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Abstract: Alternating current field measurement is based on alternating 
electromagnetic field disturbed by cracks, which is sensitive to detect the crack being 
parallel to the magnetization direction. In this paper, the alternating electromagnetic 
fields distribution around both parallel and perpendicular cracks in steel and 
aluminium are analysed by 3D FEM and experimental methods. In the simulation, the 
perpendicular and parallel cracks could be detected out distinctly in steel and only the 
parallel crack could be detected out distinctly in aluminium. Furthermore, frequency 
analysis indicates that when detecting parallel and perpendicular cracks with the same 
probe, the excitation frequency has a signification influence in amplitude and 
sensitivity of magnetic signals. Finally, the experiment is carried out to verify the 
conclusion. The experiment reveals that with probe passing the parallel and 
perpendicular cracks, the magnetic fields induced by perturbation current and leakage 
magnetic field exist simultaneously in different weighting and sensitivity. The 
tendency of frequency variation in the experiment is in accord with simulation result. 
The optimal excitation frequency of perpendicular and parallel cracks detection is 
1000Hz. 
Keywords: alternating electromagnetic; Parallel crack; Perpendicular crack; Crack 
detection; Total magnetic field; 

0 Introduction  

The Alternating Current Field Measurement (ACFM) has already been applied in cracks 
detection on surface of metal material. Traditionally, ACFM have been subscribed to the 
belief that it was used to detect parallel crack normally. For ACFM, the X component Bx is 
parallel to the crack; the Z component Bz is perpendicular to the piece surface. While no 
crack is present, a uniform current is distributed in the specimen surface. The presence of 
crack would disturb the uniform current. Then, the Bx shows a dip along the crack, Bz shows 
peak and trough [1]. The theory of ACFM is shown in Fig.1.  

In literature [2], the circumferential and axial defects of cylinder could be inspected 
with the same magnet and sensor configuration using the alternating current excitation. 
Author considered that the reason was possibly due to combination of the MFL and induced 
eddy current [2]. In literature [3], 0 to 90 degrees cracks were detected by ACFM probe. 
When the perpendicular crack was detected, the Bx traces consisted of a single peak. Then, 
this signature changes to the defect could be used to show that the probe was not traversing in 
a parallel way over the defect. Literatures [4], [5] have established theoretical foundation of 
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parallel crack in thin-skin electromagnetic field. However, sporadic attention has been paid 
to research the field features around perpendicular crack using ACFM. Thus, this paper will 
focus on exploring the ac-electromagnetic field distribution and frequency feature in 
detection of parallel and perpendicular cracks. 

In this paper, the simulation in finite element method will be carried out to research the 
frequency feature and signatures of perpendicular and parallel cracks in the second part. In 
the third part, the experiments are carried out to verify the simulation result. 

 
Fig.1.The theory of ACFM 

1 Simulations  

To research the ac-electromagnetic field distribution around both parallel and 
perpendicular cracks further, the 3D FEM model was built with the COMSOL Multiphasic, 
as shown in Fig.2. The model parameters were shown in table 1. The magnetic fields physics 
and frequency domain analysis were used in the simulation. To save calculation time, the 
impedance boundary was applied to the specimen surface. 

 
Fig.2.3D FEM model 

 
Table.1.Simulation parameters 

Excitation coil 6KHz, 1A, 500turns 
Specimen Steel σ=1.12e7 S/m, μr=1000 

Al σ=3.77e7S/n, μr=1 
Elements 49695 
Crack  length=10mm, width=0.8mm, depth=3mm 
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1.1 Ac electromagnetic field around perpendicular and parallel cracks  

To research the ac-electromagnetic field features around cracks, there were parallel and 
perpendicular cracks in the specimen surface. Moreover, the steel and aluminium specimens 
were detected respectively. The specimen and cracks were shown in Fig.3. 

 
Fig.3.Contrast simulation model 

The results obtained from the analysis could be compared in Fig.4 and Fig.5. From the 
data in Fig.4 and Fig.5, it was apparent that when detecting steel specimen, the parallel and 
perpendicular cracks could both be detected out obviously. When detecting perpendicular 
crack in steel, the Bx magnetic field signal was different from signal of ACFM, which 
reached its peak in the middle of the crack being similar to magnetic field leakage (MFL) 
signal. When detecting aluminium specimen, only the parallel crack could be detected out 
distinctly. 

  
a) steel specimen b) al specimen 

Fig.4.Bx in steel and aluminium specimen 

  
a) steel specimen b) al specimen 

Fig.5.Bz in steel and aluminium specimen 
A possible explanation for this might be that because of the high permeability of steel, 

there were not only current field but also magnetic field induced in the specimen. Because of 
the skin effect, the alternating magnetic field will concentrate on and magnetize the surface. 
When a crack presents in the surface of specimen, the current will be perturbed in the tips of 
crack inducing a perturbation magnetic field. Moreover, the magnetic flux will leak out of the 
surface forming an alternating magnetic field leakage. However there was only perturbation 
current field exist when detecting crack in aluminium specimen resulting in only the parallel 
crack could be detected out.  

Furthermore, using this feature, it was possible to detect perpendicular and parallel 
cracks in ferromagnetic structure using ACFM probe. 

1.2 Effect of excitation frequency  

Fig.6 to Fig.9 presented the Bx and Bz signals picked when detecting parallel and 
perpendicular cracks in steel of different excitation frequency ranging from 20Hz to 40KHz 
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in steel specimen. It could be seen from the Fig.6 to Fig.7, the Bx and Bz revealed ACFM 
characteristic signal when detecting parallel crack. With frequency increasing, the Bx and Bz 
rose firstly, and dropped later. From the data in Fig.8 and Fig.9, with frequency increasing, 
the Bx and Bz revealed MFL characteristic signals firstly, then, revealed ACFM 
characteristic signals later. Moreover, there was significant distortion point of Bx and Bz in 
the frequency of 10KHz. 

 
 

 
Fig.9.Bx of perpendicular crack 

 
Fig.10.Bz of perpendicular crack 

Then, the sensitivity was used to reveal the frequency effect to the magnetic field signal 
of parallel and perpendicular crack, as shown in formula (1).  

max 0

0

= x x

x

B B

B
 

 (1) 

 
Fig.7.Bx of parallel crack 

 
Fig.8.Bz of parallel crack 
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maxxB -- maximum Bx around the crack, 0xB --- Bx without crack 

Fig.11 showed the sensitivities of parallel and perpendicular cracks in different 
excitation frequency. The curves in the figure revealed that the sensitivities of parallel and 
perpendicular crack rose firstly and dropped later. The maximum sensitivity of perpendicular 
crack appeared in the 1000Hz, then, the parallel crack appeared in the 5000Hz. 

 
Fig.11.Sensitivities of parallel and perpendicular cracks in simulation 

Comparisons of two results revealed that the frequency sensibility of perpendicular and 
parallel cracks were different. To take advantage of this feature, the 1000Hz was chosen as 
optimal frequency to detect cracks using alternating excitation. 

2. Experiments  

The experiment was carried out to verify the assumption and simulation above. The 
ACFM probe was shown in Fig.12. The excitation current was 1A, and the frequency was 
1000Hz. The steel and aluminium specimens with parallel and perpendicular cracks were 
used and shown in Fig.13. The parameters of the crack were length 50mm, width 2mm, depth 
5mm. The experiment results were shown in Fig.14 and Fig.15. 

 
 

Fig.12.ACFM probe Fig.13.Specimen with parallel and perpendicular cracks 

 
a) perpendicular crack  a) perpendicular crack 

  
b) parallel crack b) parallel crack 

Fig.14.Bx magnetic signal of steel specimen Fig.15.Bx magnetic signal of aluminium specimen 
As shown in Fig.14 and Fig.15, the magnetic field signals picked in experiment were in 

accord with the simulation result. It was apparent from these figures that perpendicular and 
parallel cracks could both be detected out with different signal in steel and aluminium using 
alternating excitation. Only the Bx signal of perpendicular crack in steel specimen was the 
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same as magnetic field leakage signal, thus, there was alternating magnetic field leak existing 
around crack when detecting in ferromagnetic material.  

 
Fig.16.Sensitivities of parallel and perpendicular cracks of different frequency in experiment 
To research the frequency feature of ac electromagnetic field, the experiment of 

different excitation frequency ranging from 20 Hz to 40 KHz was explored, and the result 
was shown in Fig.16. Comparing the two results in simulation and experiment, it can be seen 
that the biggest sensitivity of frequency for perpendicular and parallel appeared in 1000Hz 
and 5000Hz respectively, and the optimal frequency was the 1000Hz. Moreover, the 
experiment results were in accord with simulation results, indicating that the simulation 
model was accurate. 

3. Conclusions  

The present study was designed to determine the features of induced alternating 
electromagnetic field for parallel and perpendicular cracks detection. We have carried out 
simulations and experiments of different material and excitation frequency to research the 
electromagnetic field features around the crack.  

This research has shown that when detecting the ferromagnetic specimen using ACFM, 
the alternating electromagnetic field was induced in the specimen. While crack existed in the 
surface of specimens, the induced alternating magnetic field around the crack would leak out 
of the specimen, meanwhile, the induced alternating current field around the crack would be 
disturbed and generated perturbation magnetic field. 

The second major finding was that the Bx and Bz signals flipped in the frequency of 
10KHz. The frequency sensitivities of parallel and perpendicular crack rose firstly and 
dropped later. The maximum value of perpendicular crack sensitivity appeared in the 
1000Hz, then, the parallel crack sensitivity appeared in the 5000Hz. A comparison of two 
results revealed that to take advantage of the alternating electromagnetic field features, 
1000Hz was the optimal frequency. 

The experiment results were obtained to verify the assumption above. It was apparent 
from these figures that the parallel and perpendicular could be detected out using the 
alternating electromagnetic in on scan, and the leakage magnetic field and perturbation 
magnetic field were existence simultaneously in ferromagnetic specimen. 

The most obvious finding to emerge from this study was that using the alternating 
electromagnetic field could both detect perpendicular and parallel cracks in one scan.  

Further research should be done to investigate the theoretical equation on magnetic field 
caused by the arbitrary direction crack in the alternating electromagnetic field. This is an 
important issue for future research that estimating the crack angle in one scan. 
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