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Abstract. For a reliable detection of surface breaking flaws under realistic field 
conditions, it is essential to use an eddy current (ET) inspection system, whose 
performance is well described in order to detect all cracks above a defined target 
defect size with a certain confidence. Therefore, the capability of the inspection 
system has to be determined based on realistic artificial flaws before its first field 
application.  
In the process of performance evaluation, electrical discharge machined notches 
(EDM-notches) are generally used as a simple substitute for cracks since they are easy 
and reproducible to manufacture within the framework of an ET inspection system 
qualification. These notches with a maximum width of 0.25mm are designed 
conservatively in that way, that their depth extension is half as large as the minimum 
crack depth, which has to be detected in the field.  
This presentation introduces a national research project, in which realistic fatigue 
cracks, half-elliptical EDM-notches and wire eroded reference slots were compared 
to gain confidence in the performance evidence of ET inspection systems obtained on 
EDM-notches.  
An extensive measurement campaign with different eddy current probes has been 
carried out on austenitic stainless steel plates. Therefore, absolute probes, a 
differential probe and a plus-point probe, each with different frequencies, were 
implemented. In addition to the influence of the test flaw type and its related 
geometry, the impact of the fatigue crack opening was also investigated within the 
experiment.  
This paper describes the properties of the different test flaws chosen as well as the 
design of experiments. Results of the eddy current inspections with regard to the 
various artificial flaws will be presented and an outlook is given. 
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1 Introduction  

For the Qualification of Eddy Current Examination (ET) systems notches are 
generally used instead of real cracks to demonstrate the performance of the system. These 
notches are easy to make, comparatively cheap and reproducible. Supported by the Steering 
Committee for Swiss Qualifications and the SVTI Nuclear Inspectorate, this research project 
was conducted together with the ZHAW Zurich University of Applied Sciences. The main 
goal was to investigate, whether or not Electrical Discharged Machined (EDM) notches are 
realistic test flaws as a substitute for real fatigue cracks. Measurements on austenitic stainless 
steel plates with notches and real fatigue cracks were compared. Various ET techniques were 
applied. The manufacturing of flaws, verification of the flaws and some of the ET results are 
presented in this paper. 

2 Test Samples and Manufacturing of Fatigue Cracks 

The mechanical fatigue cracks were manufactured by the ZHAW in austenitic stainless 
steel 1.4301, X5CrNi18-10. The maximum sample size was limited due to the size of three-
point bending test machine. In parallel, a minimum sample size was necessary to use 
Ultrasonic Examination (UT) techniques for crack sizing. UT was used for crack through-
wall extent measurements. The sample size was defined to be 220mm in length, 80mm width 
and 16mm thickness. The sample roughness of the surface, from which the crack should 
propagate into the material, is defined to be ground to Ra ≤ 0.8 µm, the other surfaces are 
machined to Ra ≤ 3.2 µm. 

The microstructure was investigated and mechanical properties were determined 
through tensile tests in both plate axes. The results of the investigations, additional material 
properties and an example of the ground material surface can be found in [1]. A brief 
overview is given in Figure 1. 
 

     

X5 CrNi 18 10 - 1.4301  
(DIN EN 10088-3) 

solution annealed 

rolled 
(max. 10% cold forming) 

delta ferrite max. 10% 

grain ≤ 4 acc. EN 103 

crack surface ground to Ra ≤ 
0.8 µm 

Figure 1: Material Specification 
 

The crack needs to have a certain length and position. An engraved crack starter notch, 
resulting in a stress concentration, controls this. Information about the engraving cutter is 
summarized in [1]. The geometry of the crack starter notch influences the resulting crack 
significantly. Therefore, several tests were conducted to find optimized parameters. 

In total, 16 samples were available. Figure 2 shows the bending test machine for the 
manufacturing of the fatigue cracks. 
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Figure 1: Three Point Bending of Sample 

 
The objective was to have two real mechanical fatigue cracks with the following 

properties. 
 

Table 1: Target Crack Properties 

Flaw Type Form 
Length in 

mm 

Through 

wall extent 

(TWE) in 

mm 

Crack Opening 

in μm 

TF1  

( with Bridging) 

High Cycle 
Fatigue (HCF) 

Half 
elliptical 

6.0 1.0 5-25 

TF2  

(without Bridging) 

High Cycle 
Fatigue (HCF) 

Half 
elliptical 

6.0 1.0 
50-100  
(through plastic 
deformation) 

 
The fatigue cracks were compared with electric discharge machined notches and other 

reference flaws, shown in Table 2. 
 

Table 2: Flaws for Comparison 

Flaw Type Geometry 
Length  

in mm 

TWE 

in mm 

Crack Opening 

in μm 

Notch 0.5 mm  

(Typical Test Flaw for 

ET) 

Micro Sinker 
EDM 

Half 
elliptical 

6.0 0.50 Max. 125 

Slot 1.0 mm Wire EDM rectangular 40.0 1.0 Max. 125 

Slot 2.0 mm Wire EDM rectangular 40.0 2.0 Max. 125 

Slot 4.0 mm Wire EDM rectangular 40.0 4.0 Max. 125 

Slot 6.0 mm Wire EDM rectangular 40.0 6.0 Max. 125 

 
After completion of the tests for parameter optimization on smaller samples, 80 mm 

length and 8 mm thick, the relevant sample size was used to correlate the resonant frequency 
of about 87 Hz with the crack growth. It was planned to use the slightly changing resonant 
frequency while the crack grows as abort criterion. 

 
In summary, goals were: 

• Appropriate abort criterion at the target crack through wall extent 
• Appropriate stresses to avoid secondary cracking 
• Optimized crack starter notch geometry to initiate crack  

in the middle of the notch and 
• to obtain the target crack length. 



4 

 
Subsequently the fatigue cracks were manufactured for the ET investigations. Sample 

10 and 11 are shown in Figure 4, recorded with a scanning electron microscope (SEM) by 
ZHAW. Additionally, fluorescent dye penetrant tests were conducted after the crack starter 
notch was removed by grinding and electropolishing, see Figure 5. 

 
 

  

Figure 2: SEM details of sample 10 [2] 
 

  

Figure 3: SEM details of sample 11 [2] 
 

  

Figure 4: Fluorescent dye penetrant test; left: sample 10; right: sample 11 
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The crack size at the surface was measured by ZHAW with the SEM, the results are 
shown in Table 3 [2]. The through wall extent was estimated by the decrease of the resonant 
frequency and by means of ultrasonic examination, see chapter 5. 

 
Table 3: Crack length and surface opening width of samples 10 und 11, measured by ZHAW 

Sample Crack length Crack surface 

opening width 

10 6.43 mm 700 nm 

11 7.55 mm 600 – 1000 nm 

3 Eddy Current Examination Technique 

The Eddy Current examination techniques listed in Table 4 were used for the 
measurements of the samples, following an SVTI Laboratory procedure [3]. The equipment 
used was an Olympus Nortec 600S and 600D, software version 1.10. The examination was 
done manually, while the instrument settings and data were recorded for further evaluation 
and comparison. All measurements were carried out with a 50 Hz Low Pass filter but without 
High Pass filter. 

 
Table 4: Eddy Current Techniques 

 Absolute 

Low-Frequency 

Absolute 

High-Frequency 

Differential 

High Frequency 

Plus-Point 

Low-Frequency 

Technique Abs-LF Abs-HF Diff-HF +Point-LF 

Probe Type Metal Shaft 
Surface Probe 

Metal Shaft 
Surface Probe 

Straight Pencil 
Probe 

Spring-loaded 
Surface Probe 

Manufacturer Olympus-Nortec Olympus-Nortec Olympus-Nortec Zetec/Areva 

Probe ML/100kHz-
500kHz 
A/90.5/6 

MPL/500kHz-
2MHz 
A/90/6 

PRL/500kHz-
3MHz 

WS Probe 
Pluspoint 
30kHz-400kHz 

Model-No. 9222164 9222216 9222163 Zetec Coil PP11K  

Frequency 100kHz, 250kHz 
500kHz 

500kHz, 1.0MHz 
2.0 MHz 

500kHz, 1.0MHz 
2.0 MHz 

50kHz, 100kHz, 
250kHz, 400kHz 

Coil Diameter 3.2 mm 2.4 mm 3.2 mm 3.0 mm 

Ferrite Core None None None None 

Shielding Unshielded Unshielded Unshielded Unshielded 

 
The hardware is shown in Figure 6. 
 

 
 

  
Figure 5: Hardware, from left to right: Absolute Probe LF 9222164, Absolute Probe HF 9222216, 

Differential Probe 9222163, PlusPoint Probe Zetec Coil PP11K,  
Olympus Nortec 600 during manual data acquisition 
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4 Results 

4.1 Comparison of the EDM Notch and Fatigue Crack using the PlusPoint Probe 

The following two figures show the ET response of an EDM notch with a through-wall 
extent of 0.5 mm on the left side, compared with the mechanical fatigue crack in sample 10 
on the right. The through-wall extent of the sample 10 crack has been estimated with UT to 
be 1.5 mm. These examples of signal responses are from the PlusPoint Probe at 100 kHz and 
400 kHz. 

 

 

Figure 6: PlusPoint Probe, Frequency 100 kHz;  
left: 0.5 mm EDM Notch; VPP = 0.7; HPP = 0.1; Phase = 275° 

right: Sample 10 Crack, TWE ~ 1.5mm; Width 0.7µm; VPP = 2.7; HPP = 0.4; Phase = 261° 

 
 

 

Figure 7: PlusPoint Probe, Frequency 400 kHz;  
left: 0.5 mm EDM Notch; VPP = 0.8; HPP = 0.2; Phase = 285° 

right: Sample 10 Crack, TWE ~ 1.5mm; Width 0.7µm; VPP = 2.7; HPP = 0.4; Phase = 263° 

 

4.2 Discussion of the Comparison between Notch and Fatigue Crack 

For quantification of the signal responses, the amplitude as well as the signal phase 
were recorded. The vertical signal amplitude VPP is at least smaller by a factor of 3.5 than 
the signal of the sample 10 and 11 cracks. Generally, for field inspections, a VPP signal 
threshold is used as the first criterion for detection of flaws. For this example, it can be 
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concluded that EDM notches are conservative for detection of the cracks and can be used as 
representative and conservative artificial test flaws.  

 
Table 5: Comparison of the vertical amplitude VPP; PlusPoint Probe;  

EDM Notch and Fatigue Crack 

Vertical Amplitude 

VPP in scale divisions 

Pluspoint 

50kHz 

Pluspoint 

100kHz 

Pluspoint 

250kHz 

Pluspoint 

400kHz 

EDM Notch 

0.5 mm TWE 
0.59 ± 0.03 0.70 ± 0.01 0.70 ± 0.01 0.73 ± 0.03 

Fatigue Crack, 

Sample 10,  

~ 1.5mm TWE 

2.75 ± 0.05 2.75 ± 0.05 2.79 ± 0.05 2.68 ± 0.05 

Fatigue Crack 

Sample 11, 

~ 1.7mm TWE 

3.35 ± 0.05 3.48 ± 0.04 3.28 ± 0.04 3.10 ± 0.07 

 
The signal phase of the EDM notch deviates from the phase of the fatigue crack, see 

Table 6. The deviation is the larger, the higher the examination frequency is. When 
establishing detection criteria, this should be taken into account. This is especially because 
the deviation increases with the through-wall extent of the crack. The range of phase angles 
considered as a relevant indication needs to cover this deviation between EDM notch and 
fatigue crack. 

 
Table 6: Comparison of the Phase; PlusPoint Probe; 

EDM Notch and Fatigue Crack 

Phase 

in ° 

Pluspoint 

50kHz 

Pluspoint 

100kHz 

Pluspoint 

250kHz 

Pluspoint 

400kHz 

EDM Notch 

0.5 mm TWE 
270.0 ± 0.5 275.3 ± 0.5 275.9 ± 1.6 284.9 ± 0.7 

Fatigue Crack, 

Sample 10,  

~ 1.5mm TWE 

264.0 ± 0.7 261.0 ± 0.1 260.0 ± 0.7 263.8 ± 0.4 

Fatigue Crack 

Sample 11, 

~ 1.7mm TWE 

260.8 ± 0.8 260.0 ± 0.5 257.8 ± 0.4 262.8 ± 0.4 

 
Recommendation: While using notches with 0.5 mm depth for calibration of Eddy 

Current Techniques, it is recommended to set the phase tolerance to ± 25°. 
 

4.3 Crack opening through plastic deformation – influence on the ET signal 

The following two figures are showing the effect of plastic deformation in order to 
widen up the crack. This example shows data from sample 11. On the left, the crack has had 
a 1 µm opening at the surface; on the right, the same crack after deformation has a 106 µm 
opening. Again, these examples of signal responses are from the PlusPoint Probe at 100 kHz 
and 400 kHz. 
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Figure 8: Comparison of different crack openings;  
PlusPoint Probe, Frequency 100 kHz;  

left: Sample 11 Crack, Crack Width 1 µm; VPP = 3.5; HPP = 0.6; Phase = 260° 
right: Sample 11 Crack, Crack Width 106 µm; VPP = 3.7; HPP = 1.2; Phase = 251° 

 

Figure 9: Comparison of different crack openings;  
PlusPoint Probe, Frequency 400 kHz; 

left: Sample 11 Crack, Crack Width 1 µm; VPP = 3.1; HPP = 0.4; Phase = 263° 
right: Sample 11 Crack, Crack Width 106 µm; VPP = 3.4; HPP = 0.7; Phase = 261° 

 

4.4 Discussion of the influence of crack opening on the ET signal 

It is assumed that during the plastic deformation process for opening the crack, the 
through-wall extent of the crack does not change. With this assumption, it can be concluded 
that the vertical amplitude does not change significantly with the crack opening, see Table 7. 
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Table 7: Influence of the Crack Opening on the Vertical Amplitude VPP 

Vertical Amplitude 

VPP in scale divisions 

Pluspoint 

50kHz 

Pluspoint 

100kHz 

Pluspoint 

250kHz 

Pluspoint 

400kHz 

EDM Notch 

0.5 mm TWE 
0.59 ± 0.03 0.70 ± 0.01 0.70 ± 0.01 0.73 ± 0.03 

Fatigue Crack 

Sample 11    1.0 µm 
3.35 ± 0.05 3.48 ± 0.04 3.28 ± 0.04 3.10 ± 0.07 

Fatigue Crack 

Sample 11    24 µm 
3.63 ± 0.08 3.60 ± 0.20 3.60 ± 0.01 3.40 ± 0.01 

Fatigue Crack 

Sample 11    106 µm 
3.60 ± 0.08 3.73 ± 0.04 3.60 ± 0.01 3.40 ± 0.07 

 
Considering the signal phase, no general conclusion can be found. However, is a 

frequency chosen where the eddy current penetration depth is in the range of the crack 
through-wall extent, in this present example this is between 50 kHz and 100 kHz, the phase 
is shifted to smaller phase angles with larger crack openings, see Table 8. 

 
Table 8: Influence of the Crack Opening on the Signal Phase 

Phase 

in ° 

Pluspoint 

50kHz 

Pluspoint 

100kHz 

Pluspoint 

250kHz 

Pluspoint 

400kHz 

EDM Notch 

0.5 mm TWE 
270.0 ± 0.5 275.3 ± 0.5 275.9 ± 1.6 284.9 ± 0.7 

Fatigue Crack 

Sample 11    1.0 µm 
260.8 ± 0.8 260.0 ± 0.5 257.8 ± 0.4 262.8 ± 0.4 

Fatigue Crack 

Sample 11    24 µm 
250.8 ± 0.8 252.5 ± 0.5 255.5 ± 0.9 260.5 ± 0.5 

Fatigue Crack 

Sample 11    106 µm 
243.0 ± 1.0 253.5 ± 2.5 256.5 ± 1.0 261.3 ± 0.8 

 
As already mentioned, it has to be taken into account that the crack opening process 

does not change various crack properties along with the width. The opening might change 
the bridging effect, which is related to the contact between the fracture surface. Therefore, 
the signal-generating depth section of the crack might change. 

 

5 Verification of the Crack Through-Wall Extent 

For an estimation of the real crack through-wall extent in sample 10 and 11, manual 
UT examinations were done among others after removal of the engraved crack starter notch 
as well as before and after the crack opening. 

With the commonly used measurement between corner trap and tip diffraction signal 
the crack through-wall extent (TWE) could not be measured reliably. Therefore, signal 
optimizations were done by skewing the UT probe for the maximum tip signal to noise ratio. 
A calibration curve on EDM slots with 1.0 mm, 2.0 mm and 4.0 mm depth was recorded. 
Through averaging and interpolation the real crack TWE was estimated. The results are 
summarized in Table 9. 
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Table 9: Estimation of crack through wall extent by UT 

UT Measurement Sample 10 - 32 µm opening 

Tip diffraction time of flight in 

µs 

Sample 11 - 106 µm opening 

Tip diffraction time of flight in 

µs 

 Start Maximum End Start Maximum End 

1. UT Measurement 16.24 17.000 17.76 16.59 17.120 17.65 

2. UT Measurement 16.44 17.140 17.84 16.39 16.710 17.03 

3. UT Measurement 16.49 17.040 17.59 16.55 16.980 17.41 

4. UT Measurement 16.44 17.000 17.56 16.30 16.685 17.07 

Mean  17.045 ±0.07   16.874 ±0.21  

Sample Thickness after 

Removal of Starter Notch 
15.58 mm 15.58 mm 

Position of the tip from 

coupling surface 
14.07 mm 13.89 mm 

Through Wall Extent 1.51 mm 1.69 mm 

 
Due to the method used for the TWE measurement, the values are considered as an 

estimated TWE. Another estimation was made by a destructive test. Sample 11 was broken 
up. The result is shown in Figure 11. 

 

 
Figure 10: Verification by Destructive Testing; Estimated Crack Through-Wall Extent 1.97mm 

 
As already mentioned for the UT investigations, the destructive test has uncertainties. 

It cannot be verified if a bridging effect, the contact between fracture surfaces, was present. 
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6 Summary 

In this paper a Swiss research project was presented, in which it was planned to verify 
notches as representative and conservative artificial test flaws for the qualification of eddy 
current examination techniques. Mechanical fatigue cracks and EDM notches were 
manufactured. An extensive measurement campaign with 13 different eddy current 
techniques was carried out. In parallel, crack verifications were done with a scanning electron 
microscope, dye penetrant examinations and ultrasonic examinations as well as destructive 
tests. 

It can be concluded, that notches with half of the through wall extent of the detection 
target size are a conservative approach for fatigue cracks and can be used for qualification 
purposes of eddy current techniques. 
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