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The invention relates to a process for testing of a Workpiece 
by means of eddy currents induced by a ?eld coil in the 
Workpiece and from Which a measurement signal is obtained 
by means of a measurement sensor, a pattern signal repre 
sentative of a Workpiece fault being generated, a correlation 
function of the measurement signal acquired by the sensor 
With the pattern signal being determined, and the correlation 
function being evaluated in order to detect a fault in the 
Workpiece. The invention furthermore relates to a device for 
executing the process. 

22 Claims, 6 Drawing Sheets 
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PROCESS AND DEVICE FOR TESTING A 
WORKPIECE BY MEANS OF EDDY 

CURRENTS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a process and a device for testing 

of a workpiece by means of eddy currents Which are induced 
by a ?eld coil in the Workpiece and from Which a measure 
ment signal is obtained by means of a measurement sensor. 

2. Description of Related Art 
Testing of an electrically conductive Workpiece by means 

of eddy currents relies upon the fact that material faults in 
the Workpiece or test piece (for example, cracks, voids, 
surface damage, poor Welds, etc.) hinder the propagation of 
eddy currents Which are induced by means of the ?eld coil; 
this acts on the electromagnetic ?eld Which has been formed 
in turn by the eddy currents. This electromagnetic ?eld 
Which has been produced by the eddy currents is measured 
by means of a sensor Which can be a ?eld coil itself or at 

least one separate measurement coil. If there is only a single 
separate measurement coil, this arrangement is called an 
“absolute coil”. TWo or more measurement coils can be 

connected in a subtractive manner; this is called a “differ 
ence coil” and enables for example a temperature drift to be 
excluded. A material fault Which in?uences the eddy cur 
rents can thus be considered an impedance change of the 
measurement coil Which is coupled to the test piece, the fault 
signals being conventionally displayed as a vector quantity 
(amplitude and phase angle) in the impedance plane of the 
measurement coil. The phase shift of the eddy currents With 
respect to the exciter voltage depends among other things on 
the thickness of the material. The exciter frequency deter 
mines the penetration depth and the phase shift of the eddy 
currents in a certain material depth. 

Examples of phase-selective evaluation of eddy current 
measurements for material testing can be found for example 
in published European Patent Application No. 0 282 930, 
and in US. Pat. Nos. 4,646,013, 4,355,281, 4,853,634, and 
5,371,462 discloses eliminating measurement signals Which 
originate not from faults, but from the effects of the geom 
etry of the test piece, for example edges, by generating a 
reference background signal by scanning a fault-free Work 
piece identical to the test specimen, Which signal is With 
draWn from the measurement signal obtained for the test 
specimen after the actual measurement of the latter. 

Basically, the evaluation of the eddy current signals can 
be prevented or hindered by noise signals (this includes 
generally interference signals of all types Which can also be 
periodic) Which can be produced by mechanical or electro 
magnetic interference (for example, by a Welding machine in 
the line). In addition, the surface of the test specimen can 
lead to increased background noise When it is for example a 
galvaniZed surface. In practice, the attempt has been made to 
counter these dif?culties by modi?cation of the exciter 
frequency, multi-frequency processes, or modi?cation of the 
?lters. HoWever, it has been shoWn that existing measure 
ment and evaluation processes do not alWays lead to suf? 
ciently reliable and reproducible results. In particular, it 
Would be desirable to detect fault signals in the vicinity of 
or beloW the noise level as Well. 

SUMMARY OF THE INVENTION 

An object of this invention is to devise a process and a 
device for testing a Workpiece by means of eddy currents in 
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2 
Which faults can be detected With greater reliability and 
accuracy than in the knoWn methods. 

This object is achieved by a process and a device as 
disclosed hereinafter. It is advantageous that the reliability 
of fault detection can be greatly increased principally for 
very noisy measurement signals by evaluating the correla 
tion of the measurement signal to a pattern signal represen 
tative or typical of a Workpiece fault instead of the actual 
measurement signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A to IC illustrate, by Way of example, a pattern 
signal, a measurement signal, and their cross correlation, 
respectively. 

FIGS. 2A to 2C, corresponding to FIGS. 1A to IC, 
illustrates the corresponding absolute value signals being 
plotted and the measurement signal having been evaluated 
as shoWn in FIG. 2B With quadrature; 

FIG. 3 schematically shoWs a device of the invention for 
eddy current testing according to a ?rst embodiment; 

FIG. 4 shoWs a vieW, like FIG. 3, according to a second 
embodiment; 

FIG. 5 shoWs a vieW, like FIG. 3, according to a third 
embodiment; 

FIG. 6 illustrates one possible measurement arrangement; 
and 

FIG. 7 illustrates one example for evaluation of fault 
signals by means of delta vector formation. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 6 schematically shoWs one measurement arrange 
ment for testing a Workpiece by means of eddy currents, in 
Which a ?eld coil 10, supplied With an AC voltage of a 
certain frequency, induces eddy currents in an electrically 
conductive pipe 12 Which is surrounded by the ?eld coil 10. 
Furthermore, there are tWo measurement coils 14 Which are 
located Within the ?eld coil 10 and Which likeWise surround 
the pipe 12. The measurement coils 14 are connected as a 
difference coil so that only one fault signal can appear When 
the voltages Which have been generated via the eddy cur 
rents in the pipe 12 are different on the tWo coils 14. A fault 
on the pipe 12 is labelled With the reference number 16, and 
is shoWn as being an annular groove. The pipe 12 is moved 
by means of a drive parallel to the coil axes in the direction 
of the arroW 18. 

The measurement arrangement shoWn in FIG. 6 can be 
identi?ed by a characteristic quantity Which is called the 
“effective coil Width” (see DIN 54141) and Which depends 
on the air gap h betWeen the measurement coils 14 and the 
outside circumference of the pipe 12, the coil base BS, the 
exciter frequency and the electrical conductivity, the diam 
eter and the Wall thickness of the pipe 12. The effective coil 
Width can be determined for a stipulated measurement 
arrangement by measurement on a comparison pipe from 
tables or diagrams Which are supplied by the coil manufac 
turer or by using reduced data from the coil manufacturer by 
means of knoWn approximation formulas. 

FIG. 1A shoWs, by Way of example, a measurement signal 
Which is obtained by a difference coil arrangement like the 
one shoWn in FIG. 6 When there is a fault Which is small 
compared to the coil extension. The effective coil Width BW 
Which is characteristic of the given measurement arrange 
ment is likeWise shoWn in FIG. 1A. In the example, the 
signal amplitude, i.e. the difference signal betWeen the tWo 
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measurement coils 14, is plotted as a function of the time, 
ie the position of the test specimen. 

If the effective coil Width is knoWn it is possible to 
theoretically determine the time behavior of a fault signal by 
means of approximation for eXample by a simple Dirac 
pulse or a differentiated Dirac pulse. FIG. 1A shoWs one 
such signal behavior over time caused by a fault; hereinafter 
this is called the “pattern signal”. 

Alternatively to the described theoretical determination of 
the pattern signal from the effective coil Width it is also 
possible to determine the pattern signal directly from a 
reference measurement on a test piece With a de?ned fault. 
It goes Without saying that the reference test specimen 
should be identical to the test specimen Which is actually 
being tested, aside from the de?ned fault; this also applies to 
the measurement conditions, especially the eXciter fre 
quency and the air gap. HoWever, if identical test conditions 
cannot be produced, a “conversion” of the measured refer 
ence signal to the measurement conditions for the test 
specimen to be tested can be done from the knoWn relation 
ships betWeen the effective coil Width and the measurement 
parameters, When the latter are knoWn, in order to determine 
the pattern signal. 

FIG. 1B shoWs, by Way of eXample, a noisy measurement 
signal Which Was produced by White noise being superim 
posed on the pattern signal from FIG. 1A by means of a 
numerical noise generator (the time scale is stretched here in 
FIG. 1A compared to FIG. 1B, as shoWn by the draWing). It 
is apparent that by means of conventional eddy current 
signal evaluation the pattern signal, i.e., the fault signal, 
could not be reliably detected since it hardly rises above the 
noise. Reliable fault detection Would therefore not be pos 
sible for the measurement signal from FIG. 1B by means of 
conventional evaluation. 

FIG. 1C shoWs (With the same time scale as FIG. 1B) the 
cross correlation function Which Was obtained by subjecting 
the pattern signal from FIG. 1A to a cross correlation With 
the noisy measurement signal from FIG. 1B. Here, it is 
apparent that in the cross correlation function from FIG. 1C 
the simulated fault clearly rises above the noise, While this 
is not the case in the actual measurement signal as shoWn in 
FIG. 1B. The reliability of signal evaluation can thus be 
greatly improved by the cross correlation of the noisy 
measurement signal With a fault pattern signal Which is 
representative of the measurement conditions used. 

FIG. 2A shoWs the absolute value of the signal from FIG. 
1A; FIG. 2B shoWs the absolute value measurement signal 
from FIG. 1B Which has been quadrature-Weighted and FIG. 
2C shoWs the corresponding cross correlation function. Here 
too, it is apparent that the cross correlation With the pattern 
signal can considerably increase the reliability of fault 
detection. In both cases, a signal/noise ratio of 6 dB tends to 
be attainable; hoWever, in both cases, due to the lack of 
reproducibility, direct evaluation of the noisy measurement 
signals Would not make sense, but rather an evaluation of the 
measurement signals Which have been correlated With the 
pattern signal. 

In this invention, What is decisive is simply that a corre 
lation function betWeen the measurement signal and a rep 
resentative pattern signal is undertaken and then instead of 
the measurement signal the correlated signal or the corre 
lation function is evaluated. HoW the correlation function is 
determined in detail depends on the special circumstances. 
Thus, fundamentally, instead of determining the cross cor 
relation function as shoWn in FIGS. 1 and 2, the determi 
nation of the correlation function can be done for example 
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4 
by using a neural netWork. Any process is suitable Which is 
able to detect or quantify the presence of a stipulated pattern 
signal in a noisy signal. 

Basically, determination and evaluation of the pattern 
signal or measurement signal can be done in the frequency 
domain instead of in the time domain, as shoWn. 

Evaluation of the determined correlation function can take 
place in the conventional manner like evaluation of the 
actual measurement signal in the knoWn processes. It is 
evident that the signals shoWn in FIGS. 1 and 2 represent 
signals Which have been demodulated With respect to the 
eXciter frequency. Basically pure amplitude modulation can 
take place, as is the case in the signals shoWn in FIG. 2, i.e., 
there is no phase-selective demodulation, or the measure 
ment signal can be demodulated in a phase-sensitive 
manner, this then taking place preferably in tWo channels 
With a phase shift of 90°. In this case, then each of the tWo 
channels is correlated With its oWn pattern signal, the 
evaluation of the fault signal With respect to amplitude and 
phase taking place from the tWo correlation functions Which 
have been formed in this Way, as illustrated in FIG. 4. 

Preferably, determination and evaluation of the correla 
tion function take place in real time. The correlation function 
can be basically correlated in addition to or alternatively to 
the conventional evaluation of the actual measurement sig 
nal. In doing so, the evaluation of the correlation function 
can be limited to detection of a fault near and beloW the 
noise level of the measurement signal, While for evaluation 
of faults above the noise level the conventional evaluation of 
the measurement signal is used. HoWever, for control pur 
poses an additional evaluation of the correlation function 
can also be done for faults above the noise level of the 
measurement signal. 

FIG. 3 schematically shoWs the structure and manner of 
operation of a means for material testing by means of eddy 
currents. The ?eld coil 10 is supplied by an oscillator 20 With 
an AC voltage of a desired frequency in order to induce eddy 
currents in a test specimen Which in turn induce a voltage in 
the difference coil arrangement 14. The voltage signal 
tapped at the difference coil arrangement 14 is supplied, via 
an input stage 22 With a preampli?er Which can also be 
frequency-selective depending on the type of modulation 
process, to a unit 24 in Which demodulation With respect to 
the eXciter frequency of the oscillator 20 and absolute value 
formation take place. The demodulated absolute value signal 
is routed through a ?lter 26 Which ?lters the carrier fre 
quency components out of the signal. The signal Which has 
been ?ltered in this Way is ampli?ed by means of an 
ampli?er 28 and routed through a preferably variable band 
pass ?lter 30 Which ?lters out interference Which is super 
imposed on the signal and Which may be present, especially 
at higher frequency interference. The measurement signal 
Which has been ?ltered in this Way is supplied to a correlator 
unit 32 in Which the cross correlation function betWeen the 
measurement signal and the pattern signal Which has been 
prepared by the unit 34 is determined. The pattern signal can 
be produced in the manner described above using the 
effective coil Width. 
The correlation function Which Was produced in the 

correlator unit 32 is supplied to a signal processing unit 36 
Which evaluates the correlation function and optionally 
determines the presence of a fault. The evaluated signal is 
displayed on a screen and recorder and can furthermore be 
output on a printer and stored in a storage medium. If the 
signal processing unit 36 decides on the presence of a fault, 
an acoustic and/or optical alarm is triggered, the faulty site 
of the test specimen being provided With a color marking or 
a notch. 
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A rotary transducer can be provided to determine the 
actual speed of the line, i.e. the speed of the test specimen 
so that, for example, positionally-accurate marking of the 
test specimen is enabled, With a length Which can be 
recorded in the report and ?lters With frequencies can be 
changed depending on the line speed. 

The oscillator 20, the ampli?er 28, the correlator unit 32, 
the signal processing unit 36 and the ?lters 26 and 30 are 
controlled by a control unit 38. 

Since in this case absolute value formation of the mea 
surement signal and accordingly also absolute value forma 
tion of the pattern signal are done, only the signal amplitude 
can be evaluated Without phase information in fault detec 
tion. 

FIG. 4 shoWs an eddy current test means similar to FIG. 
3, in Which rather than the absolute value signals, the 
component signals are determined and evaluated so that in 
this case the phase information of the measurement signal 
can be taken into account at the same time in fault detection. 
In the demodulation unit 124, no absolute value formation 
takes place, but rather phase-sensitive, tWo-channel 
demodulation With a phase displacement of 90° betWeen the 
tWo channels is carried out (for example, by means of 
phase-controlled recti?ers), i.e., phase-synchronous 
demodulation of the measurement signal With the sine and 
cosine of the exciter signal takes place. This tWo-channel 
demodulation into component signals necessitates the signal 
path betWeen the demodulation unit 124 and the signal 
processing unit 136 being made tWo-channel. Consequently 
the carrier frequency ?lter 126, the ampli?er 128 (Which in 
this case is made as a vector ampli?er) and the bandpass 
?lter 130 are made tWo-channel. The correlator 132 is made 
tWo-channel, for each measurement signal channel, i.e., both 
for the sine component and also the cosine component, its 
oWn correlation function is determined. In doing so, for each 
channel the unit 134 prepares its oWn pattern signal. The 
determined correlation functions pass through a phase 
shifter 140 Which makes it possible to adjust the phase angle 
of the fault signal in a manner Which is favorable for 
evaluation before they are sent to the signal processing unit 
136 Which in the conventional manner determines the ampli 
tude and the phase angle of the fault signal from the tWo 
determined correlation functions. As a result, for each poten 
tial fault signal, then a fault signal is obtained Which has a 
length Which indicates the signal amplitude and its direction 
indicates the phase angle of the fault signal, by Which the 
fault can be displayed on the screen in the complex imped 
ance plane of the difference coil 114. 

With reference to the signal evaluation, it should be noted 
that in a pure amplitude evaluation as shoWn in FIG. 3 this 
is done feasibly by stipulating certain threshold values so 
that, for example, signals With an overly small or overly 
large amplitude are not identi?ed as faults. In the phase 
sensitive component signal evaluation as shoWn in FIG. 4, in 
addition to those amplitude threshold values phase threshold 
values can also be stipulated Within Which there must be a 
signal in order to be identi?ed as faults. In this case certain 
sectors are obtained Within Which the determined fault 
vector must lie. This is shoWn in FIG. 7. The display of the 
signals as vectors in the complex impedance plane is espe 
cially graphic and efficient. The fault vectors (Which are also 
called delta vectors) are computed as the vector betWeen the 
extreme values of the phase-dependent amplitude. 

In the phase-sensitive evaluation as shoWn in FIG. 4, the 
cost for correlation determination is roughly tWice as great 
as for the pure absolute value evaluation as shoWn in FIG. 
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3, but due to the additionally obtained phase information a 
more complex evaluation of fault signals is possible, this can 
also be important for differentiation of various fault types. It 
should be noted that the correlator unit 132 With positive 
correlation delivers only positive signals so that Without 
phase rotation sector evaluations make sense only in the ?rst 
quadrant of the complex plane. 

Basically it is also possible to carry out an evaluation by 
means of fuZZy logic in the signal evaluation in place of 
“sharp” thresholds. 

Furthermore, it is also possible, as already mentioned 
above, before correlation of the measurement signal With the 
pattern signal to carry out a transformation into the fre 
quency domain or into the frequency plane, i.e. typical 
frequency behaviors in the measurement signal are sought in 
the correlation. 
The computer capacity necessary for signal correlation 

can also be used to ascertain the possible periodicity of the 
ascertained fault types; under certain circumstances this 
alloWs useful conclusions regarding for example qualitative 
shortcomings of rollers, especially in certain rollers, in the 
production of the test specimen and thus also the actual 
cause of the fault inside or outside of the production line. 

FIG. 5 shoWs a similar phase-sensitive eddy current test 
means as FIG. 4, but in addition to the evaluation of the 
signal correlated With the pattern signal, direct evaluation of 
the tWo channels supplied to the correlation unit 132 With the 
demodulated, ampli?ed and ?ltered measurement signal 
takes place. For this purpose, the tWo measurement signal 
channels folloWing the bandpass ?lter 130 are supplied not 
only to the correlation unit 132, but also to a second phase 
shifter 142 and after passing through it to a second signal 
processing unit 144. The signal evaluation thus takes place 
in four channels overall. This parallel evaluation of the 
actual measurement signal and of the measurement signal 
Which has been correlated With the pattern signal at least for 
fault signals Which are above the noise level enables use of 
signal information Which is as complete as possible. In the 
area of the noise level or beloW, hoWever, generally only 
evaluation of the measurement signal Which has been cor 
related With the pattern signal Will make sense. In this Way 
the conventional direct evaluation of the measurement signal 
and the evaluation of the measurement signal correlated With 
the pattern signal can complement one another in order to 
enable determination of even relatively Weak-signal faults in 
as reliable and reproducible manner as possible. 
What is claimed is: 
1. Process for testing of a Workpiece through the use of 

eddy currents induced by a ?eld coil in the Workpiece and 
from Which a measurement signal is obtained by means of 
a measurement sensor, comprising the steps of: 

generating a pattern signal representative of a Workpiece 
fault, 

determining a cross correlation function from the mea 
surement signal acquired by the sensor and the pattern 
signal, and 

evaluating the cross correlation function in order to detect 
a fault in the Workpiece. 

2. Process as set forth in claim 1, Wherein the pattern 
signal is determined by determining a characteristic value 
Which characteriZes the sensor depending on parameters 
Which describe the measurement, and by computing the 
pattern signal for the Workpiece fault as a function of the 
characteristic value using a model. 

3. Process as set forth in claim 2, Wherein the pattern 
signal is determined by approximation by means of a simple 
or differentiated Dirac pulse. 
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4. Process as set forth in claim 1, wherein the pattern 
signal is determined by a reference measurement on a 
workpiece With a de?ned fault. 

5. Process as set forth in claim 2, Wherein the sensor is a 
difference coil arrangement or absolute coil arrangement and 
a characteristic value is the effective coil Width. 

6. Process as set forth in claim 1, Wherein determination 
of the cross correlation function takes place by means of a 
neural netWork. 

7. Process as set forth in claim 1, Wherein the pattern 
signal and the measurement signal are determined and 
correlated in the time domain. 

8. Process as set forth in claim 1, Wherein the pattern 
signal and the measurement signal are determined and 
correlated in the frequency domain. 

9. Process as set forth in claim 1, Wherein the pattern 
signal and the measurement signal are determined and 
correlated as absolute value signals Without phase informa 
tion. 

10. Process as set forth in claim 1, Wherein the pattern 
signal and the measurement signal are determined and 
correlated as component signals With phase information. 

11. Process set forth in claim 1, Wherein the measurement 
signal is demodulated before determining the cross correla 
tion function. 

12. Process set forth in claim 1, Wherein, before deter 
mining the cross correlation function, the measurement 
signal is Weighted. 

13. Process as set forth in claim 12, Wherein quadratic 
Weighting is performed. 

14. Process set forth in claim 1, Wherein in addition to the 
cross correlation function the measurement signal itself is 
also evaluated for fault detection in the Workpiece. 

15. Process as set forth in claim 14, Wherein the cross 
correlation function is used only to detect faults near and 
beloW the noise level of the measurement signal. 
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16. Process as set forth in claim 1, Wherein the cross 

correlation function is used to detect faults above the noise 
level of the measurement signal. 

17. Process as set forth in claim 1, Wherein the Workpiece 
is moved continuously past the sensor and the cross corre 
lation function is determined and evaluated in real time. 

18. Process as set forth in claim 10, Wherein the mea 
surement signal is demodulated in a phase-sensitive manner 
in tWo channels With a shift of 90 degrees and each of the 
tWo channels is correlated With its oWn pattern functions, the 
amplitude and phase of a fault signal being determined from 
the cross correlation functions Which have been formed in 
this manner. 

19. Process as set forth in claim 18, Wherein the fault 
signal is evaluated by forming phase threshold values and 
amplitude threshold values. 

20. Process as set forth in claim 19, Wherein the amplitude 
and phase of the fault signal are displayed as a vector. 

21. Process as set forth in claim 19, Wherein evaluation 
takes place by means of fuZZy logic Without using sharp 
threshold values for phase and amplitude. 

22. Device for testing of a Workpiece through use of eddy 
currents comprising, 

a ?eld coil for inducing eddy currents in the Workpiece, 
a measurement sensor for obtaining a measurement signal 

from the eddy currents induced in the Workpiece, 
a means for producing a pattern signal representative of a 

Workpiece fault, 
a correlator unit for determining the cross correlation 

function betWeen the measurement signal, acquired by 
the sensor, and the pattern signal, and 

a unit for evaluating the cross correlation function in order 
to detect a fault in the Workpiece. 

* * * * * 
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