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1. INTRODUCTION

Spatial identification of crack locations in conducting slabs has been a topic of wide industrial
interest. In the past, several nondestructive crack detection techniques have been introduced (see, for
example, [1-5]). Among those techniques, stray magnetic field monitoring, as a result of impressed current
crack perturbation, has proven to be successful [6, 7]. Recently, the wavelets approach has been utilized in
surface crack detection using impressed current differential measurements [8, 9]. In this approach, semi-
orthogonal compactly supported spline wavelets were used to efficiently solve the resulting 2D Fredholm
integral equation of the first kind and, finally, identify the 3D spatial location of cracks in conducting slabs of
finite thicknesses.

While the wavelets approach proved successful, it offered discrete crack identification within the
mesh discretization scheme. This paper presents a methodology for assessing cracks extending over relatively
large dimensions in conducting slabs. The approach utilizes techniques proposed in [10-12] and employs the
Fourier transform (FT) to de-convolute Gaussmeter finite sensor device response. As in [3], the approach
under consideration employs a horizontally oriented field sensor placed on top of the magnetic slab under
consideration while being subjected to a uniform horizontal magnetic field as shown in Fig. 1. In the
presence of cracks, localized magnetic dipoles are formed, thus emanating vertical fields that could be
detected by the sensor. Thus, a 2D magnetic field mapping resulting from the existence of cracks may be
deduced. Details of the proposed methodology are given in the following section.
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Figure 1. Localized magnetic dipole formation due to the existence of cracks in a conducting
magnetic slab subject to uniform magnetic field.

2. THE PROPOSED APPROACH
Explaining It can be shown that the vertical magnetic flux density component B, resulting from an

isolated magnetic charge (, may be deduced from the expression:

Ho(2—25)0m(Xs, Y5, 2Z5) 1)

BZ(X7va): 3/2
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where, (X,y,z) is the observation point, (Xg,Ys,Zg)is the magnetic charge position, while 4 is the
permeability of free space.

Assuming a square horizontal flux density sensor having side length and vertical height coordinate

H and z,, respectively, it can be shown that — when its center coordinates coincide with (x,y,z) — the

measured flux density due to a unit magnetic charge (i.e., device response) may be given by:

(y+H/2)(x+H/2)
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In (2), ﬁpQ =(X—Xg)Ux +(Y - Ys)Uy + (2o —Z5)Uz , while Uy, Oy andT, represent the unit vectors along

the x-, y- and z-directions, respectively.
For a normalized square inspection zone far enough from the sides of a relatively large slab to

ignore edge effects, it can be shown that the vertical flux density mapping B;VI inferred by the above-
described sensing element may be expressed by:

11
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Applying FT and the convolution principle, we get,
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where Jis the Fourier transform. Hence, knowing the measurements profile as well as the device response,
the dipole charge density distribution may be deduced using the inverse Fourier transform (IFT), 371 ,
given by:
~pM
~—1]~3 BZ
XY,2)=3 : 5
Om (X, Y,2) {S K, } (5)

Once the dipole charge distribution map is deduced, crack locations and dimensions may be
inferred.
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3. SAMPLE CRACK EVALUATION COMPUTATIONS
Using the proposed methodology, computations have been carried out to identify cracks
corresponding to different cases. Throughout the simulations, raw measured vertical flux density mapping

B%Vl was computed in accordance with equation (3) for cracks having a depth equivalent to 2% of the

observation domain side length. More specifically, the eight crack cases given in Table 1 have been
considered. It should be stated that, within the simulations, the observation domain was discretized into 61 by
61 mesh points and 2D FT was carried out up to the 41% harmonic coefficient. It can be seen from the
aforementioned table that the simulations cover sensor side lengths of 0.1, 0.2, 0.3 and 0.5 measured in per
unit (pu) of observation domain side length.

Table 1. Crack identification cases considered.

CASE Vertical Clearance (pu Sensor Side Length H Number Crack(s) Limiting Coordinates [lower left corner

of domain side length) (pu of domain side length) of Cracks — upper right corner] in mesh units

1 0.1 0.1 2 [19, 13- 23, 17] & [39, 45 — 43, 49]

2 0.1 0.1 2 [19, 13- 29, 17] & [39, 45 — 43, 49]

3 0.1 0.2 1 [29, 29 - 33, 33]

4 0.2 0.2 1 [29, 29 - 33, 33]

5 04 0.2 1 [29, 29 - 33, 33]

6 01 0.2 2 [19, 13 - 23, 17] & [39, 45 — 43, 49]

7 01 0.3 1 [29, 29 - 33, 33]

8 0.1 0.5 1 [29, 29 — 33, 33]

Cases 1 and 2 correspond to a sensor side length of 0.1 pu. Figure 2 shows the device response K,
for these two cases as well as the reconstructed response using the 41% by 41* 2D FT harmonic coefficients.
For these two cases, two cracks are assumed. More specifically, in Case 1 the two cracks are assumed to be
of identical dimensions while for Case 2 they are assumed to be non-identical. In Figure 3, computed B}V' ,

actual cracks, apparent cracks deduced from raw image and inferred cracks according to equation (5) are
shown for Case 1. Similar plots corresponding to Case 2 are given in Figure 4.

(a) (b)
Figure 2. (a) The device response K, corresponding to Cases 1 and 2 and, (b) the reconstructed
response using 2D FT harmonic coefficients.

(N

() (d)

Figure 3. (a) Computed B;V' , (b) actual cracks, (c) apparent cracks deduced from raw image, and
(d) inferred cracks according to the proposed methodology for Case 1.
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Figure 4. (a) Computed B%Vl , (b) actual cracks, (c) apparent cracks deduced from raw image, and
(d) inferred cracks according to the proposed methodology for Case 2.

(b)

Figure 5. (a) The device response K, corresponding to Cases 3, 4 and 5 and (b) the reconstructed

response using 2D FT harmonic coefficients. For Cases 3, 4, 5 and 6 a sensor side length of 0.2 pu is
assumed. Figure 5 shows the device response K, for these four cases as well as its corresponding

reconstructed response using the aforementioned 2D FT harmonic coefficients. Effect of having different
sensor-sample clearance z,is clearly highlighted by Cases 3, 4 and 5. For these three cases, as suggested in

Table I, the same crack is assumed for z; pu values of 0.1, 0.2 and 0.4, respectively. Images of B}V'

computed in accordance with equation (3) for those cases are given in Figure 6. Plots for the actual cracks,
apparent cracks deduced from raw images and inferred cracks, according to equation (5), corresponding to
the above-mentioned three cases are shown in Figure. 7-9. Case 6, on the other hand, corresponds to the same
double cracks previously assumed for Case 1. In Figure 10, plots corresponding to those shown in Figure 3
are given, thus further highlighting the effect of sensor-sample clearance z, variation.

(c)

Figure 6. Computed B;Vl corresponding to (a) Case 3, (b) Case 4, and (c) Case 5.
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(a) (b) (c)
Figure 7. (a) Actual crack, (b) apparent crack deduced from raw image, and (c) inferred crack
according to the proposed methodology for Case 3.

e e 2

(a) (b) (c)
Figure 8. (a) Actual crack, (b) apparent crack deduced from raw image, and (c) inferred crack
according to the proposed methodology for Case 4.

(a) (b) (c)
Figure 9. (a) Actual crack, (b) apparent crack deduced from raw image, and (c) inferred crack
according to the proposed methodology for Case 5.

N

(d)

Figure 10. (a) Computed B%Vl , (b) actual cracks, (c) apparent cracks deduced from raw image, and
(d) inferred cracks according to the proposed methodology for Case 6.

Figure 11 shows the device response K, as well as its reconstructed response using 2D FT, for

Case 7 which corresponds to a sensor side length of 0.3 pu. Plots for B%Vl computed in accordance with

equation (3), actual crack, apparent crack deduced from raw images and inferred crack according to equation
(5) are shown in Figure 12. Finally, device response K,, as well as its reconstructed response using 2D FT,

for Case 8 corresponding to a sensor side length of 0.5 pu are given in Figure 13. On the other hand, Figure
14 demonstrates — for the same crack of Case 7 - the computed By in accordance with equation (3), actual
crack, apparent crack deduced from raw images and inferred crack using equation (5).
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(a) (b)
Figure 11. (a) The device response K, corresponding to Case 7 and (b) the reconstructed response
using 2D FT harmonic coefficients.

(b)

A -

(c) (d)
Figure 12. (a) Computed B%Vl , (b) actual cracks, (c) apparent cracks deduced from raw image, and
(d) inferred cracks according to the proposed methodology for Case 7.

Figure 13. (a) The device response K, corresponding to Case 8 and (b) the reconstructed response
using 2D FT harmonic coefficients.

(b)
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Figure 14. (a) Computed B%Vl , (b) actual cracks, (c) apparent cracks deduced from raw image, and

(d) inferred cracks according to the proposed methodology for Case 8. The above shown figures clearly
highlight the ability of the proposed approach to cancel out the device response and, thus, reconstruct a very
close three dimensional image of the assumed crack. Moreover, crack dimensions do not necessarily have to
be in quanta of the FT discretization grid unlike for the case of using the wavelets approach (refer, for
instance, to [9]).

4. CONCLUSIONS

It can be concluded from the presented analysis, simulations and results that the proposed approach
may be well utilized to identify cracks whose dimensions are much smaller than sensing element dimensions
and/or sensing height. Results also demonstrate that the proposed approach may also resolve the existence of
multiple cracks. An important advantage of the proposed approach is its straight forward nature. Future
extensions include the utilization of the approach in other related inverse problem and nondestructive testing
techniques.
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