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ABSTRACT 

 
Eddy current is a very important NDT inspection method widely used to perform integrity evaluation of tubes 

installed in heat exchangers. For nuclear power plants, a classical example is the remote inspection of steam 

generators and condensers, as well as other ordinary auxiliary equipment. Data evaluation can be performed by 

means of precise phase and amplitude measurements of complex impedance signals, represented as Lissajous 

figures plotted on the screen of the inspection systems. This paper presents the software EASY, a computer 

assisted analysis system developed at CDTN to help the characterization of volumetric discontinuities present in 

heat exchangers tubes. Data to be analyzed are obtained from commercial eddy current equipments data file, 

such as ECT MAD8D. Main advantage of that system is its portability and easy use, since it can be executed in 

ordinary PC, under Microsoft Windows
®
 operating system. 

 

 

1. INTRODUCTION 

 

Eddy current is a nondestructive test - NDT - widely used in industry to support integrity 

analysis of components and equipment [1]. Eddy current test is based on the induction of 

electric current in conductive materials, as shown in the Fig. 1. It can be verified that an 

inductor coil generates a primary magnetic field which is responsible for the induction of 

eddy currents on the surface and sub-surface of the material [2]. Those induced currents 

generate a secondary magnetic field that is in opposition to the first one. The interaction of 

the two fields results in a certain value of complex impedance for the probe coil that can be 

measured by the inspection system. The generation of eddy currents depends on the test 

frequency and three factors related to the material to be examined: geometry, electrical 

conductivity () and magnetic permeability ().  

 

The presence of discontinuities or conductivity and/or permeability changes can be 

interpreted as non-homogeneity of the material and will interfere in the behaviour of the 

induced currents. Consequently, the value of the complex impedance of the coil changes too. 
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Figure 1. Generation of eddy currents. 

 

 

 

In a basic inspection system an alternated current source feeds, by means of a power 

amplifier, the coil of a testing probe, which complex impedance is constantly measured and 

displayed on the screen of a display instrument or video monitor. The shape of this trajectory 

represents the measured signal and depends on: the kind of the detected discontinuity, the test 

frequency and the electrical and magnetic of the material and the probe electric and geometric 

characteristics. Several operating parameters can be adjusted to perform a test such as: 

operating frequency, intensity of the primary field, gain of the system, inclination (phase) of 

the displayed signals (Lissajous figures), etc. Basic analysis tasks are performed measuring 

inclination and/or amplitude of such signal and comparing them to other ones, previously 

obtained from existing discontinuities of reference standards. Depending on the employed 

test technique, figures can assume different shapes. 

 

For tube inspection, the most common is the differential pattern, characterized by its 

symmetry, as shown in Fig. 2. It can be said that accurate phase and amplitude measurement 

of Lissajous figures is one of the most important aspects of the data evaluation process. 

 

 

 

 
Figure 2. Typical Lissajous figures for differential technique. 
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Some eddy current inspection equipment, such as the Eddy Current Technology - ECT - 

model MAD8D, are really computer based systems. In that case, main advantage is the 

excellent cost/benefit ratio, when compared to dedicated units. Overall phase/amplitude 

measuring accuracy of MAD8D can be considered satisfactory, but the analysis interface and 

the evaluation process, extremely based on the PC keyboard typing, is commonly referenced 

as not very friendly. As alternative an eddy current data analysis system was developed at the 

non-destructive tests laboratory of the Nuclear Technology Development Center - CDTN - 

and is presented in this paper. 

 

2. EDDY CURRENT DATA FILES IN MAD8D 

 

Since a given tube is inspected with MAD8D eddy current equipment, the corresponding 

obtained data signals can be recorded as a binary file. The file extension is .ecd (eddy current 

data). Manufacturer established an identification code for each recorded file, taking in 

account that the inspected objects are tubes installed in heat exchangers. So, a classical row-

column identification system was adopted. Detailed information concerning to this file 

identification method can be found in the equipment operating manual [3]. 

 

Concerning to the binary files data format, the first two hundred bytes saved to the file name 

contains information about the eddy current instrument settings at the time the data was 

saved.  Starting with the 200
th

 byte, the raw eddy current data appears on disk in 16 byte 

blocks.  Each 16 byte block contains 8 numbers made up of 2 bytes that range from -2048  to  

+2047.  The first pair of bytes is the value for Channel #1 horizontal (H1).  The least 

significant byte is stored first; the most significant byte is stored after. The value of the most 

significant 4 bits of the most significant byte will be always zero (or F). The value 0000 

corresponds to 0 volts, which is the center of the screen.  The highest value is 07FF which 

corresponds to +8 volts. The lowest value is F800, which corresponds to -8 volts.  One bit 

corresponds to 3.91 mV, or 8/2048 volts. 

 

After this, the two byte corresponding to the value of Channel #1 vertical (–V1) is stored as 

two bytes on disk.  Notice that the vertical value is stored in the same format as the horizontal 

value, except that the vertical value is multiplied by -1 before being stored. After the storing 

of the values for Channel #1, the process is executed for Channels #2, #3 and #4, completing 

the first 16 byte block. Additional 16 byte blocks follow and correspond to the horizontal and 

vertical values taken in each sample. Fig. 3 presents the binary data file organization. 

 

 

 

 
 

 

 

 

 

 

Figure 3. MAD8D binary data file organization. 

 

 

 

      

 

    | 0………………....…199 | 200 .....……………………………….......................…...215  |  

 

Instrument settings data H1 -V1 H2 -V2 H3 -V3 H4 -V4 
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3. EASY: AN EDDY CURRENT DATA ANALYSIS SYSTEM 
 

Since eddy current data are stored as binary files and their logical format is known, the 

viability to develop an alternative data analysis system was considered and implemented. The 

system here presented was developed using Borland Delphi 7 compiler [4]. The obtained 

program was called EASY (Eddy current data Analysis SYstem). The main tasks that can be 

performed by such system are: 

 

- Data file access, including searching, opening and loading capacities; 

- Simultaneous multichannel data plotting on XY screen and/or strip-chart; 

- Transient selection and zooming tools, using PC pointing device (mouse or touchpad); 

- Semi automated phase and amplitude measurements (using PC pointer device); 

- Automatic evaluation of discontinuities (based on ASME compliant tables/curves). 

 

Minimum system requirements are: 

 

- Processor INTEL Pentium IV or AMD Athlon 64 (Multicore processors do improve 

the overall performance) with 2 GB RAM; 

- Video adapter and monitor resolution 1024 x 768 pixels or higher; 

- Operating system: Microsoft Windows
®
 XP, Vista or 7. 

 

As the file easy.exe is executed, its main window is presented at the video monitor screen as 

showed in Fig. 4. All parameters set in MAD8D equipment during the inspection are 

displayed in six panels (Channels #1 to #4 and Mixers #1 and #2), located at the top of the 

screen.  Notice that in this screenshot all labels were showed in Portuguese language.  

 

 

 

 
Figure 4. Easy main screen. 
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Such parameters can be loaded from any existing configuration file or introduced manually 

by means of the “Test Configuration” window, as presented in Fig. 5. In this case only the 

operating parameters related to Channels #1 and #2 and Mixer #1 were declared. 

 

Another relevant information is the sample rate (conversions per second) employed at the 

inspection time. Once all parameters were informed it is recommended to save them in a 

configuration file. Default path is: C:\Easy\Config.  

 

 

 

 
Figure 5.  “Test configuration” window. 

 
 
 

Returning to the EASY main window, it can be observed that only the panels corresponding 

to the active channels and mixer became active and the parameters values are displayed, as 

showed in Fig. 6. Notice that V/div and all Mixer parameters are shown in red color. For 

those ones, even at the analysis time it is possible to change them.  
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Figure 6. EASY main window showing parameters values in panels effectively used. 

 

 

Bellow the panels there are two strip-charts. As a file is loaded, all data corresponding to an 

inspected tube are plotted. The charts can present the vertical or the horizontal signal 

components from any channel or mixer, selectable by the analyst. The horizontal axis 

represents the total acquisition time (or tube length if the inspection probe velocity was kept 

constant). 

Fig. 7 shows the signals obtained from an ASME [5] code compliant calibration standard 

titanium tube, similar to those installed at ANGRA NPP Unit I condensers (25.4 mm in 

diameter and 0.68 mm in wall thickness). That standard contains eight volumetric 

discontinuities. Charts were set to display Channel #1 horizontal and vertical signal 

components.  

 

 

 

 
Figure 7. Strip charts showing Channel #1 vertical and horizontal signal components. 
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Since all recorded data are displayed, vector analysis can be performed. To start this process, 

it is necessary to isolate a given discontinuity, the second from left to right for example, using 

the existing PC pointing device. As it can be observed in Fig. 8, the selected area is grayed 

and the corresponding Lissajous figures are plotted in all XY screens. The first screen was set 

to show Channel #1 signals and the second one shows Channel #2. The third screen presents 

Mixer #1 data. The selected start/end acquisition time (in ms) is displayed at the lower left 

corner of the main screen. Any other discontinuity can be found and isolated with this simple 

procedure.  

 

 

 

 
Figure 8. Signal isolated in the strip-charts and displayed in the XY screens.  

 

 

 

Essentially, the analysis process is a phase/amplitude measuring procedure. To find the 

corresponding values the following steps should be executed: 

 

- As the mouse cursor passes over any XY screen its shape changes to a cross; 

- Assuming the ASME code recommendations, as the vector origin is established the 

left button of the mouse should be pressed. A small black square will be drawn 

exactly in this place; 

- Then, as the vector termination is found, the right button of the mouse should be 

pressed. A small black circle will be drawn in this place. Phase and amplitude values 

will be immediately shown in the lower left corner of the corresponding XY screen. 

For the signal displayed in Fig. 9, phase is 38
o
 and amplitude is 3.98 V. Since no 

evaluation table file was created or loaded, the automatic evaluation system displays 

the label 0% ext. 
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Figura 9. Phase and amplitude measuring process. 

 

 

 

Automatic evaluation depends on the access to an adequate Evaluation Table or Curve 

constructed accordingly to the ASME code recommendations. Easy has its own Evaluation 

Table/Curve editor, which interface can be observed in Fig. 10. 

 

 

 

 
Figura 10. EASY Evaluation Table/Curve editor interface. 
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Basically, it is a spreadsheet style interface, where each line can be filled with actual 

reference standard tube wall thicknesses losses (in percentage) and the corresponding 

Lissajous figures measured inclinations (in degrees).  Fig. 11 shows data corresponding to the 

five external discontinuities machined in a titanium reference standard tube. 

 

 

 

 
Figura 11. EASY evaluation table containing data of the five external flaws. 

 

 

 

Fig. 12 shows three evaluation curves generated by EASY for the data showed in Fig. 11. 

Channel #1 curve is plotted in red color, while Channel #2 is plotted in blue and Mixer #1 in 

red. All evaluation data and curves may be saved as PC files (.tbl extension) and reloaded 

later. 

 

 

 

 
Figure 12. Examples of EASY evaluation curves. 
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During data analysis time, if a valid evaluation table/curve is used the automatic evaluation 

(tube wall thicknesses losses) information is displayed in the lower left corner of the screen, 

close to the amplitude and phase values, as showed in Fig. 13. 

 
 

 

 
Figure 13.  EASY automatic evaluation process example. 

 

 

 

4. CONCLUSIONS 

 

Quantitative eddy current data analysis could be performed by means of other program than 

the original ECT MAD8D keyboard based system. EASY is a simple but effective Microsoft 

Windows
®
 compatible program that can be used to perform that task. Automatic evaluation 

of discontinuities, based on ASME compliant tables/curves, can be performed. The accuracy 

and precision of EASY measuring capabilities can be considered good and are also ASME 

compliant. Inspector/analyst productivity is effectively improved. 
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