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Abstract 

Recently, the aging of buildings and infrastructure facilities is becoming a social problem. In the steel structure, 

the nondestructive evaluation with high lift-off is required to inspect the steel material under the asphalt or 

concrete, such as the steel floor slabs of roads. Under the high lift-off condition, the influence of the magnetic 

noise and applied magnetic field should be reduced because the signal from the crack is small. In order to reduce 

the influence of the magnetic noise, in this study, the detection of crack signal by eddy current testing was 

examined using a detection coil of a differential coil. This differential coil is a secondary differential coil 

combining two differential coils aiming for improving the signal to noise ratio (SNR) by reducing the influence 

of the magnetic noise and applied magnetic field. Using this secondary differential coil, the crack with high lift-

off of 80 mm was detected, and it is expected to detect the cracks in steel structures located under the asphalt or 

concrete. 
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1.  Introduction 
 

As about 60 years have passed since the high economic growth period in Japan, the aging of 

metal parts such as the corrosion and cracks is becoming a serious problem [1], which are 

used in the highways, bridges and buildings. Thus, a technology to detect the aging of metal 

parts is required [2]. Some highways and bridges have steel plate under the asphalt or 

concrete, such as the steel floor slabs of roads. In the nondestructive evaluation (NDE) of 

highway and bridge, it is required to inspect the steel material with a distance between the 

sensor and steel structure (high lift-off). We have developed magnetic NDE technologies 

using the eddy current testing and the magnetic flux leakage testing [3-5]. In this study, the 

detection of crack with high lift-off was investigated by ECT using a copper coil as a 

detection coil. Under the high lift-off condition, the signal from crack is small, and the noise 

peculiar to the magnetic material and the applied magnetic field makes the signal detection 

difficult. Therefore, the influence of the magnetic noise and applied magnetic field should be 

reduced. In order to reduce the influence of the magnetic noise, a detection coil made of 

secondary differential coil combining two differential coils was developed and we attempted 

to detect a defect signal using this differential coil under the high lift-off condition. In 

addition, we investigated the optimal condition for crack detection by changing the relative 

angle between the coil unit and the crack. 

 

2.  Specific instructions 

 
2.1 Secondary differential coil 

In this study, the detection and induction coil were made of copper wire (Fig. 1). The inner 

diameter of induction coil is 100 × 160 mm with 50 turns (wire diameter: 0.4 mm), and the 

induction coil was also prepared by connecting two coils in reverse, and it can generate a 

dipole-like induced current under the center of the coil. The inner diameter of detection coil is 
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21 × 31 mm with 100 turns (wire diameter: 0.3 mm), and the secondary differential coil was 

prepared using two sets of differential coils as a detection coil. The detection coil is wound in 

the direction of the arrow shown in Fig. 1, and the coils connected in the order from 1 to 4 

works as a secondary differential coil. By arranging two sets of differential coils in layers, it is 

possible to improve the signal to noise ratio (SNR) by reducing the magnetic noise and the 

influence of the applied magnetic field. 

 

 
Fig. 1. Schematic of the coil unit. 

 

2.2 Measurement system 
Figure 2 shows the configuration of the measurement device used in this study. The current 

source was controlled by a function generator and the output of current source was applied to 

the induction coil. Then, the signal from the detection coil (secondary differential coil) was 

measured by a lock-in amplifier and the detected signal was saved on PC. At the same time, 

the position information where the magnetic field signal was obtained was also recorded by 

the logger. The induction / detection coil and various power supplies were implemented to a 

hand cart, and the guide rails were constructed on both sides of the sample, as shown in Fig. 3. 

This enabled to move the measurement system easily above the sample [6]. The lift-off can be 

changed by adjusting the height of the coil unit. The hand cart was moved from the edge to 

edge of sample (1 line scan), and the data of nine lines with 30 mm intervals was measured 

for imaging. 

 

 
Fig. 2. Schematic of the measurement system. 
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Fig. 3. Schematic of the system arrangement. 

 

2.3 Measurement sample 

Two steel plates (SM490A) with a crack were used as a test sample. The size is 0.7 m in 

width, 1.0 m in length and 6 mm in thickness. Each sample has surface cracks of 50 and 100 

mm in size and 4 mm in depth. In addition, the distance between the sample and the detection 

coil was 80 mm. This lift-off (80 mm) is enough high considering the practical inspection 

because the typical thickness of asphalt pavement is approximately 50 mm. In addition, the 

angle dependence of crack and coil unit was evaluated by changing the angle of the induction 

coil to the slit. Furthermore, the relative angle between the induction coil and the detection 

coil was also investigated. 

 

3.  Results and Discussion 
 

3.1 Coil angle to the crack 

At first, the difference of the signal depending on the angle of the coil unit to the crack was 

evaluated. The induction and detection coils are arranged, as shown in Fig. 4 (Top view). 

The signals of three angle patterns show in Fig. 4 were measured under the condition of 80 

mm-lift-off, applied frequency of 1 kHz, and current amplitude of 1 A. Figure 5 shows each  
 

 

 
Fig. 4. Schematic of the coil angle. 
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Fig. 5. Dependence of the coil angle. 

 

mapping data. A sample with the crack of 100 mm was located on the left side and that of 50 

mm was located on the right side. 
From the result of Fig. 5(1), the signal change was not observed in the entire sample, and 

crack was not detected. When the signal was measured using the pattern (2), it seems that the 

signal changed slightly over a wide area around the crack compared to the case of pattern (1). 

However, it was difficult to detect the crack using the pattern (2). Finally, as can be seen in 

the pattern (3), clear signal changes above the cracks of both 50 and 100 mm were observed, 

and the crack could be detected unlike the patterns (1) and (2). From these results, it was 

found that the degree of crack detection depends on the angle of the coil unit. In the pattern 

(3), the signal changes above the crack, and the change is more clearly seen in the crack with 

a width of 100 mm. This is considered to be caused by the relative angle between the applied 

current dipole and the crack. To investigate the dependence of coil angle on the eddy current 

distribution, the eddy current distribution generated in the sample at angles (1) and (3) was 

analyzed by the finite element method. Figure 6 shows the eddy current distribution from just  

 

 
Fig. 6. Simulation analysis of eddy current distribution. 



above the crack and that of the cross sectional view at the center of the crack. 

In the pattern (1), the current dipole and the crack are parallel, while they are orthogonal in 

the pattern (3). It was found from the pattern (3) that the eddy current was generated so that 

the eddy current bypasses the crack and the eddy current flow changed near the crack. 

Because of this, the crack was detected. In the pattern (1), the current dipole and the crack are 

parallel to each other and the eddy current does not bypass like the pattern (3). As a result, the 

crack was not detected. From the above results and simulation analysis, the detection of the 

crack had an angle dependence of the coil unit, and the pattern (3) in which the applied 

current dipole and the crack are orthogonal to each other was most suitable for the detection. 

 

3.2 Relative position of the coil 
All experiments in Section 3.1 were conducted with the induction and detection coils were 

arranged as the pattern A shown in Fig. 7. To investigate the angle dependence of detection 

coil, the detection coil was rotated 90° from the arrangement of A, the measurement was 

performed in the arrangement of B, and the dependence of detection performance on the 

relative angle between the induction and detection coils was compared. The signal was 

measured under the three patterns of angles between the detection coil and the crack measured 

at 3.1, and a total of 6 patterns of measurement results were compared. The measurement 

conditions were the same as 3.1. 

 

 
Fig. 7. Angle to the induction coil of the detection coil. 

 

Figure 8 shows the measurement results for the three patterns of pattern B shown in Fig. 7. In 

Figs. 5(1) and (2), the crack could not be detected as described above, and in Fig. 8 (4), no 

signal change was also seen around the crack. Therefore, the detection of crack was difficult 

when the eddy current dipole is parallel to the crack. On the other hand, there were three 

patterns (Fig. 5(3), Figs. 8(5) and (6)) that could confirm the signal changes around the crack. 

In patterns of (3) and (5), the signal change was confirmed just above the crack. Although the 

crack of 50 mm was not detected in the pattern (6), a signal change was seen as the form of a 

quadrupole at the four corners of the crack. In these three patterns, the crack of both 100 and 

50 mm were detected, and it was the pattern (3) that can detect the crack the most clearly. In 

addition, in the case of the pattern (5), the signal changes were seen at 100 and 50 mm 

although these changes were not as clear as the pattern (3). From this result, it was confirmed 

that when the coil unit with the arrangement of B was used, the detection was possible even 

when the current dipole and the crack were not orthogonal. 

A B

0° 90°



 
Fig. 8. 2D mapping image (3 pattern). 

 

4.  Conclusion 
In this study, the magnetic noise and applied magnetic field were reduced by using a 

secondary differential coil as the detection coil, and slit-like cracks were detected with high 

lift-off. In addition, the degree of detection depended on the angle of the coil unit with respect 

to the crack. From the analysis of the measurement results and simulation, the arrangement in 

which the crack and the applied current dipole are orthogonal was the most sensitive, and 

detection was possible even at a high lift-off of 80 mm. By using this method, it is expected to 

detect the cracks in steel structures located under the asphalt or concrete. 
 

References 

1. T. Tamakoshi, M. Hoshino, A. Ichikawa, “Survey on Deterioration and Damage of Road 

Attachment Facilities”, Technical Note of National Institute for Land and Infrastructure 

Management, no.685, 2012. 

2. P. Kaviani, R. Anousheh, V. Carlos, “Fracture Critical Bridge Inspection”, Structure 

magazine, pp. 12-14, 2016. 

3. K. Tsukada, Y. Haga, K. Morita, N. Song, K. Sakai, T. Kiwa, W. Cheng, “Detection of 

inner corrosion of steel construction using magnetic resistance sensor and magnetic 

spectroscopy analysis”, IEEE Trans. Magn., vol. 52, no. 7, 6201504, 2016. 

4. K. Tsukada, T. Kiwa, T. Kawata, and Y. Ishihara: “Low-Frequency Eddy Current Imaging 

Using MR Sensor Detecting Tangential Magnetic Field Components for Nondestructive 

Evaluation”, IEEE Trans. Magn., Vol. 42, 10, pp. 3315 – 3317, 2006. 

5. K. Tsukada, T. Yasugi, Y. Majima, K. Sakai, and T. Kiwa: “Detection of Inner Cracks in 

Thick Steel Plates Using Unsaturated AC Magnetic Flux Leakage Testing With a 

Magnetic Resistance Gradiometer”, IEEE Trans. Magn., Vol. 53, no. 11, 2501305, 2017. 

6. A. Tsukamoto, T. Hato, S. Adachi, Y. Oshikubo, W. Cheng, K. Enpuku, K. Tsukada, K. 

Tanabe, “Eddycurrent Testing System Using HTS-SQUID With External Pickup Coil 

Made of HTS Wire”, IEEE Trans. Appl. Supercond, vol. 27, no.4, 1600505, 2017. 


