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Abstract
This work investigates the influence of acceleration on the leakage signal in magnetic flux leakage type of non-destructive
testing. The research is addressed through both designed experiments and simulations. The results showed that the leakage
signal, represented by using peak to peak value, decreases between 15.1% and 26.6% under acceleration. The simulation
results indicated that the main reason for the decrease is due to the difference in the distortion of the magnetic field for cases
with and without acceleration, which is the result of the different eddy current distributions in the specimen. The findings will
help to allow the optimisation of a magnetic flux leakage system to ensure that main defect features can be measured more
accurately during the machine acceleration phase of scanning. It also shows the importance of conducting measurements at
constant velocity, wherever possible.
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1 Introduction

Non-destructive testing (NDT) covers a whole range of
techniques that can help prevent disasters similar to the
Buncefield incident [1]. Many NDT methods have been
developed. Here, we only focus on the magnetic flux leakage
(MFL) method [2], as applied to the inspection of bulk liquid
storage tank floors. For such inspection, MFL systems are
employed to detect and record locations of material losses
normally due to corrosion. MFL systems are suitable for the
detection of material losses which are as small as a few mil-
limetres in diameter in areas which typically exceed 100 m2

[3].
MFL systems havemany advantages including their speed

of operation [4]. However, it is worth pointing out that some-
times themagnet and sensors are sensitive to lift off variations
from the settlement and construction of the tank floor which
is a consequence of the environment. The principle of the
MFL method is based on the following: when a magnetic
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field is applied to a ferromagnetic material, the discontinuity
of the geometry (ferromagnetic material) causes the leakage
of the magnetic field and this leakage can be captured by
magnetic sensors [5], such as Hall probe etc.. The main rea-
son for the leakage is due to the difference of the magnetic
permeability of the mediums at the interface. This leakage
signal is usually used to predict the defect features: the defect
characteristics, such as shapes, dimensions and locations, can
be determined by the leakage signals. It should be noted that
the MFL inspection process is a transient process and the
leakage signal is influenced by the scanning velocity. This
is due to the generated eddy currents in the conducting per-
meable specimens due to a moving magnet. The magnetic
Reynolds number for this type of problem is of the order
of hundreds (>> 1), which indicates that the effect of eddy
currents cannot be neglected [6].

Snarskii et al. [7] developed an integral equation model,
for a given defect, to calculate the leakage signal. Com-
pared to the previous finite element method (FEM) model,
this method is more efficient with a shorter simulation time.
Altschuler E. and Pignotti A. [8] investigated the optimisa-
tion of the applied field to detect the defect and to determine
the difficulty of examining an internal flaw. Huang et al. [9]
discussed the relationships between the 3D defect parame-
ters and theMFL signals: e.g. the lift-off value influence. The
results also indicated that 3D simulations give more accurate
geometry description of defects, compared to 2D simula-
tions. The main research on the influence of the scanning
velocity on the leakage signal is summarised in Table 1.

It shows that the different excitation sources and scan-
ning velocity of the investigatedMFL systems [10–22], [26],
[29]. The research work also showed a trend of study meth-
ods in terms of theMFL phenomenon, through combinations
of modelling and experimentation. In each publication, the
results showed that the leakage signal decreases as the
scanning velocity is increased. However, Wang et al. [23]
determined that themagnitude of the leakage signal increases
as the scanning velocity is increased for near side defects,
which is contradictory to the previous results. Pullen et al.
[28] further investigated the results obtained by Wang et al.
and explained that the main reason for their finding was the
saturation issue: if the plate is not saturated, the near side
defect responses are amplified and this results in the increased
leakage amplitude when the velocity is increased. Pullen et
al. also found that as velocity is increased, the distribution
of the induced flux becomes more focussed on the near side,
which agrees with the findings of Feng et al. [30]. This result
further indicates that the far-side defect is difficult to mea-
sure for a thick plate at higher scanning velocity. For a high
scanning velocity, the sensor location is critical in order to
measure the leakage accurately [31,32]. The distortion of the
magnetic field can cause the displacement of the maximum
peak to peak location, towards the rear pole of the system, as

discussed by Zhang et al. [24]. This result was also demon-
strated by Antipov [27]: the sensor is better located nearer
to the rear pole, especially for higher scanning velocity. To
compensate for the leakage signal reduction due to the veloc-
ity effect, Park et al. [17] developed a scheme to eliminate the
velocity induced signal distortion. Lei et al. [33] also inves-
tigated the compensation scheme based on the Radial Basis
Function (RBF) method. The above short review shows that
the scanning system’s acceleration was not considered in any
of the previous research.

In practice, there are at least three stages, in terms of
machine velocity, whilst the machine is measuring a spec-
imen: the acceleration stage, the constant velocity scanning
stage and the decelerating stage. Figure 1a is an exaggerated
illustration of the 3 stages of a scanwhere region (I) illustrates
the acceleration, (II) represents the region of constant veloc-
ity, (III) the deceleration phase. Each sinusoidal response at
each stage comes from a defect of the same geometry.

From the short literature review above, all previous
research has focused on the steady scanning stage (stage II
in the Figure 1). This opens the important questions:

– Does an accelerating MFL scanner influence the leakage
signal?

– If yes, does the peak to peak measurement of the cor-
responding MFL defect signature vary with respect to
acceleration magnitudes [34]?

The main novelty of this work is to provide an answer to
these two questions through both modelling and experimen-
tal methods by following the trend indicated in Table 1. This
paper focuses on contrasting MFL signals from the same
defects when in stages (I) and (II) in an attempt to ascertain
whether the response differs with acceleration of the mag-
netic system. Figure 1b presents a recordedMFL signal from
a set of four semi-spherical defects ranging in depths of 80%,
60%, 40% and 20% from left to right. Notice the acceleration
and deceleration phases toward the end and start of the MFL
signal. In this paper the deceleration stage is not considered.
Answering these two questions will help to optimize the sys-
tem to ensure that defect features that are scanned whilst
the machine is accelerating can be measured accurately. A
possible explanation as to why no previous work has been
published on this subject is that the time of the acceleration
and deceleration stages is short: approximately within 1 sec-
ond, depending on the final velocity. In bulk storage tank
inspection, many scans are conducted with many starts and
stops. This is due to the relatively small plate geometries, in
the region of tens of meters as compared to the kilometres of
scanning in piggable pipeline applications.

The present paper is organised as follows. The experimen-
tal set-up and the procedures are introduced in Sect. 2.1. The
numerical set-up is discussed in Sect. 2.2. The results are pre-
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Table 1 Main research of
velocity influence on the
leakage signal for MFL type
NDT. In the study type column,
M and E denote modeling and
experiment. In the velocity
column, the values denote the
maximum velocity magnitude
used in the work in m/s

Year Authors Study type Velocity Excitation Acceleration

1992 Niikura et al. [10] M 138.9 Coil No

1993 Shin et al. [11] M 5 Coil No

1994 Sun et al. [12] M 20 Coil No

1995 Katragadda et al. [13] M 8.3 Magnet No

1996 Katragadda et al. [14] M 5 Magnet No

1996 Mandayam et al. [15] M 3.5 - No

1997 Shin et al. [16] M 5 Coil No

2004 Park et al. [17] M 4 Magnet No

2006 Li et al. [18] M 30 Coil No

2008 Du et al. [19] M 10 Coil No

2011 Chen et al. [20] M 50 Coil No

2011 Gan et al. [21] M 40 Magnet No

2014 Antipov et al. [22] E 16.7 Coil No

2014 Wang et al. [23] M & E 55 Coil No

2015 Zhang et al. [24] M 20 Magnet No

2015 Liu et al. [25] M & E - Magnet No

2017 Lu et al. [26] M & E 3 Magnet No

2018 Antipov et al. [27] M & E 22.2 Coil No

2018 Pullen et al. [28] M & E 3 Magnet No

Fig. 1 (a) A diagram of the
whole inspection (scanning)
process and: (I) MFL system
accelerating stage, (II) constant
scanning stage and (III)
decelerating stage. The blue
curve represents the leakage
signal. (b) Leakage signal (blue
curve) responses for different
depth of the defect: 80%
represents the defect depth is
80% of the inspection plate
thickness

e e

sented in Sect. 3, including the backgroundmagnetic field for
different scanning speed, the overview of leakage signal for
both with and without system acceleration and the acceler-
ation effect. Finally, the discussion and the conclusions are
given in Sect. 4.

2 Methodology and Experiment Set-Up

2.1 Experimental Facilities, Set-Up and Procedures

The adopted experimental facilities are identical to the work
of Pullen et.al. [28], however the experimental procedures
are different: the MFL scanning acceleration is considered.
The facilities set-up is shown in Figure 2.

A commercial magnetic flux leakage system was adapted
to conduct the experiments [35,36]. The magnetic yoke in
this design is asymmetric so that an additional set ofmagnetic
sensors are used to measure changes in the magnetic field in
the air gap between the pole and the test surface. These sen-
sors primarilymeasure near-side only flaws.When combined
with MFL, which detects both near and far-side defects, then
the originating surface of the flaw can be determined. The
machine has a scanning velocity magnitude range between
0.5 m/s and 1 m/s. A high-resolution magnetic sensor array
comprising of 64 channels is placed between the poles with
fixed lift-off values relative to the specimen and the signal
is transferred to the data acquisition system. A 1010 grade
mild steel plate (0.5 m × 1.15 m × 6 mm) was chosen as
the specimen. The reason for this selection is that 1010 grade
steel is a typical parent material for storage tank floors and
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Fig. 2 The experimental facilities and set-up: (i) modified Floormap
3Di, (ii) EddyfiEctane2multitechnology test instrument and (iii) Eddyfi
Ectane data acquisition and magnifi analysis software

this thickness ensures the plate can be saturated under the
current MFL assembly [3]. Four artificial cone shape defects
weremanufacturedwith themaximumdefect depths: 1.2mm
(20%of plate thickness 6mm), 2.4mm (40%), 3.6mm (60%)
and 4.8 mm (80%), respectively. The artificial defect shapes
are in accordance with width to depth ratios described in API
Standard 653 [37]. The defects are uniformly distributed at
intervals of 0.1 m. The MFL system’s velocity and acceler-
ation were determined from data captured using a position
encoder.

Three sets of experimental trials (Trial A, B & C) were
conducted and they are summarised as follows:

1. Trial A: the machine was used to measure the magnetic
flux leakage from a defect free specimen at three scan-
ning velocities magnitudes (0.5 m/s, 0.75 m/s and 1 m/s).
The aim for Trial A was to determine the background
magnetic field for typical measurement velocities. The
constant speed can be pre-set by MFL system.

2. Trial B: the machine was used to measure the magnetic
flux leakage from a specimen with defects at three scan-
ning velocities magnitudes (0.5 m/s, 0.75 m/s and 1 m/s).
The aim for Trial B was to determine the magnetic flux
leakage for defects at different constant velocities.

3. Trial C: the machine was used to measure a specimen
with defects. The experiments were performed such that
the system was accelerating when the sensor was passing
over the defects. The aim for Trial C was to determine the
magnetic flux leakage using an acceleratingMFL system.
The velocity and acceleration were calculated using the
results from the position encoder. The position encoder
records the position at a given frequency. This allowed

y

o x

Fig. 3 Diagram of the experiment (not scaled): the MFL system is
moving and the plate is fixed.Ωm andΩs denote the domains of magnet
and the steel, respectively

the distance moved for a given time to be calculated, and
the resulting velocity to be calculated. To determine the
acceleration the change in velocity was calculated for a
given time.

For Trials B and C, the leakage was obtained from all four
defect depths (1.2 mm, 2.4 mm, 3.6 mm and 4.8 mm) located
as both top (near side) and bottom (far side) surface defects.

2.2 Numerical Set-Up

Figure 3 shows the diagram of experiment.
For the eddy current problem involving a conductor, the

Maxwell equations simplify to:

∇ × E = −∂B
∂t

, (1)

∇ × H = σE + σ(V × B), (2)

∇ · B = 0, (3)

whereE,B, t ,H,σ ,V are electric field,magnetic flux density,
time,magnetic field, the electric conductivity and themoving
system velocity, respectively. The transmission conditions
which apply at the material interfaces are:

[n × H] = 0, (4)

[n × E] = 0, (5)

where n is the unit vector outward normal and ‘[ ]’ denotes
the jump (e.g. between the plate and free space). The decay
condition, applied on the interface between conducting and
non-conducting regions, is:

H = O(|x|−1), as |x| → ∞, (6)

where x is the coordinate vector. NdFe52 is selected as the
magnetmaterial and steel 1010 is selected as the bridge, poles
and the plate’s material. Figure 4 shows the B-H curve for
steel 1010.

It shows the non-linear constitutive behaviour, B =B(H)
inΩs . InΩm , we have the linear constitutive relationship B=
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Fig. 4 B-H curve for steel 1010. Steel 1010 is adopted as the specimen
material

μrμ0H with μr =1.43 and in IR3 \ (Ωs ∪ Ωm) then we have
simple relationship B= μ0H where μ0 is the permeability of
free space.

The governing equations for the modelled problem are as
follows:

∇ × σ−1
s ∇ × H + ∂B(H)

∂t
= 0 in Ωs, (7)

∇ × H = ∇ × Hc in Ωm, (8)

∇ × H = 0 in IR3 \ (Ωm ∪ Ωs), (9)

∇ · B = 0 in IR3. (10)

The transmission and decay conditions are as in Eq.4, 5 and
6. For the current case, we have σs = 2×106 S/m and |Hc|=
7.96×105 A/m.

2.2.1 Two-Dimensional Simulation

In 2D a vector potential formulation of Eq. 7, 8 and 9 are
adopted such that B = ∇× A where A is vector potential in
the form A= Az(x,y) ez , where ez is the unit vector along z
direction. Figure 5 shows the diagram of simulation.

The decay condition (Eq. 6) is approximated by the bal-
loon boundary condition [38], applied on the region edges,
in the simulation: the z component of the magnetic vector
potential, Az , goes to zero at infinity. Note that in the simu-
lations the bridge is fixed in position and the plate is moving,
which is the opposite to the real situation. However, the over-
all effect is the same.

We employ ANSYS Maxwell finite element package for
the approximate solution of the system described above. This
includes a Newton-Raphson algorithm for dealing with the
non-linear constitutive relationship inΩs .We set the required
tolerance for this iterative scheme to be such that the relative
residual is smaller than 0.0001. Time integration of the tran-
sient system is achieved by Runge-Kutta scheme (third order
accurate in time). In the work of Zhang etc. [24] a mesh size

sensitivity for a similar problem has already been conducted.
It was established that aminimummesh (mesh type: triangle)
density of 0.5 mm (element maximum length between two
poles) and a time step size of 0.0005 s is sufficient to achieve
reliable results for this problem and is employed also here.

2.2.2 Three-Dimensional Simulation

The simulation of the 3D problem is also performed using the
ANSYSMaxwell solver using a similar setup to the 2D prob-
lems described in Sect. 2.2.1 apart from the use of physical
fields rather than a vector potential formulation. Compared to
the 2D balloon conditions, zero tangential H field is applied
at the region surfaces and the domain is chosen to be suffi-
cient large. Since the problem has a symmetry to x − y plane,
only half the problem is modelled to reduce computational
expense. Therefore, a symmetry boundary condition (mag-
netic flux tangential) is applied at the middle surface of the
whole domain. For this 3D complicated geometry problem, it
is hard to conduct themesh sensitivity test. Aminimummesh
(mesh type: tetrahedron) density of 1mm (elementmaximum
length between two poles). The simulation time step is 0.001
s. Newton-Raphson algorithm for dealingwith the non-linear
constitutive relationship in Ωs and the nonlinear residual is
0.005.

3 Results

To answer the questions raised in Sec.1, the influence of the
MFL system scanning acceleration on the leakage signal was
studied both through experiments and numerical simulations.

3.1 BackgroundMagnetic Field

We first conducted the experiment Trial A, as mentioned in
Sec.2.1. The commercial machine Floormap 3Di was used to
scan a plate without defect at different scanning velocities:
0.5 m/s, 0.75 m/s and 1 m/s, respectively. Figure 6 showed
the leakage signals variations with scanning location.

Experimentally, as showed in Figure 6a, the results indi-
cated that leakage signals (axis component: By), represented
by the voltage, were approximately constant when the sys-
tem was moving with a given velocity: e.g. the scan position
(x) was after 1100 mm. Small fluctuations appeared due to
the specimen surface condition. Constant signals indicated
that By retained a constant magnitude whilst scanning the
defect free plate. Further, voltage magnitude increased as the
scanning velocity was increased.

Furthermore, 2D simulationswere conductedwith the aim
to gain an understanding into the mechanisms causing the
results. In order to comparewith the experiment results, scan-
ning velocity magnitudes of 0.5 m/s, 0.75m/s and 1m/s were
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Fig. 5 Diagram of the problem
domains for modelling: region is
the simulation domain and the
objects in the band area can be
assigned a moving velocity

Fig. 6 The leakage signal
distribution for a defect-free at
different scanning velocities. (a)
Experimental results obtained
from Trail A and (b) numerical
simulation results. For (b), The
static case (circle) was only
simulated at one position at
x=25 mm

0

0.2

0.4

0.6

0.8

1

1.2

 x, mm

V
ol

ta
ge

, V

0.5 m/s
0.75 m/s
1 m/s

(a)

300 600 900 1200 1500 0 10 20 30 40
0.0055

0.006

0.0065

0.007

x, mm

B
y, T

static
0.5 m/s
0.75 m/s
1 m/s

(b)

simulated.Also, a static casewas simulated as a baseline. Fig-
ure 6b shows simulation results of By at different constant
scanning velocities for a defect free specimen. It depicted that
By increased as the scanning velocity was increased, which
was in an agreement with the experimental results. Figure 7
shows the magnetic flux line distributions for the static and
transient (velocity magnitude is 5 m/s) cases, respectively.
Figure 8 shows the By and eddy current distributions for
the static and transient (velocity magnitude is 5 m/s) cases,
respectively.

The results showed that the magnetic flux lines and By

were distorted by the existence of a scanning velocity. Fig-
ure 8a and b shows the induced current in the plate. It showed
the existence of the velocity induced current in the plate
whilst the MFL system is moving.

3.2 Overview of Leakage Signals:Without andWith
Acceleration

Experiment Trials B & C were conducted, as mentioned in
Sec.2.1. The MFL scanning system scanned the plate with
artificial defects at a constant velocity (Trial B) and with an
acceleration (Trial C). Each scan was repeated several times.
Figure 9 showed the overview of the leakage signal for the
cases both with and without scanning system accelerations.

The results showed that the scanning acceleration of the
system did not change the general signatures of the leakage
signal: peaks appeared when the sensor met the defect edges.
There is however an influence on the amplitude of the defect
signature. It is also noticed that the positions of the peaks are
different between the cases with and without acceleration.
The main reason for that is that we need to reach a ‘con-
stant’ velocity to measure amplitude without acceleration.
The FM3Di still requires an acceleration phase until a con-
stant velocity is reached. This means that the position of the
defect must be offset to a distance so that when the FM3Di
is at a constant velocity, the defect travels under the sensor,
hence the position offset with reference to the x-axis, i.e.
distance in mm.

3.3 Acceleration Effect

3.3.1 Peak to Peak Value Comparison at Similar Scanning
Velocity

Figure 10 showed the peak to peak (p-p) value variations
of By for trials both without acceleration (Trial B) and with
acceleration (Trial C) at similar velocities for different defect
depths.
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Fig. 7 Simulation results:
magnetic flux distribution: (a)
static case and (b) transient case

The results indicated that the leakage signal drops for the
acceleration scanning trials, compared to constant velocity
scanning trials. Tab.2. summarized the percentages of the
signal drop for different experiment trials.

3.3.2 Acceleration Magnitude Influence

Figure 11 shows the p-p value variations with different accel-
eration values.

The results showed the leakage signal had a obvious drop
if the MFL system passed the defect with an acceleration.
For different magnitudes of acceleration, the signal drop was
not so sensitive. The system currently has a small window
of acceleration based on the design of the control system.
To measure a range of accelerations to find this threshold
would require a new test apparatus to be designed to acceler-

ate the FM3Di beyond its current limit. It must also be noted
that increasing the acceleration will reduce the area which
flaws may be affected, in combination with the relatively
slow speed of 100’s mm/s that the FM3Di travels, then this
threshold may never be reached.

The 3D simulations were also conducted. In simula-
tion, the scanning velocity magnitude was 0.75 m/s for the
constant velocity scanning process and the accelerationmag-
nitude was 2 m/s2, which had the same direction as the
scanning velocity. Figure 12 shows the By distribution with
scanning time (left) and the peak to peak (p-p) value for dif-
ferent system accelerations (right). The 3D numerical results
showed that the presence of the acceleration does not change
the trend of By signal, as shown in Figure 12 (le f t).

In terms of the leakage value, Figure 12 (right), a clear
reduction in magnitude is seen for an accelerating system.
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Fig. 8 Simulation results: By
distribution and eddy current:
(a) static case and (b) transient
case. The eddy current is only
plotted in the plate

t

Table 2 Summary of leakage
signal and drop percentage
(experimental results)

Defect type 20%B a 20%T b 40%B 40%T 60%B 60%T 80%B 80%T

Vpp
c , V 0.51 0.95 2.17 2.08 3.14 2.87 4.55 3.83

Vpp
a , V 0.36 0.7 1.65 1.64 2.44 2.31 4.49 3.03

(Vpp
c - Vpp

a )/Vpp
c , % 29.41 26.32 23.96 21.15 22.29 19.51 23.30 20.89

(a) Bottom surface defect
(b) Top surface defect
Vpp

c is p-p voltage value for a constant scan at 1 m/s
Vpp

a is p-p voltage value for a acceleration scan

The simulation results also show that the magnitude of leak-
age reduction does not change when the system acceleration
is further increased. These results are in agreement with the
experimental results.

Figure 13 showed By distribution for the case with and
without acceleration at the moment when the sensor met the
defect front edge, the defect middle and the defect rear edge,
respectively.

The results indicated that higher magnitude of By is
obtained for the case without acceleration for all three posi-
tions, especially for the position when the sensor met the
front edge of the defect. This is in agreement with the results
shown in Figure 12 (le f t).
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Fig. 9 Experimental results:
leakage signals for cases both
with and without scanning
acceleration. For the without
scanning acceleration cases, the
magnitude scanning velocity is
0.75 m/s
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Fig. 10 Experimental results:
leakage signal comparison
between a constant speed scan
and an accelerating scan
including data error bars. For the
constant speed scan cases, the
scanning speed is 1 m/s

4 Discussion and Conclusions

We address the two questions raised in Sect. 1 as follows.
Firstly, we have shown in that the acceleration of the MFL
system does not influence the trend and features of the
leakage signal and this can be observed in our experimen-
tal results shown in Fig. 9. This is due to the nature of
the dynamic inspection remaining the same, irrespective of
whether there is an acceleration or not.However, it does influ-
ence the magnitude of the signal and this can be seen in our
experimental results in Figs. 10, 11 and simulation results in
Fig. 12, respectively. Both the experimental and the numeri-
cal findings show that the leakage signal under acceleration
evaluated by using peak to peak value, will reduce in a range
of 15.1% to 26.6%. Preliminary simulation results showed
that the largest difference is present when the sensor meets
the front edge of the defect for cases with and without accel-
eration.

Secondly, addressing whether the peak to peak (p-p) mea-
surement of the corresponding defect signature varies with
respect to acceleration magnitudes, our experimental (Fig.
10) and simulation (Fig. 12) results show the p-p values
are not sensitive to the acceleration magnitude varying. The
results from all the experimental trials also show that the
magnitude of the reduction of the leakage signal is not sen-
sitive to the magnitude of the acceleration, up to 6 m/s2. Still
further we have observed that the magnitude of background
magnetic field (y-axis component: direction perpendicular to

scanning velocity) increases with increased scanning veloc-
ity.We conjecture this is due to the eddy current effect, which
is generated in the specimen.

In conclusion, our answers to these questions indicate
that a magnetic flux leakage system should ideally account
for signal measurements during the acceleration stage, and
where possible measurements should be obtained when the
system is moving with constant velocity. These findings
could help to optimise the MFL system to capture the defect
feature more precisely if defects are scanned during a phase
of machine acceleration. It also shows the importance of
conductingmeasurements at constant velocity,wherever pos-
sible.

The acceleration phase can be 5 times longer than the
deceleration phase meaning that more area is covered during
this action. The mass of the machine and the induced eddy
currents need to be overcome meaning that the desired speed
takes is not reached quickly. The deceleration phase is much
quicker as the momentum and eddy current effect acts as a
break on the system. It is also customary for the user to turn
off the motor and suddenly stop the machine at the end of a
plate, further reducing the active area of deceleration. In this
paper, acceleration, and in particular the covered distance,
is considered the key criteria that can influence the severity
of the flaws measured and so only acceleration is examined.
Deceleration will be considered in future work.

Further work could also include making improvements
to the experimental setup to enable measurements to be per-
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Fig. 11 Experimental results:
Peak to peak (p-p) value
variation for different
experiment trials. Dash line is
the p-p value level obtained at
constant scanning velocity (1
m/s) and is used as a benchmark
value
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Fig. 12 Simulation results:
(Le f t) By signal and (Right)
peak to peak value variations
with a. 0.75 m/s was adopted for
the constant speed scanning case

Fig. 13 Simulation results: By
contours in the vicinity of
sensor. Contours plotted when
the sensor meets the front defect
edge (Le f t), the defect middle
(Middle) and the rear defect
edge (Right). Different
magnetic field distortions are
presented for the cases with and
without system scanning
acceleration. The acceleration,
a, is in the same direction as
velocity. For the a = 0 m/s case,
the magnitude of scanning
velocity is 0.75 m/s. For the a =
2 m/s case, the magnitude of
scanning velocity is 0.75 m/s at
the moment when the sensor
meets the defect

formedmore precisely. The numerical simulations could also
benefit from an improved algorithm designed for the prob-
lem, which is currently not available in commercial solvers.
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