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EDDY CURRENT DATA UNION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention pertains generally to eddy current data 

obtained from the nondestructive examination of a compo 
nent and, more particularly, to a method of synthesizing 
eddy current data to be used for training data analysts and/or 
testing inspection techniques. 

2. Related Art 
Nondestructive examination of components is carried out 

in a number of ?elds and is particularly important in the 
periodic inspection of steam generator tubing that forms part 
of the primary circuit of a pressuriZed Water reactor nuclear 
steam supply system. The integrity of the steam generator 
tubing in the primary circuit of a pressuriZed Water nuclear 
reactor steam supply system is essential to assure that 
radioactive coolant from the reactor does not contaminate 
the secondary side circuit in Which it is in heat transfer 
relationship to create steam to drive a turbine Which in turn 
drives a generator to create electricity. The hot leg of the 
nuclear reactor coolant loop is connected to one side of a 
hemispherical plenum on the under side of the steam gen 
erator. The hemispherical plenum is divided into tWo sub 
stantially equal parts and bounded on its upper side by a tube 
sheet. The heat exchanger tubes extend from one side of the 
hemispherical plenum through the tube sheet into the sec 
ondary side in a U-shaped design that terminates through the 
tube sheet to the other side of the hemispherical plenum. The 
other side of the hemispherical plenum is connected to a cold 
leg of the nuclear reactor coolant loop. There are hundreds 
of tubes Within the steam generator communicating betWeen 
the hot side and the cold side of the plenum. To ensure the 
integrity of the tubes, periodically, during reactor outages, 
the plenum is accessed through manWays and the tubes 
inspected. Eddy current probes are inserted into the tubes 
and the tube position and data read by the eddy current 
detectors are recorded to identify any ?aWs that may have 
developed in the tubes during the preceding service period 
betWeen inspections. The eddy current data takes the form of 
signal patterns, Which require a great deal of experience to 
interpret to identify the existence, type and extent of any 
?aWs that may be present in the tubing. If ?aWs are detected 
that exceed a given criteria, the corresponding tubing is 
plugged and thus taken out of service to reduce the likeli 
hood of failure during the forthcoming reactor operating 
cycle. 

Obtaining eddy current data representative of the various 
kinds of ?aWs that are likely to be encountered under ?eld 
conditions, among a background of scattering data and other 
noise encountered in the ?eld, to train data analysts and test 
inspection techniques, is extremely dif?cult and expensive. 
HoWever, such training is essential to being able to properly 
interpret eddy current data. Similarly, the testing of inspec 
tion techniques is necessary to understand the probability of 
detecting different types of ?aWs and the affect the siZing of 
a ?aW has on the various discontinuity responses. 

Accordingly, it is an object of this invention to provide 
eddy current data representative of the detection of a number 
of different ?aWs that is suitable for training and qualifying 
analysts and testing inspection techniques. 

It is a further object of this invention to provide such eddy 
current data With substantially the same background, scatter 
and other noise as is encountered in the ?eld. 

Additionally, it is an object of this invention to provide 
such eddy current data in a relatively inexpensive manner. 
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2 
SUMMARY OF THE INVENTION 

These and other objects are achieved by the method of this 
invention for synthesiZing eddy current data to be used for 
training data analysts and/or testing inspection techniques. 
In the preferred embodiment, the steps of the method of this 
invention create a specimen that simulates the component 
undergoing nondestructive examination With preselected 
?aWs of interest. The specimen is then monitored by an eddy 
current probe to create a set of eddy current data represen 
tative of the ?aWs detected in the specimen. At least some of 
the eddy current data collected at a ?eld site is combined 
With at least some of the eddy current data collected from the 
specimen to establish a combined data train that re?ects the 
eddy current response to the selected ?aWs in a background 
representative of data collected at the ?eld site. 

Preferably, the eddy current probes used to collect data at 
the ?eld site and at the specimen are of the same type and 
are operated at the same inspection frequencies and data 
sampling rates. Additionally, in the preferred embodiment, 
both the ?eld and specimen data sets are calibrated sepa 
rately to substantially the same standard so that the signal 
level and orientation for a given ?aW correspond. Prior to 
inserting the data obtained from the ?eld into the specimen 
data or the specimen data into the data obtained from the 
?eld, the data to be inserted is arithmetically operated on to 
adjust the calibration, so When inserted, the inserted data has 
the same calibration factor as the data in Which it is being 
inserted so that the combined set of data forms a neW 
integrated data set that is separately stored. In another 
embodiment of this invention, the specimen could be 
replaced by a mathematical model and the data obtained 
from the specimen could be generated by the mathematical 
model. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A further understanding of the invention can be gained 
from the folloWing description of the preferred embodiments 
When read in conjunction With the accompanying draWings 
in Which: 

FIG. 1 is a perspective vieW of a portion of a steam 
generator tube in Which an eddy current probe is about to be 
inserted; and 

FIG. 2 is a How chart of the steps of the method of this 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The invention provides for the injection of electronic 
nondestructive examination signals either from ?eld data or 
data obtained from specimens, into a data stream to produce 
a data set that is the combination of the tWo data sets, i.e., 
the basic data stream plus the injected signal. In this 
example, the ?eld data is obtained from the inspection of 
steam generator heat exchange tubing, ?guratively shoWn in 
FIG. 1 by reference character 10, With an eddy current probe 
11. For the purpose of the folloWing description, the data 
obtained from the specimen Will also be referred to as 
laboratory data, because it can be obtained at a site remote 
from the ?eld. HoWever, it should be appreciated that the 
location Where the specimen data is collected is not pertinent 
to the broad aspects of this invention. Additionally, this 
invention can be applied to injecting one set of ?eld data into 
another set of ?eld data in the same manner as Will be 
described hereafter. The focus, hoWever, of the preferred 
embodiment described hereafter Will be on inserting speci 
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men obtained data because of the ease of engineering the 
specimen to replicate a number of ?aWs of interest. By 
injecting the ?eld data into the laboratory data or the 
laboratory data into the ?eld data, data that is characteristic 
of the “noise” that might be encountered in a ?eld 
inspection, from a speci?c nuclear poWer generating facility, 
can be combined With the data from the laboratory produced 
discontinuity responses. The net result is a data set that has 
the discontinuity response someWhat masked by the ?eld 
noise. These data sets can then be used to train or test 
analysts on the impact of noise on the anticipated degrada 
tion responses. Further data sets produced by the combina 
tion process of this invention can be used to determine the 
impact of noise on the probability of detection of a ?aW and 
on the uncertainties in detecting a given ?aW of various 
siZes. 
A How chart of the overall data combination process of 

this invention is shoWn in FIG. 2. This process can be readily 
implemented by data management softWare such as the 
Westinghouse Advanced Network Sharing Eddy current 
Resources-ANSERTM-softWare licensable from Westing 
house Electric Company, LLC, Monroeville, Pa. The 
ANSER TM softWare is an eddy current acquisition, analysis 
and database management tool that runs on a UNIX® based 
Work station. Another alternative Would be to use the EDDY 
NETTM softWare licensable from Zetec Corp., Washington 
State. Preferably, both data sets involved in the combination 
process should be acquired using similar inspection 
conditions, i.e., probe type (coil diameter), inspection 
frequencies, data rates (samples/inch), etc. If there are 
differences in the inspection conditions, mathematical mod 
els can be used to interpolate one or the other of the 
responses if coil siZe or inspection frequencies are not 
identical. 

The ?rst steps 12 and 14 in the data injection process are 
to de?ne the calibration or normaliZation parameters for 
each data set A & B. Preferably, at least one of the standard 
holes or notches in a calibration standard used for this 
purpose should be identical for both data sets. If they are not 
identical, mathematical models can be used as a basis for 
interpolation of one or the other of the data sets. The 
calibration standard is a specimen created in accordance 
With the ASME code. Each of the data sets is then calibrated 
so that the reference discontinuity response for the tWo data 
sets, A and B, is identical. For bobbin coil eddy current data, 
this can be accomplished by setting the voltage of the 20% 
holes, i.e., 20% through-Wall ?aW, to 4 volts and the phase 
of the through-Wall hole to a 40° rotation. For rotating probe 
data, the through-notch in the calibration standard can be 
used to set the phase and amplitude. For most applications, 
it can be assumed that the accuracy of the standard is 
sufficient so that cross calibration of the standards is not 
required. 

After the calibration parameters are established, the seg 
ment of data from data set A to be inserted into data set B 
is selected and stored in step 16, shoWn in FIG. 2. In the 
ANSERTM system, this is accomplished by using the cursor 
to WindoW the segment of interest and selecting the Save 
Tube Segment option. The data segment A along With the 
calibration parameters for that segment determined in step 
12 is then stored in a ?le. Multiple segments from the same 
tube or specimen can be stored and ANSERTM identi?es 
each With a ROW/Col. and sequence number as represented 
by step 18 in FIG. 2. 

After the segments of interest have been identi?ed, the 
data set B in Which the segment is to be inserted is read into 
the machine. The location Where the segment is to be 
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4 
inserted is chosen in step 20. In the ANSERTM system, this 
is accomplished by using the cursor to shoW the area of 
interest in the display WindoW. The Modi?ed Data option is 
then selected. This alloWs the operator to select Which of the 
stored data segments is to be combined With the displayed 
data. Once the segment A data is selected, the appropriate 
calculations are made in step 22, based upon the calibration 
parameters, to rotate and scale the segment A data so that it 
has the same calibration factors as data set B. The thus 
normaliZed segment A data is then added to the displayed 
data set in step 24 shoWn in FIG. 2. To display the results 
With the ANSERTM system, data set B must be reread into 
the machine. 

In the foregoing embodiment, the segment Adata is added 
into the displayed data. If desired, the segment A data could 
equally Well replace some of the displayed data in set B. 
Furthermore, since the data set that is being displayed is the 
?le that is modi?ed, it is important that the combination 
process take place on a copy of the data and not the original 
?le. Once the combination process is complete, the neW data 
set can be manipulated in the same Way as any other data set. 
No knoWledge of the data combination process is retained in 
the combined ?le. 

While speci?c embodiments of the invention have been 
described in detail, it Will be appreciated by those skilled in 
the art that various modi?cations and alternatives to those 
details could be developed in light of the overall teachings 
of the disclosure. For example, data obtained from ?eld 
monitoring signals of detected ?aWs could be mathemati 
cally modeled using conventional modeling techniques, and 
the specimens described above could be replaced by the 
mathematical models to generate the second set of data to be 
manipulated With the ?eld data in accordance With this 
invention. A product for creating such a model is VIC-3D 
licensable from Victor Technologies, LLC, Bloomington, 
Ind. Accordingly, the particular embodiments disclosed are 
meant to be illustrative only and not limiting as to the scope 
of the invention, Which is to be given the full breadth of the 
appended claims and any and all equivalents thereof. 
What is claimed is: 
1. A method of synthesiZing nondestructive examination 

data to be used for training data analysts and/or testing 
inspection techniques comprising the steps of: 

generating data collected at a ?eld site of a component 
from non-destructive examination of the component, 
Which data collected at the ?eld site includes noise; 

creating a specimen that simulates the component under 
going non-destructive examination With a selected 
?aW; 

generating nondestructive examination data at a labora 
tory site, remote from the ?eld site, from the specimen 
of the component undergoing non-destructive exami 
nation; and 

combining at least some of the nondestructive examina 
tion data collected at the ?eld site With at least some of 
the nondestructive examination data collected at the 
laboratory site to establish a combined data train that 
re?ects the nondestructive examination response to the 
selected ?aW in a background representative of data 
collected at the ?eld site. 

2. The method of claim 1 including the steps of separately 
calibrating the data collected at the ?eld site and the data 
collected at the laboratory site so that the data collected at 
the ?eld site and the data collected at the laboratory site have 
the same relative signal strengths corresponding to a ?rst 
?aW. 
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3. The method of claim 2 wherein the ?rst ?aW is provided 
by a calibration standard. 

4. The method of claim 1 including the steps of separately 
calibrating the data collected at the ?eld site and the data 
collected at the laboratory site so that the data collected at 
the ?eld site and the data collected at the laboratory site have 
the same relative signal orientation. 

5. The method of claim 1 Wherein the data collected at the 
?eld site is collected from the step of operating a ?rst eddy 
current detector and the data collected at the laboratory site 
is collected from the step of operating a second eddy current 
detector. 

6. The method of claim 5 Wherein the ?rst and second 
detectors are the same type of detector. 

7. The method of claim 6 Wherein the ?rst and second 
detectors are operated at substantially the same inspection 
frequencies. 

8. The method of claim 6 Wherein the ?rst and second 
detectors are operated at substantially the same data collec 
tion rates. 

9. The method of claim 1 Wherein only a segment of data 
collected at one of either the ?eld site or the laboratory site 
is combined With data collected at the other of either the ?eld 
site or the laboratory site. 

10. The method of claim 1 Wherein the specimen is a 
mathematical model and the data generated from the speci 
men is generated by the mathematical model. 

11. Arnethod of synthesiZing nondestructive eXarnination 
data to be used for training data analysts and/or testing 
inspection techniques comprising the steps of: 

generating data collected at a ?eld site of a component 
from non-destructive examination of the component; 

creating a specimen that simulates the component under 
going non-destructive examination with a selected 
?aW; 

generating nondestructive eXarnination data at a labora 
tory site from the specimen of the component under 
going non-destructive eXarnination; 

cornbining at least some of the nondestructive examina 
tion data collected at the ?eld site With at least some of 
the nondestructive eXarnination data collected at the 
laboratory site to establish a combined data train that 
re?ects the nondestructive eXarnination response to the 
selected ?aW in a background representative of data 
collected at the ?eld site; and 

separately calibrating the data collected at the ?eld site 
and the data collected at the laboratory site so that the 
data collected at the ?eld site and the data collected at 
the laboratory site have the same relative signal 
strengths corresponding to a ?rst ?aW, Wherein the 
calibration is achieved by the steps of operating a ?rst 
detector used at the ?eld site to non-destructively test a 
?rst ?aW and provide a ?rst output indicative thereof 
and adjusting the ?rst output received from the ?rst 
detector in response to the ?rst ?aW by a ?rst calibra 
tion factor to modify the ?rst output to exhibit a ?rst 
characteristic; 

and operating a second detector used at the laboratory site to 
non-destructively test a second ?aW Which is substantially 
identical to the ?rst ?aW and provide a second output 
indicative thereof and adjusting the second output by a 
second calibration factor to modify the second output to 
exhibit the ?rst characteristic. 
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12. The method of claim 11 Wherein the ?rst characteristic 

is a selected amplitude of the ?rst and second outputs so that 
the ?rst and second outputs have corresponding amplitudes 
for substantially identical ?aWs. 

13. The method of claim 11 Wherein the ?rst characteristic 
is a selected phase or orientation of the ?rst and second 
outputs so that the ?rst and second outputs have correspond 
ing orientations for substantially identical ?aWs. 

14. Arnethod of synthesiZing nondestructive eXarnination 
data to be used for training data analysts and/or testing 
inspection techniques comprising the steps of: 

generating data collected at a ?eld site of a component 
from non-destructive examination of the component; 

creating a specimen that simulates the component under 
going non-destructive examination with a selected 
?aW; 

generating nondestructive eXarnination data at a labora 
tory site from the specimen of the component under 
going non-destructive eXarnination; 

cornbining at least some of the nondestructive examina 
tion data collected at the ?eld site With at least some of 
the nondestructive eXarnination data collected at the 
laboratory site to establish a combined data train that 
re?ects the nondestructive eXarnination response to the 
selected ?aW in a background representative of data 
collected at the ?eld site; 

separately calibrating the data collected at the ?eld site 
and the data collected at the laboratory site so that the 
data collected at the ?eld site and the data collected at 
the laboratory site have the same relative signal 
strengths corresponding to a ?rst ?aW; and 

storing the data collected at the ?eld site along With a ?rst 
calibration factor obtained from the step of calibrating 
the data collected at the ?eld site and storing data 
collected at the laboratory site along With a second 
calibration factor obtained from the step of calibrating 
the data collected at the laboratory site. 

15. The method of claim 14 including the step of identi 
fying in the stored data collected at the ?eld site a location 
at Which the data collected at the laboratory site is to be 
inserted and inserting the data collected at the laboratory site 
at the location. 

16. The method of claim 14 including the step of identi 
fying in the stored data collected at the laboratory site a 
location at Which the data collected at the ?eld site is to be 
inserted and inserting the data collected at the ?eld site at the 
location. 

17. The method of claim 14 including the step of oper 
ating on one of either the data collected at the ?eld site or the 
data collected at the laboratory site that is to be inserted into 
the other of the data collected at the ?eld site or the data 
collected at the laboratory site so that the inserted data is 
normalized to the same calibration factor as the data the 
normalized data is inserted in. 

18. The method of claim 17 including the step of storing 
at least some of the data collected at the laboratory site that 
is combined With at least some of the data collected at the 
?eld site as a ?le separate from the stored data collected at 
the ?eld site and the stored data collected at the laboratory 
site. 
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