N., T. Mizoguchi, and K. Sekine, The MFL techniquesfaface flaws using residual magnetization
method with the MI (magneto-impedance) sensor. 16th WCNDT, 2004.

[4] Kasai, N., T. Mizoguchi, and K. Sekine, The Residual M&agrdtx Leakage Technique for Surface Flaws
with the Magneto-Impedance Sensor and Wavelet Analysigndl of High Pressure Institute of Japan,
2006. 44(1): pp. 47-54.

[5]Li, Y., J. Wilson, and G.Y. Tian, Experiment and simulation stafi§D magnetic field sensing for magnetic
flux leakage defect characterisation. NDT and E International, 2002). #@(179-184



