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Objective

 Develop a rapid scanning technique 
to identify fasteners with second 
(and first) layer cracks without 
fastener removal
◦ Reduce down time/cost
◦ Eliminate possible damage due to 

fastener removal
 Use bolt hole eddy current as a 

confirmatory technique (sizing)
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Pulsed Eddy Current 
Detection of Cracks

 Specially designed probe uses pulsed 
rather than conventional eddy current

 Generates data that is reduced to a small 
number of scores (5) using PCA that 
totally encapsulate the information
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Cluster Analysis

Mahalanobis Distance
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Characteristics

 Blind to the operator
 Treats the data as a group rather 

than fastener by fastener
 Uses robust statistics to overcome 

the blind inclusion of defects
 Previous work showed excellent 

ability to detect cracks
 Next step was to establish a 

Probability of Detection (POD)
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Generate a POD
Sample Size Distribution



Method
 For each sample (of 7)
◦ take and process data (10 passes)
◦ Use bootstrap method to generate data
◦ Do robust statistics (modified smallest half volume)
◦ Use a pre-set cut-off to determine hits and misses 
◦ Repeat so that each notched fastener appears 

approx. 100 times
 Combine data into one large matrix 
◦ Approx (101 rows (fasteners) by 83 columns (trials)

 Use MIL HBK 1823 software to do POD
◦ a50, a90, a90/95
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Hit/Miss POD
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Initial Results
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Appropriateness of Fit 
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Operator to Operator 
Comparison

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 0.2 0.4 0.6 0.8 1

D
et

ec
tio

n 
Ra

te
 O

pe
ra

to
r 

2

Detection Rate Operator 1

• 3 worst samples
• 45 fasteners
• 31 @ (1,1)
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Empirical (marginal) 
a90/95
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Empirical (marginal) a90/95
Number of Notches in Simulation

C1 C2 C3 C4

False Call Rate Data Fraction
/ (mm/inch) - Using ImageJ 

5% False Call

95% 2.72 / 
0.107

2.74 / 
0.108

3.00 / 
0.118

3.10 / 
0.122

97.5% 2.60 / 
0.102

2.67 / 
0.105

2.90 / 
0.114

2.98 / 
0.117

100% 2.43 / 
0.095

2.75 / 
0.108

3.24 / 
0.128

3.53 / 
0.139

10% False Call

95% 2.22 / 
0.088

2.33 / 
0.092

2.35 / 
0.093

2.66 / 
0.105

97.5% 2.07 / 
0.082

2.26 / 
0.089

2.33 / 
0.092

2.29 / 
0.090

100% 2.04 / 
0.080

2.28 / 
0.090

2.59 / 
0.102

2.90 / 
0.114

15% False Call

95% 1.93 / 
0.076

2.05 / 
0.081

2.10 / 
0.083

2.11 / 
0.083

97.5% 1.91 / 
0.075

2.02 / 
0.080

1.96 / 
0.077

2.08 / 
0.082

100% 1.71 / 
0.067

1.93 / 
0.076

2.28 / 
0.090

2.56 / 
0.101
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Summary

 More than just size affects the detection rate
 Automated robust analysis gives a marginal a90/95(80 fasteners/15% FC) 2 mm/0.08”
 Have nearly 50% detection down to 0.75 mm/0.03”
 Detection rate gets worse with smaller sample 

sizes (40 fasteners/15% FC) a90/95 = 2.57 mm/ 
0.10”

 Large statistical data set makes it possible to 
separate out some extra effects (operator)

 Statistical approach makes it possible to generate 
“Quality” statistics that indicate if the inspection 
was carried out properly and the sample conforms 
to the low defect assumption
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Questions
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Cumulative Distribution 
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Approach
Pulsed Eddy Current

MPCA

sj = S1jV1 + S2jV2



Robust Statistics
Modified Smallest Half Volume



Blind Detection Issues

 How to obtain an uncontaminated 
covariance matrix and centroid for 
the blanks? 

 Robust Statistics
 Lab samples are defect rich. How to 

generate large numbers of blanks 
like the real case?

 Bootstrap Method



Bootstrap
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