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Abstract: Alternating current field measurement (ACFM) testing is one of promising techniques in 7 

the field of non-destructive testing with advantages of the non-contact capability and the reduction 8 

of lift-off effects. In this paper, a novel crack detection approach is proposed to reduce the effect of 9 

the angled crack (cack orientation) by using rotated ACFM techniques. The sensor probe is com- 10 

posed of an excitation coil and two receiving coils. Two receiving coils are orthogonally placed in 11 

the centre of the excitation coil where the magnetic field is measured. It is found that the change of 12 

the x component and the peak value of the z component of the magnetic field when the sensor probe 13 

rotates around a crack follows a sine wave shape. A customised accelerated finite element method 14 

solver programmed in MATLAB is adopted to simulate the performance of the designed sensor 15 

probe which can significantly improve the computation efficiency due to the small crack perturba- 16 

tion. The experiments have also been carried out to validate the simulations. It is found that the ratio 17 

between the z and x components of the magnetic field remains stable under various rotation angles. 18 

It shows the potential to estimate the depth of the crack from the ratio detected by combining the 19 

magnetic fields from both receiving coils (i.e., the x and z components of the magnetic field) using 20 

the rotated ACFM technique. 21 

Keywords: Non-destructive testing; magnetic induction; crack detection; finite element method ac- 22 

celeration; conductive plate 23 

 24 

1. Introduction 25 

Surface crack detection is one of the most essential issues for researchers and engi- 26 

neers to improve the service life of the equipment. A small crack can lead to an unreliable 27 

structure which can greatly shorten the service life of the equipment. The techniques de- 28 

veloped for the detection of the crack can effectively prevent unnecessary loss and dam- 29 

age. For example, the eddy current (EC) inspection [1-4] and the alternating current field 30 

measurement (ACFM) technique [5-7].  31 

Various excitation profiles of the EC inspection have been proposed to quantitively 32 

determine the position and size of surface cracks [1-3]. ACFM technique has been origi- 33 

nally used in detections of surface cracks in oil and gas industry in previous decades [8- 34 

9]. It is capable of inspecting the crack geometries (e.g., depth and length) with high accu- 35 

racy and elimination of lift-off effects [10-13]. Besides, it enables the sensor probe to detect 36 

the surface cracks of metals without removing the coatings. With this feature, it can there- 37 

fore be successfully applied in the inspection of rail axles which massively saves time and 38 

costs. Similar to the EC inspection, both techniques inject the alternating current into the 39 

excitation coils resulting in an induced field in the tested material and the receiving coils 40 

receive the signals from the induced field. With the presence of the surface crack, the in- 41 

duced eddy current is disturbed so that the crack can be predicted by the received signal. 42 

However, in the EC inspection, the impedance of the probe due to the presence of the 43 

crack is measured while the (perturbance of) magnetic field is directly measured by the 44 
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sensor probe in the ACFM [14-15]. The customised finite element method is adopted to 45 

simulate the response of the magnetic field due to the crack perturbation. Methods have 46 

been proposed to improve the computation efficiency, i.e., using the optimised initial pre- 47 

conditioner [16 - 17] and perturbed matrixed inversion [18].   48 

Detection of the surface crack by using the ACFM technique has been developed over 49 

the years in order to improve the reliability and sensitivity of the inspection. Sensor probe 50 

array has been designed for the inspection [19-20]. A single/multi-layered linear pick-up 51 

coil with its electronics, as it is attached below the inducer which generates the high-fre- 52 

quency interrogating field, offers high detection sensitivity (0.5 – 4 mm deep notches) in 53 

the inspection of surface cracks for the large metal plates. Theoretically, it can be made in 54 

any length, however, the resistance of the circuits limits the length of the sensor [19]. Li et 55 

al. proposed a structure of equal-spaced detecting sensors array of the feed-through 56 

ACFM probe which can detect the axial crack quantitively and successfully scan the full 57 

circumference of the pipe string [20]. Denoising the received signal from the measure- 58 

ments is also crucial to obtain better results of crack information. A magnetic core was 59 

appended to the driver coil and the proper wavelet function was chosen to execute the 60 

process of de-noise. The signal characteristics were clearer after denoising by using the 61 

wavelet function [21].  62 

Moreover, inverse problems for estimating the geometry information of the surface 63 

crack in the workpiece have been used in the ACFM techniques. Ravan et al. presented 64 

the method based on the artificial neural network scheme which can be used to predict 65 

the depth of surface cracks with random geometry and known length and direction of 66 

crack. However, the accuracy of depth prediction depends on the level of noise from the 67 

measurement data [22]. Fuzzy rules are also popularly applied in the identification of the 68 

crack [12, 23-24]. Noroozi et al. utilised the fuzzy alignment algorithm (FAA) to effectively 69 

map the depth of the crack to the signal output from the probe. The FAA is capable to 70 

diminish the impact aroused by the irrelevant training data and converged efficiently by 71 

setting a degree of the freedom to manipulate the influence from the dataset. This method 72 

shows a good performance for the crack with arbitrary crack shape [12]. These methods 73 

require a certain amount of computation and it is common to obtain the direction of the 74 

crack using the 2D scanning technique in advance. 75 

During the measurement process, the vibration of the experiment setup would affect 76 

the accuracy of the measurement, leading to unnecessary damage. Gu et al. proposed a 77 

structural optimization method and an absorber was used to reduce the vertical vibration 78 

of the machine [25]. Without knowing the crack orientation, the angle between the crack 79 

and the sensor probe would influence quantifying the crack dimension. In this paper, to 80 

analysis and reduce the effect of the angled coil (compared to the crack orientation) above 81 

the surface crack on conductive metals, a crack detection method by utilising rotated 82 

ACFM technique is proposed. For the proposed method, the designed sensor probe scans 83 

above the sample plate in different angles. By using this method, the angle between the 84 

crack and the sensor probe can be eliminated. Simulations are conducted in the custom- 85 

ised accelerated finite-element solver programmed in MATLAB and experiments have 86 

been carried out to verify the proposed features. 87 

2. Relationship between the measured magnetic field and the rotation angle 88 

2.1 Magnetic field calculated by the accelerated finite element analysis 89 

As a versatile computation technique of simulating electromagnetic problems, finite 90 

element method (FEM) is widely applied in diverse industrial applications in non-de- 91 

structive testing. With the support of A-V Edge-Element Formulation, FEM simulation 92 

was set up in MATLAB and by using the generated sample model, the magnetic field can 93 

be computed. In the formulation, Galerkin method is employed to compute the vector 94 

potential (𝑨) and scalar potential (V) of the whole domain [18]. The vector and scalar po- 95 

tentials in individual element satisfy: 96 
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∫ ∇ × 𝑁𝑖 ⋅ 𝑣∇ × 𝑨𝑛𝑑𝛺
𝛺𝑐

+ ∫ 𝑗𝜔𝜎𝑁𝑖 ⋅ 𝑨𝑛𝑑𝛺
𝛺𝑐

+ ∫ 𝑗𝜔𝜎𝑁𝑖 ⋅ ∇𝑉𝑛𝑑𝛺
𝛺𝑐

 

= ∫ ∇ × 𝑁𝑖 ⋅ 𝑣0∇ × 𝑨𝑠
𝛺𝑐

𝑑𝛺 𝑖 = 1,2, . . . ,6 

(1) 

∫ 𝑗𝜔𝜎∇𝐿𝑖 ⋅ 𝑨𝑛𝑑𝛺
𝛺𝑐

+ ∫ 𝑗𝜔𝜎∇𝐿𝑖 ⋅ ∇𝑉𝑛𝑑𝛺
𝛺𝑐

= 0     𝑖 = 1,2, . . . ,4 
(2) 

Where: 𝑁𝑖 is the edge interpolation function in ith edge; 𝐿𝑖 is the nodal interpola- 97 

tion function in ith edge; 𝛺𝑐 is the metallic domain in the sample model; 𝑣 is the sample 98 

reluctivity; 𝜎 is the sample conductivity; 𝑣0 denotes the reluctivity in air.  99 

For each tetrahedral element, the interpolation functions are unique so that transfor- 100 

mation of the coordinates is used to transform the global coordinates (𝜆𝑣 , 𝜆𝑠) to the local 101 

coordinates (𝜆̂𝑣 , 𝜆̂𝑠). In consequence, the interpolation functions can be given [18] 102 

𝐽 =

[
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(3) 

𝜆𝑣 = 𝐽−1𝜆̂𝑣 (4) 

𝜆𝑠 = 𝐽−1𝜆̂𝑠 (5) 

𝛻 × 𝜆𝑣 =
1

|𝐽|
𝐽𝑇𝛻 × 𝜆̂𝑣 

(6) 

Where, 𝐽 is the Jacobian matrix, 𝜆𝑣  is the vector component in the global coordi- 103 

nates, 𝜆𝑠 is the scalar component in the global coordinates, 𝜆̂𝑣 is the vector component 104 

in the local coordinates,  𝜆̂𝑠 is the scalar component in the local coordinates. 105 

Therefore, employing equations (1) and (2), a linear algebraic system equation can be 106 

expressed by using the stiffness matrix 𝑄. 107 

𝑄 = [𝐾
𝑝×𝑝 𝐿𝑝×𝑞

𝑀𝑞×𝑝 𝑁𝑞×𝑞] 
(7) 

𝑄

[
 
 
 
 
 
[

𝑨1

⋮
𝑨𝑝

]

[

𝑉1

⋮
𝑉𝑞

]
]
 
 
 
 
 

= 𝑋 

(8) 

Here, 𝑝 is the edge number, 𝑞 is the vertex node number. 𝐾, which is associated to 108 

the summation of the first two terms of equation (1), mainly dominates by the vector field 109 

and contributes to the generation of the vector potential. 𝐿 is the third term of equation 110 

(2), controlling the flow of the eddy current as it encounters with the notch. 𝑀 and 𝑁 are 111 

the terms of left-hand side of equation (2), satisfying the conditions of magnetostatic field. 112 

𝑋 is the terms of right-hand side of equation (1) and (2), providing the background field 113 

of the entire system.  114 

In order to hasten the computation speed, the accelerated method based on the prop- 115 

erty that the crack only disturbs its surrounding field is adopted [26]. In this method, the 116 

stiffness matrix 𝑄 can be rearranged and divided into four parts, 𝑄1,  𝑄2, 𝑄3 and 𝑄4. 117 

Here 𝑄1 is the matrix unaffected by the small perturbation while 𝑄2, 𝑄3 and 𝑄4 are the 118 

matrices affected by the small perturbation. 𝑆𝑢 and 𝑆𝑐 are the field solution of the unaf- 119 

fected domain and affected domain respectively. 𝑋𝑢 and 𝑋𝑐 are the background field of 120 

the unaffected domain and affected domain. The system matrix equation turns to  121 

[
𝑄1 𝑄2

𝑄3 𝑄4
] [

𝑆𝑢

𝑆𝑐
] = [

[
𝐾1 𝐿1

𝑀1 𝑁1
] [

𝐾2 𝐿2

𝑀2 𝑁2
]

[
𝐾3 𝐿3

𝑀3 𝑁3
] [

𝐾4 𝐿4

𝑀4 𝑁4
]
] [

[
𝑨u

𝑉u
]

[
𝑨c

𝑉c
]
] = [

𝑋𝑢

𝑋𝑐
] 

(9) 

Then due to the perturbation of the small crack, crack matrices are introduced, the 122 

system is equal to 123 
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[
𝑄1 𝑄2 + ∆𝑄2

𝑄3 + ∆𝑄3 𝑄4 + ∆𝑄4
] [

𝑆𝑢
′

𝑆𝑐
′] = [

𝑋𝑢

𝑋𝑐
] 

(10) 

By utilising the fact that the perturbed field due to the crack can be localised to its 124 

surrounding area, the solutions can be obtained by equation (11) which can effectively 125 

hasten the computation speed [26].  126 

{
𝑆𝑢

′ = 𝑆𝑢

(𝑄4 + ∆𝑄4)𝑆𝑐
′ = 𝑋𝑐 − (𝑄3 + ∆𝑄3)𝑆𝑢

 
(11) 

Therefore, after obtaining the magnetic vector potential field 𝑨𝑝 along all the edges 127 

and electric scalar potential field 𝑉𝑞  on all the vertex of the entire crack system, the eddy 128 

current produced in the tested sample is equal as 129 
𝐽𝑠 = 𝜎𝐸 =  −𝑗𝜔𝜎𝑨 − 𝜎𝛻𝑉  (12) 

Where, 𝐸 is the electric field contributed by both the vector and scalar potential field. 130 

Based on the Biot-Savart law, the magnetic 𝑩 field can be derived as  131 

𝑩 =
𝜇0

4𝜋
∫

𝐽𝑠 × 𝑟′

|𝑟′|3
𝑑𝑉 

(13) 

Here 𝜇0  denotes the permeability in the vacuum, 𝐽𝑠  denotes the generated eddy 132 

current in the tested sample and 𝑟′ denotes the displacement vector from the current el- 133 

ement to the computed point. Consequently, Bx and Bz can be described by the first and 134 

third components of the calculated magnetic B field and the ratio between Bz and Bx can 135 

be calculated. 136 

2.2 Simulation models 137 

Figure 1 shows the rotation direction of the sensor probe (rotates counter-clockwise) 138 

and it scans above the non-magnetic tested sample with/without the crack. As shown in 139 

Table 1, the height and the length of the excitation coil were set to 3 mm and 4 mm respec- 140 

tively. The radius of the receiving coils is 0.5 mm. The probe was placed 0.5 mm above the 141 

sample model. The conductivity of the sample plate is 1.4 MS/m with the length of 75 mm 142 

and the width of 40 mm. The thickness of the sample in the model is 2 mm and the length 143 

and width of the crack in the centre of the plate are 10 mm and 0.25 mm respectively.   144 

 145 

Figure 1. Simulation models (a) the rotation direction of the sensor probe (b) the stainless-steel 146 
plate with/without the crack. 147 

Table 1. Model parameters 148 

 Values 

Height of excitation coil ℎ (mm) 3 

Length of excitation coil 𝑙 (mm) 4 

Turns of excitation coil 𝑁𝑒 5 

Radius of receiving coils 𝑟𝑝 (mm) 0.5 

Turns of receiving coils 𝑁𝑝 1 

Lift-off 𝑙𝑜 (mm) 0.5 

Width of the sample plate 𝑤𝑠 (mm) 75 

Length of the sample plate 𝑙𝑠 (mm) 40 
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Thickness of the sample plate 𝑐 (mm) 2 

Width of the crack 𝑤𝑐 (mm) 10 

Length of the crack 𝑙𝑐 (mm) 0.25 

Conductivity of the sample plate 𝜎 

(MS/m) 
1.4 

2.3 Eddy currents around cracks using the FEM solver 149 

The behaviour of the eddy current around the crack on the sample plate is simulated 150 

using the accelerated FEM solver. The sensor probe is situated above the centre of the 151 

sample plate with different rotation angles and the lift-off of 0.5 mm. Fig. 2 shows the 152 

vector diagram of the eddy current flow under three rotation angles, 0°, 45° and 90° re- 153 

spectively. 154 

  

(a) 

  

(b) 
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(c) 

Figure 2. The flow of eddy current induced on the non-magnetic tested sample without/with the 155 
crack (a) rotation angle 0° (b) rotation angle 45° (c) rotation angle 90°. 156 

As shown in Fig. 2, it can be noted that the eddy current distributed uniformly in the 157 

centre of the sample plate and has the feature of symmetry. The eddy current flows uni- 158 

formly and continuously in the sample plate without the disturbance of the crack. When 159 

the eddy current encounters with a crack, it will flow around the edge of the crack. As can 160 

be seen in Fig. 2(a), when the sensor probe is parallel to x axis (rotation angle 0°), the eddy 161 

current is hardly affected, then the probe rotates to 45°, the eddy current is perturbed and 162 

flows according to the geometry of the crack. The strongest perturbation occurs when it 163 

rotates to  90𝑜, shown in Fig. 2(c). Consequently, the impact to the eddy current due to 164 

the crack for the sensor probe perpendicular to x axis (rotation angle 90°) is strongest 165 

compared with other rotation angles, resulting in the significant change of the magnetic 166 

field. Due to the rotation of the sensor probe, the strength of the detected magnetic field 167 

is affected by the induced eddy currents varies. Therefore, it can be deduced that the 168 

weakest appears at the angle of 0°/180° and the strongest appears at the angle of 90°. 169 

2.4 Coil angle-immune feature on crack detection using the rotary sensor probe 170 

To simulate the magnetic field due to the presence of the crack in the sample model, 171 

the sensor probe scans across the crack along x axis from (-20, 0, 0.5) mm to (20, 0, 0.5) mm 172 

(i.e., perpendicularly to the crack - rotation angle 90°). The model parameters listed in 173 

Table 1 were kept the same in the process of the entire simulation. Considering the effect 174 

of different depths, the crack in the centre was evenly divided into 10 layers, from 0.2 mm 175 

to 2 mm. Fig. 3 shows the received magnetic B field with different excitation frequencies. 176 

From the simulations, the response of the sensor probe is more evident to see the changes 177 

of the magnetic B field using higher excitation frequency. Besides, since the maximum 178 

depth of the crack is 2 mm, in order to have a better performance of crack detection, it is 179 

better to make sure the skin depth of the eddy current to be larger than 2 mm (< 45 kHz 180 

for the conductivity of 1.4 MS/m), therefore, the frequency was chosen to be 20 kHz.  181 
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 182 
(a) 183 

 184 
(b) 185 

Figure 3. The magnetic B field received by the sensing probe under different excitation frequencies 186 
(a) Bz (b) Bx. 187 

Fig. 4 illustrates the x and z components of the magnetic B field caused by the cracks 188 

with different depths varying from 1 mm to 2 mm under the excitation frequency of 20 189 

kHz. It can be seen that, in the centre of the crack, the z component of the magnetic B field 190 

is zero while the x component of the magnetic B field reaches the minimum value. It can 191 

be observed that, the deeper the crack, the larger the peak value of Bz and Bx. 192 

Further, the sensor probe scans across the crack with a range of rotation angles start- 193 

ing from 15 degree (one period) in steps of 15 degrees to investigate the variation of the 194 

two components of the magnetic field. Fig. 5(a) depict the variations of the maximum 195 

value of Bz and the difference of Bx with the changing rotation angle. It can be noticed 196 

that the trend of the peak value of Bz and the difference of Bx is similar. Both of them 197 

increase at the beginning, then reach its maximum at the angle of 90o and decrease again. 198 

They follow a sine relationship between the rotation angle and the x/z component of the 199 

magnetic B field. As can be seen from Fig. 5(b), the ratio of the maximum of the z compo- 200 

nent (Bz) and the change of the x component (Bx) stays constantly under a range of angles. 201 

It can be noted that the ratio is nearly immune to the rotation angle with reasonable vari- 202 

ation (3%) and the value increases under different depths of the crack. Besides, when the 203 

centre of receiving coils is not overlapped (i.e. the receiving coil for detecting x component 204 

of the magnetic B field is placed with higher lift-off, above the receiving coil for detecting 205 

z component of the magnetic B field), the ratio increases from 0.54 to 0.83, shown in Fig. 206 

6. The reason of the increase of the ratio is because that, with higher lift-off of the receiving 207 

coil for detecting x component of the magnetic B field, the difference of Bx becomes 208 

smaller so that the ratio increases but still remains stable under varying rotation angles. It 209 

shows the potential of using this ratio to determine the depth of the crack by reducing the 210 

effect of the crack orientation.  211 
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 212 
(a) 213 

 214 
(b) 215 

Figure 4. The magnetic B field signal received by the sensing probe under different depths of the 216 
cracks (a) Bz (b) Bx. 217 

 218 
(a) 219 
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 220 
(b) 221 

Figure 5. (a) The simulated results of the B magnetic field for the crack depth of 2 mm (b) The ratio 222 
of the maximum of the z component and the change of the x component under varying rotation 223 
angles for different crack depths. 224 

 225 

Figure 6. The ratio of the maximum of the z component and the change of the x component under 226 
varying rotation angles for different distance between the centre of receiving coils with the crack 227 
depth of 2 mm. 228 

3. Experiments 229 

3.1 Experimental setup 230 

Fig. 7 shows the experiment setup for crack detection, consisting of a stepper, the 231 

electromagnetic (EM) instrument, host PC, sensor probe and the sample plate.  The sen- 232 

sor probe is attached to the stepper, whose movements in different axis can be controlled 233 

by the host PC to perform scanning process. The sample plate is fixed at the stage and the 234 

sensor probe is right on the top of the cracks during scanning. The experiment parameters 235 

are listed in Table 1. The magnetic field is detected by the EM instrument developed by 236 

the Sensing, Imaging and Signal Processing group at the University of Manchester [27- 237 

28]. 238 

The EM instrument is based on field programmable gate array (FPGA) programming 239 

which enables its high speed for the detecting process. As shown in Fig. 1(a), the excitation 240 
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coil is vertically placed above the sample plate (lift-off of 1.5 mm) with 20 turns. The length 241 

and height of the excitation coil are 12 mm and 10 mm respectively. As is shown in Fig.1 242 

and Fig.8, two receiving coils are assembled in the centre of the excitation coil along the 243 

x-axis and the z-axis respectively for detecting the z and x components of the magnetic B 244 

field. The radius and turns of the receiving coil are 0.8 mm and 200 respectively. The stain- 245 

less steel sample plate is used which contains 20 small cracks with the length of 10 mm 246 

and the width of 0.25 mm. The depth of the crack is from 0.1 mm to 2 mm, with an in- 247 

creasing step of 0.1 mm.  248 

During the scanning process, the sensor probe moves right on the top of the crack 249 

along the x-axis, which performs line scanning. The trajectory of the sensor probe covers 250 

the total length of the crack. In Fig.8, the angle between the excitation coil and the x-axis 251 

is 90° and a maximum 𝐵𝑥 can be detected. During the experiments, the sensor probe was 252 

rotated and line scanning was performed at different angle. In Fig.9, the orientation of the 253 

sensor probe at 0° and 90° is demonstrated respectively. The direction of the induced 254 

magnetic field varies with the orientation of the excitation coil, which results in different 255 

level of change in the measurements at each angle. 256 

The measured results are presented by the difference of the received voltage of the 257 

sample with the crack and without the crack. As shown in Fig. 10, the excitation frequency 258 

from 10 kHz to 60 kHz is used for testing the crack with a depth of 2 mm. It can be noted 259 

that frequency ranges from 20 kHz to 50 kHz works well and have a better SNR. Therefore, 260 

20 kHz was selected as the excitation frequency. Besides, the excitation frequency of 20 261 

kHz works for different depths of crack is shown in Fig. 11 and it can be noticed that there 262 

is a rising trend of the peak-to-peak value of z component of the magnetic field as the 263 

crack depth increases. 264 

 265 

Figure 7. Experimental setup.  266 

 267 

Figure 8. The trajectory of the sensor probe. 268 
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 269 

Figure 9. The orientation of the sensor probe at 0° and 90°. 270 

Table 2. Experimental parameters. 271 

Excitation coil 

Length (mm) 12 

Height (mm) 10 

Turns  20 

Receiving coil 
Radius (mm) 0.8 

Turns 200 

Loft-off (mm) 1.5 

Excitation frequency (kHz) 20 

Crack depth (mm) 0.1 : 0.1 : 2 

 272 

 273 
(a) 274 

 275 
(b) 276 

Figure 10. The voltage received from the sensor probe under different frequencies (a) Bz (b) Bx. 277 
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 278 
Figure 11. The peak-to-peak value of z component of the magnetic field with different crack depths 279 
under the frequency of 20 kHz. 280 

3.2 Coil-crack angle insensitive feature 281 

As can be seen in Fig. 12, the trend of the magnetic field under different rotation 282 

angles is similar compared with the simulation results. Fig. 13 shows the received maxi- 283 

mum value of the z component and the change of x component of the magnetic B field 284 

with a range of rotation angles. The value of the x and z components of the magnetic B 285 

field increases with the rotation angle from 15o, reaching maximum when the rotation 286 

angle is 90o. This is because more eddy current is blocked (flowing route is influenced) 287 

due to the presence of the crack as the sensor probe rotates vertically to the crack. Then 288 

continue to rotate the sensor probe, the value reversely decreases to reach its minimum. 289 

They agreed with the simulated results which are symmetric with respect to 90o. Moreo- 290 

ver, it can be seen in Fig. 13 (b) that there is a coil angle immune feature for the ratio of the 291 

maximum of Bz and the change of Bx when the sensor probe scans the crack on the surface 292 

of the metal. Due to the measurement error and the environments, there is a small fluctu- 293 

ation for the ratio but most of them are mainly around 0.8, which are consistent with the 294 

simulated results. Besides, it also shows that the position of the receiving coil for detecting 295 

x component of the magnetic B field does not influence the coil-crack angle insensitive 296 

feature. Therefore, the effect caused by the coil-crack angle can be eliminated by the fea- 297 

ture and may useful to estimate the depth of the crack without the disturbance of the crack 298 

orientation.    299 

 300 
(a) 301 
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 302 
(b) 303 

Figure 12. The measurement results of the magnetic field under the rotation angle from 0o to 180o 304 
(a) the z component (b) the x component. 305 

 306 
(a) 307 

 308 
(b) 309 

Figure 13. (a) The measured results of the B magnetic field (b) The ratio of the maximum of the z 310 
component and the change of the x component under varying rotation angle. 311 
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4. Conclusions 312 

In this paper, a novel crack detection method by using rotated ACFM techniques is 313 

proposed. The proposed method is using the sensor probe with two orthogonal receiving 314 

coils to detect the magnetic B field under different rotation angles. It is found that there is 315 

a sine relationship between the peak value of the z component / the change of the x com- 316 

ponent of magnetic B field and the rotated angle. Besides, it is noted that the ratio of peak 317 

value of the z component and the change of x component stays constantly under different 318 

rotation angles. It also validated by the measurement results. By utilising this feature, it 319 

may be used to determine the depth of the crack reducing the effect of the crack orienta- 320 

tion for conductive metallic plate. Moreover, with the support of the proposed method, it 321 

simplifies the sensor setup with low cost. 322 
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