
Bobbin Eddy Current Signal Analysis of Alloy 600 TT Steam Generator 

Tube Scale Thickness Based on Electromagnetic Characteristics  
 

Ki-Soo UM and Chang-Soo Kim 
1 

Min-Kyoung KIM and Chang-Jae YIM 
2 

 
1
 Korea Hydro & Nuclear Power Co., Ltd; Daejeon, Korea; E-mail: umexpert@khnp.co.kr, kimcs@khnp.co.kr  

2
 ANSCO, Inc.; Daejeon, Korea; e-mail: minky@ansco.kr, cjyim@ansco.kr  

 
Abstract 
A steam generator is the major component of a nuclear power plant and its integrity is crucial for the nuclear 

safety. Steam generator tube eddy current bobbin inspections are periodically performed for utility to detect tube 

degradation. Scaled deposits on the steam generator tubes cause the performance degradation problem and the 

thickness of the outer diameter tube surface can be measured using the low frequency absolute bobbin data.  

In this paper, a tube mock-up with the various thicknesses of the scaled deposit has been manufactured using the 

mixture of magnetite powder and adhesive material with the spraying method that can improve the density of 

scaled deposits. The experiment with this scaled deposit standard and the analysis results verify that scaled 

deposit thickness accumulated on the outer surface of steam generator tubes can be measured quantitatively 

using eddy current bobbin data. 
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1.  Introduction 
 

In a nuclear power plant, electricity is obtained from turbines driven by high pressure steam 

generated by a steam generator. Steam generator tubes are a pressure boundary between the 

primary side and the secondary side and their integrity should be assured for the safety and 

life cycle maintenance of a nuclear power plant. 

As operating time increases, sludge enters the steam generator secondary side and is 

accumulated on top of the tubesheet. Some of it moves to the upper zone along secondary 

water flow, forming scaled deposits on the outer side of the steam generator tubes due to fluid 

boiling and turbulence. These scaled deposits disturb fluid flow and sometimes result in 

power reduction, thereby causing economic loss. To prevent this, it is necessary to analyze the 

fluid flow change and decrease of thermal transfer efficiency due to scaled deposits and 

estimate the resultant performance deterioration. 

In this paper, a standard for measurement of scaled deposit thickness is manufactured to 

understand eddy current signal changes from different deposit thickness and to quantitatively 

estimate the amount of scaled deposit based on the relationship between the eddy current 

signal voltage and the deposit thickness utilizing steam generator in-service inspection bobbin 

data.  

 

2.  Manufacture of scaled deposit standard 
 

A scaled deposit standard is manufactured with 6 different thicknesses, as specified in figure 1. 

The tube material is alloy 600 TT(Thermally Treated). Table 1 shows the thickness at 6 

different location of a simulated deposit. A mixture of magnetite(Fe3O4) and binder adhesive  

is used to simulate the scaled deposit and this mixture is spread and attached on the tube outer 

surface with different thicknesses, as specified in table 1. After plastic formation of the 

simulated deposit, the standard is dried for data acquisition. 

  



 
Figure 1. Deposit standard drawing 

 

 

Table 1. Thickness of simulated deposit 

Location #1 #2 #3 #4 #5 #6 

Thickness 

(mm) 
0.75 1.25 1.38 3.4 4.3 5.25 

 
 

 

3.  Experiment 
 

3.1 Data acquisition 
 

Eddy current data are acquired with the manufactured deposit standard using a bobbin probe 

for alloy 600 TT. Data acquisition frequencies are set to 600, 300, 150 and 30 kHz, 

corresponding with the frequencies used in the inspection data. The data acquisition speed is 

set to 40 inches per second and the digitization rate to 1,350 samples per second to satisfy the 

sampling rate requirement specified in the ASME(American Society of Mechanical 

Engineering) code of 30 samples per inch. 

Data are collected with the deposit standard and the ASME standard for eddy current signal 

calibration to set the phase and voltage. Both standards are recorded 3 times to confirm data 

reproducibility and the measurement results for the voltage change according to the deposit 

thickness are averaged. 

 

3.2 Electromagnetic characteristics of scaled deposits 
 

Scaled deposits on the outer surface of steam generator tubes are mostly composed of 

magnetite and have conductivity and permeability. The influence of scaled deposits on the 

eddy current signal is complicated, being influenced by both the increase thickness by 

attachment of conductive material and increased permeability by attachment of permeable 

materials. The effect on the eddy current signal by scaled deposits is dominantly influenced 

by the permeability change with only a slight influence of the thickness change. Therefore, 

acquiring eddy current data with a magnetic-saturated bobbin probe can minimize the 

influence by increased permeability and reveals the influence of solely the thickness change in 

the form of voltage difference. The acquired data as noted in Section 3.1, are analyzed to 

observe the variation of the signal voltage from different deposit thicknesses. Table 2 presents 

the eddy current voltage values for each deposit thickness location. The average voltage 



values of 3 runs of the deposit standard are plotted in figure 2. From this figure, it can readily 

seen that the eddy current signal voltage increases linearly as the deposit thickness increases 

 

 

Table 2. Voltage vs. deposit thickness 

Thickness  

(mm) 

Voltage 
0.75 1.25 1.38 3.4 4.3 5.25 

1 10.75 18.61 22.90 34.66 38.44 40.41 

2 11.44 19.39 23.69 36.31 40.07 42.25 

3 11.47 19.70 23.60 36.18 40.28 43.17 

Average 11.22 19.23 23.40 35.72 39.60 41.94 

 

 

 
Figure 2. Voltage vs. deposit thickness curve 

 

 

3.3 Analysis of scaled deposit signal 
 

In the case of bobbin data, the scaled deposit on tube outer surface could be observed best in a 

low frequency absolute channel. Deposit signal observation results with different phase 

settings reveals that it is better to set  the TSP(tube support plate) signal in the ASME 

standard to 330 ~ 360 degrees than to 270 degrees to maximize the voltage change with 

different deposit thicknesses. Figure 3 shows this voltage change effect induced by phase 

setting. 

 

 



 
Figure 3. Deposit voltage with different phase settings 

 

In Figure 4, the scaled deposit accumulated in an actual steam generator tube can be observed 

with the phase setting stated above. Using this relationship between the signal voltage change 

and scaled deposit thickness in the bobbin low frequency absolute channel, the deposit 

thickness of actual steam generator tubes can be measured. 

 

 

 
Figure 4. Actual tube data with scaled deposit 

 

 



4.  Conclusion 
 

A scaled deposit standard is manufactured to measure deposit thickness on the outer surface 

of steam generator tubes. Bobbin coil data are acquired using the manufactured standard and 

eddy current data behaviour in accordance with different deposit thicknesses is observed and 

analyzed. The analysis results show that the signal voltage increases linearly as the deposit 

thickness increases and this can be observed best in a low frequency absolute channel 

providing enough resolution to differentiate the scaled deposit thickness. The experiment and 

analysis results, verify that scaled deposit thickness accumulated on the outer surface of steam 

generator tubes can be measured quantitatively using eddy current bobbin data.  
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