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COMMUNICATIONS

Magnetic field gradient as the most useful signal
for detection of flaws using MFL technique

Zbigniew Usarek, Marek Chmielewski, Leszek Piotrowski
∗

The magnetic flux leakage (MFL) technique is extensively used for detection of flaws as well as for evaluation of their
dimensions in ferromagnetic materials. However, proper analysis of the MFL signal is hindered by the MFL sensor velocity
causing distortions of this signal. Traditionally measured components of the MFL signal are particularly sensitive to the
scanning velocity. In this paper, an another signal – the gradient of the normal component of magnetic flux density –
was proposed as it is less sensitive to the scanning velocity. Results obtained for scans of the steel plate with artificially
manufactured flaws confirm this statement.
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1 Introduction

MFL technique is a non-destructive testing method
commonly used for finding flaws eg metal losses caused
by corrosion in steel constructions [1]. MFL method in-
volves the use of a source of a strong magnetic flux, such
as neodymium magnets, for magnetizing an object under
investigation. The magnetic flux leaks from the object in
the location of a flaw. Thus, the flaw can be detected by
an MFL tool equipped with magnetic field sensors. Most
MFL tools measure one or more components of magnetic
flux density B . With respect to the scanned surface and
the direction of scanning one can define three compo-
nents of B : tangential (Bx), transverse (By), and normal
(Bz). Parameters such as a magnitude and a spatial dis-
tribution of these components depend on a shape of the
flaw. Therefore, these components can be used to detect
flaws as well as to evaluate their dimensions.

It has been reported that signals obtained for the
aforementioned components are distorted by the scanning

velocity [2–4]. As a result, an estimation of flaw dimen-
sions is less accurate. This issue is crucial in the case of
the pipeline in-line inspection, where the scanning veloc-
ity is out of control. Different methods can be undertaken
to deal with MFL signal distortions caused by the veloc-
ity. Most of them are based on a proper signal processing
leading to restoration of the static form of the signal [4–6].
Other method assumes optimization of an MFL tool de-
sign in order to minimize the velocity impact [3]. In this
work, another approach was proposed. This approach is
based on the measurement of an additional quantity that
is less vulnerable to the velocity impact. The gradient
of the normal component measured along the scanning
direction (∂Bz/∂x) was proposed as a complementary
signal component.

2 Experimental details

The experiment was carried out for a plate made of
18G2A (S355) steel grade. Four artificial flaws were milled

Fig. 1. The steel plate with artificially manufactured flaws in the form of a rectangular slot
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Fig. 2. (a)the MFL tool and(b)an array of hall effect sensors designed for scanning the defected surface of the steel plate

Fig. 3. Results of a steel plate scanning for the channel closest to the centre of flaws. (a) – velocity dependence on displacement of the
MFL tool and (b) – waveforms of components of the MFL signal

on one of plate surfaces. Each flaw had a different depth.
Dimensions of the plate and the flaws are presented in
Fig. 1.

Figure 2(a) presents the MFL tool used in the experi-
ment which was comprised of three magnetizers with two
wheels each, a digital encoder, and a measurement mod-
ule. Each magnetizer consisted of two neodymium mag-
nets connected by a steel beam and was a source of the
magnetic flux that magnetized the plate. The digital en-
coder provided information about the displacement of the
MFL tool, and thus also about its velocity. The measure-
ment module was comprised of ten units, each contain-
ing three linear Hall effect sensors A1324, as shown in
Fig. 2(b). Each channel measured three voltage signals:
Bx sensor output, Bz1 sensor output, difference of Bz2

and Bz1 outputs.

3 Results

The velocity of the MFL tool, as a function of its dis-
placement, and the corresponding MFL signal are pre-
sented in Fig. 3. The velocity was not constant during the
measurement, as can be seen in Fig. 3(a). Waveforms of
three measured components of the MFL signal are placed
together in Fig. 3(b). Spikes that are visible on all the
waveforms are characteristic features of the MFL signal.
These spikes indicate locations of flaws in the investigated

steel plate. They also can be used for evaluation of flaw di-
mensions ie for the quantitative analysis. Accuracy of the
quantitative evaluation is strongly dependent on shape
distortions of a signal portion measured in the vicinity of
a flaw. In the case under consideration, waveforms of all
three components of the MFL signal are affected by the
variable velocity. However, the velocity impact varies be-
tween the components. Based on the results presented in
Fig. 3(b) one can state that Bz is the most dependent on
velocity. The shape of the baseline of Bz is very similar to
the shape of the velocity curve. Therefore, one can state
that the baseline of Bz is proportional to the velocity.

Waveforms of the particular signal components for two
average velocities are presented separately in Fig. 4 due
to a different velocity impact on each of them. Values
of the signal components are expressed in their physical
units. The faster measurement (1.2 m/s) corresponds to
the results shown in Fig. 3. A comparison of two wave-
forms presented in Fig. 4(a) leads to the conclusion that
Bx , similarly to Bz , changes proportionally to the veloc-
ity, although the offset of Bx caused by the velocity is
lower than for Bz . Results for Bz presented in Fig. 4(b)
confirm that this component is the most dependent on
the velocity. Figure 4(c) shows that the gradient of Bz

is much less affected by the velocity as compared to the
other two measured signal components, as waveforms of
∂Bz/∂x for two compared measurements are very close
to each other.
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Fig. 4. Comparison of waveforms for (a) – the tangential compo-
nent, (b) – the normal component, and (c) – the gradient obtained

for different values of average velocity of the MFL tool

Fig. 5. Comparison of waveforms for (a) – the tangential compo-
nent, (b) – the normal component, and (c) – the gradient obtained
for different values of acceleration of the MFL tool. Portions of the
signals obtained in the vicinity of the 2 mm deep flaw are presented

As the MFL signal is velocity-dependent, also a non-

zero acceleration can significantly influence waveforms of

the signal components. During a single measurement the

velocity of the MFL tool was initially ramped to a target

value. As a consequence, the initial stage of a measure-

ment was accompanied by a significant acceleration. Tak-

ing advantage of this fact, Fig. 5 shows the initial portion

of the signal presented in Fig. 4, which are associated with

the shallowest flaw. Two presented measurements differ

in average value of the acceleration.

As can be seen in Fig. 5(a), the waveform of Bx corre-

sponding to a = 0.75m/s2 has the higher velocity-related

offset and the higher slope of the baseline than the wave-
form corresponding to a = 0.24m/s2 . Figure 5(b) shows

that the effect of an additional linear contribution to a

signal is even more clear for Bz . In the case of a non-

zero acceleration, the waveform of ∂Bz/∂x is distorted

as well, but only slightly, as can be seen in Fig. 5(c). The

waveform corresponding to a = 0.75m/s2 has the off-

set with respect to the waveform which corresponds to
a = 0.24m/s2 . These results confirm observation about
linear contribution to Bz for nearly constant accelera-
tion. Due to derivation this contribution is transformed
to an offset of ∂Bz/∂x , what is corroborated by results
presented in Fig. 5(c).

4 Discussion

Based on the presented results, one can observe that
waveforms of Bx and Bz are velocity dependent. A re-
sult of a non-zero velocity is an offset of these two signal
components. This effect is around five times stronger for
Bz than for Bx . Observed offsets indicate that there is a
change in the magnetic field distribution above the sur-
face of the sample, which means that a change of sample
magnetization occurs during a measurement. Changes of
the both magnetic induction components are proportional
to the scanning velocity. Responsible for this effect is the
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velocity-induced eddy current that exists under poles of a

magnetizer yoke [2, 4, 7]. This eddy current, according to

Faraday law of induction, is directly proportional to the

relative velocity of the yoke with respect to the sample.

The MFL signal can be distorted also by the eddy current

induced in the vicinity of a flaw [8]. This type of the eddy

current was not considered in presented analysis, but this
issue will be a part of future works.

In a more complex case, where the scanning velocity

is not constant, distortions of waveform shapes occur. It

is significant problem from the point of view of the signal

quantitative analysis. Among all measured MFL compo-

nents, the gradient ∂Bz/∂x is the least susceptible to

a non-zero acceleration of the MFL tool. In the case of

∂Bz/∂x a constant acceleration results in a DC offset

proportional to this acceleration. However, the accelera-

tion effect on ∂Bz/∂x is weaker than the velocity effect

on Bx and Bz , as can be deduced from Fig. 5.

5 Conclusion

A non-zero constant velocity of the MFL tool results

in a DC offset of the tangential (Bx) as well as the nor-

mal (Bz) component of the MFL signal. This can lead

to a situation in which peaks may extend beyond the sig-

nal operating range. In contrast to the aforementioned

signal components, the gradient of the normal compo-

nent (∂Bz/∂x ,) does not exhibit such a property, which
makes the gradient most promising candidate for quanti-

tative analysis of the MFL signal. Future works will focus

on the influence of the velocity and the acceleration on

evaluation of flaw dimensions, taking into account three

signal components presented in this work.
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