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Abstract 

As the aging of steel pipes used for sign pole is caused by the corrosion near ground, a quantitative evaluation of 

the corrosion location and thinning rate from the ground surface is required. Therefore, we have proposed a 

magnetic nondestructive testing for the steel pipes using two magnetic sensors, and it was possible to inspect the 

underground corrosion defects. However, in order to improve the accuracy of estimating the thinning rate and 

position of underground corrosion, the optimization of the inclination angle of the magnetic sensor probe and the 

distance between two magnetic sensors has been required. Therefore, in order to extract the signal change caused 

by the thinning rate of the test sample and the measurement distance, the distance dependence which is the 

relationship between the signal intensity and the measurement distance was measured and the measured value was 

normalized by the signal intensity measured at uncorroded area. As a result, the difference between the signal 

intensity at the uncorroded part and that near the corrosion defect could be clearly extracted. Furthermore, the rate 

of change of signal intensity increased by changing the tilt angle of probe and the distance between two sensors. 

Using the optimized magnetic sensor probe and applying the normalized distance dependence, we succeeded in 

the quantitative evaluation of the thinning rate and position of corrosion defects. 
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1.  Introduction 
 

The aging of steel pipes used for lighting and sign poles that are a part of social infrastructure 

is becoming a problem. This aging is often caused by the corrosion of steel pipes generated near 

the ground which is located several tens of millimeters from the ground line. The accident that 

the structure collapses has been reported due to the growth of ground corrosion defects [1]. 

Currently, a general maintenance inspection of ground corrosion defect is a visual inspection 

performed by excavating the ground. However, it is difficult to detect the corrosion defects near 

the ground quickly and quantitatively with such an inspection method. Based on the extremely 

low frequency eddy current testing (ELECT) [2-4], we have developed the integrated magnetic 

sensor probe with two tilted sensors in order to detect the corrosion near the ground from the 

ground surface [2, 5, 6]. Using this probe, a correlation between the signal attenuation due to 

the corrosion near ground and the thinning rate was obtained [2, 6]. In order to improve the 

accuracy of estimation for the thinning rate and position of underground corrosion, the 

optimization of the inclination angle of the magnetic sensor probe and the distance between two 

sensors has been required. 

To improve the accuracy of corrosion position, it is necessary to increase the rate of change in 

distance dependence which is the relationship between the signal intensity and the measurement 

distance from the corrosion defect. In this sutdy, the distance dependence was measured using 

the test sample that assumes corrosion defect. Using the distance dependence normalaized at 

the uncorroded part, we attempted to clearly detect the difference between the signal intensity 

at the uncorroded area and the corrosion defect. The increase of the rate of change in the signal 

intensity was also investigated by optimizing the inclination angle (30°, 40°, and 45°). In 

addition, we developed the magnetic sensor probe with two sensors and optimized the distance 

between two sensors so that the rate of change in the signal intensity increases. Based on these 

results, the normalized distance dependence measured by the optimized magnetic sensor probe 
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was calculated, and examined the method that can quantitatively evaluate the thinning rate and 

position of corrosion defects. 

 

2.  Measurement 
 

The schematic of measuring system and test sample is shown in Fig 1. The system consisted of 

a current source, a function generator, a magnetic sensor probe, an amplifier, a lock-in detector, 

and a PC. The magnetic sensor probe consisted of an anisotropic magneto resistive (AMR) 

sensor, an induction coil and a cancellation coil. The test sample was a steel plate with three 

types of defects; 60 mm in wide and 1, 2, and 3 mm in depth assuming corrosion defects. The 

plate thickness of the uncorroded part was 4 mm. The test sample dimensions were 200 mm × 

350 mm and the material was SS400. The applied frequency was 3 and 50 Hz, and the magnetic 

field vector of each frequency was measured. Furthermore, the intensity of the differential 

magnetic field vector was calculated by subtracting the magnetic field vector of 3 Hz from that 

of 50 Hz. Using the intensity of this differential magnetic field vector, it is possible to extract 

the signal attenuation due to the corrosion. 

Measurements were performed at 10 mm intervals from the thinning zone. The lift off which is 

the distance between the sample and the edge of probe (see Fig. 1) was 10 mm and the applied 

current was 200 mA. Additionally, the distance dependence which is the relationship between 

the signal intensity and measurement distance from the thinning zone was obtained. 

 

3.  Result 
 

Figure 2 shows the distance dependence before and after normalization. The values of Fig. 2(b) 

shows the normalized one by the signal measured at the uncorroded part sufficiently away from 

the corrosion defect. Regardless of the normalization, the differential intensity decreased as the 

defect depth increased. 

 
 

Fig. 1. Configuration of test sample and measuring system. 



 
 

 

 

Fig. 2. Distance dependence before and after normalization. 

 

However, when the measured signal was normalized, the attenuation of the differential intensity 

for the uncorroded part was quantitatively evaluated. Furthermore, the normalized differential 

intensity approached 1.0 at a measurement distance of more than 50 mm (Fig. 2(b)). This means 

that the differential intensity was similar to that of the uncorroded part and was saturated. These 

results indicate that the normalized differential intensity enabled to quantitatively extract the 

difference of signal intensity between the uncorroded area and the corrosion defect. 

Then, the tilt angle of the magnetic sensor probe was optimized to improve the detection 

performance of corrosion defects. The differential signal was measured using three types of tilt 

angle; 30°, 40° and 45°, and the rate of change of the differential intensity was examined. The 

test sample used had a defect with the depth of 3 mm, and the measurement conditions were 

the same as those for the measurement of the distance dependence. 

Figure 3 shows the distance dependence of each tilt angle. When the tilt angle was 45°, the 

differential intensity was approximately 0.6, which was the smallest at the measurement 

distance of 0 mm (Fig. 3(c)). However, when the measurement distance increased, the 

differential intensity converged to the same level as that of the uncorroded part at a position of 

approximately 40 mm. Moreover, when the inclination angle was reduced to 30° or 40°, the 

normalized differential intensity was approximately 0.9 which is less than the uncorroded part 

even at the position of 40 mm (Figs. 3(a), (b)). Thus, it was found that the differential intensity 

changed compared to that at uncorroded part at the tilt angle of 30° and 40° even if the 

measurement distance was increased. In this study, tilt angle of 40° is considered to be optimum 

because the differential intensity greatly decreased when the measurement distance was 

between 0 and 30 mm, and the differential intensity also changed when the measurement 

distance increased more than 30 mm. 

In Fig. 4, the magnetic sensor probe with two tilt sensors which were fixed at 40° is depicted. 

The distance between the two sensors can be changed, and the distance between the sensors 

was optimized to estimate the position of the corrosion defect. The distance dependence of four 

sensor distances (23, 30, 35, and 40 mm) were measured. The defect depth of the test sample 

used was 3 mm, and the measurement conditions were the same as those for the tilt angle 

optimization. 

Figure 5 shows the distance dependences of each sensor distance. As the distance between 

sensors decreased, the rate of change of the differential intensity for sensor 2 tended to increase. 

In the case of the closest sensor distance of 23 mm, the differential intensity of sensor 2 was 

0.85 at the measurement distance of 0 mm and this differential intensity was the smallest (Fig. 

5(d)). Furthermore, the attenuation of the differential intensity can be confirmed up to a 

(a) Before normalization (b) After normalization 



measurement distance between 30 and 40 mm. Based on these results, the distance between the 

sensors of 23 mm was selected. 

 

 
 

 
 

 

 

Fig. 3. Distance dependence for each inclined angle. 

 

 

 
 

Fig. 4. Configuration of the developed variable magnetic sensor probe. 

 

(a) Inclination angle 30°  (b) Inclination angle 40° 

(c) Inclination angle 45° 



 

 

 

 

 

Fig. 5. Distance dependence of each distance between two sensors. 

 

(a) Distance dependence of 40 mm distance between two sensors 

(b) Distance dependence of 35 mm distance between two sensors 

(c) Distance dependence of 30 mm distance between two sensors 

(d) Distance dependence of 25 mm distance between two sensors 



 
 

Fig. 6. Distance dependence of samples with different thinning rates. 

 

 
 

Fig. 7. Relationship between normalized differential intensity and plate thickness. 

 

Considering the obtained results, the magnetic sensor probe with the inclination angle of 40° 

and the 23 mm-distance between sensors was developed. The distance dependence obtained by 

test samples with different thinning rate using the developed magnetic sensor probe is shown 

in Fig. 6. In the distance dependence of sensor 1, it was possible to determine the defect depths 

up to the measurement distance near 50 mm. Moreover, in the distance dependence of the sensor 

2, it was possible to determine the defect depths up to the measurement distance of 

approximately 30 mm. Since the differential intensity changed depending on the thinning rate, 

a quantitative evaluation of the thinning rate is possible. Furthermore, as the differential 

intensity obtained by the sensors 1 and 2 changed due to the measurement distance, the position 

of corrosion defects could be estimated quantitatively by using the distance dependence of the 

test sample as a calibration curve. For example, if the intensity of sensor 1 was approximately 

0.75, and the intensity of sensor 2 which is 23 mm away from the sensor 1 was approximately 

0.92, the defect depth could be estimated as 3 mm. In addition, the position of the corrosion 

defect could be also estimated from the sensor 1. 

Next, the rate of plate thickness was calculated from the normalized differential intensity. 

Figure 7 shows the relationship between the differential intensity at the measurement distance 

of the sensor 1 and the thinning rate of the plate thickness. As the measurement distance 

decreased, the rate of change of the differential intensity increased. In the case of the 

measurement distance of 0 mm, when the differential intensity was approximately 0.75, the 

plate thickness was calculated as approximately 0.5 for the uncorroded part. When the 



differential intensity was approximately 0.65, the plate thickness was calculated in the same 

way as approximately 0.25 at the uncorroded part. Therefore, the rate of plate thickness can be 

also possible to calculate quantitatively. 

 

5.  Conclusion 
 

In this study, the distance dependence which is the relationship between the signal intensity and 

the defect position from the sensor was measured and the obtained data was normalized with 

the signal intensity measured at the uncorroded area. As a result, it was possible to clearly 

extract the difference between the signal intensity at the uncorroded area and the corrosion 

defect. The inclination angle of the magnetic sensor probe and the distance between two sensors 

were optimized by measuring a test sample, and the corrosion defects located at deep position 

was detected. In addition, using the optimized magnetic sensor probe with two sensors, it was 

possible to estimate the thinning rate and position of defect. It is concluded that from the 

obtained results that the corrosion defects near the ground can be quantitatively evaluated using 

the normalized distance dependence and the relationship between differential intensity and plate 

thickness. 
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