
1

Defining Experimentally            
the Probability of Detection          

of Hidden Second-Layer Cracks 
C. Matias, A. Brot and W. Senderovits

Engineering Division, Israel Aircraft Industries
Ben-Gurion Airport, Israel

Presented to USAF Aircraft Structural Integrity Program, 
29 November 2006



2

Objective

This study investigates the LOW FREQUENCY EDDY LOW FREQUENCY EDDY 
CURRENT (LFEC) Non Destructive Inspection (NDI) CURRENT (LFEC) Non Destructive Inspection (NDI) 

crack detection probability per crack length and per cover 
thickness in order to establish statistical parameters 
needed for implementation in damage tolerance analyses .
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Eddy Current N.D.I. method
200 Hz to 6 MHz signal, applied to a coil, which induces an eddy-
current in the part. Measurement of the induced current indicates 
defects or discontinuities. 

High-frequency eddy-current (HFEC) NDI
Uses 50 KHz to 6 MHz signal. 
Widely used and thoroughly investigated crack detection method 
for an uncovered layer (first layer). 

Low-frequency eddy-current (LFEC) NDI
Uses 200 Hz to 50 KHz signal. 
A crack detection method capable of detecting cracks at a hidden
second layer.
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The advantage of LFEC Non-Destructive 
Inspections 

Aircraft structures designed and certified to the damage-
tolerance requirements must be inspected periodically for 
cracks.

LFEC NDI technique allows detection of cracks in the LFEC NDI technique allows detection of cracks in the 
hidden second layer of the structure.hidden second layer of the structure.

The use of LOW FREQUENCY EDDY CURRENT (LFEC) Non 
Destructive Inspection (NDI) has the potential of 
significantly increasing inspection intervals for some 
structural details.
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INSPECTION POINT :       FF2.3   Canopy  Frame   STA 3982 
INSPECTION METHOD :  Low & High frequency eddy-current – see figures  
FREQUENCY :                    10,000      15,000     20,000   flights 
INSIDE/OUTSIDE :             Inside the Cockpit 
PREPARATION :                Remove internal trim and instrument panels. 
TO BE INSPECTED :          Inspect the Frame inner Flange and the Splice for cracks at 
                                                fastener holes 
ACTION :                              Report cracks of any size. 
AFTER INSPECTION :      Reinstall internal trim and instrument panels. 

Typical structural hidden inspection point



6

Setting inspection intervals based on 
Crack detection statistical considerations

The specific NDI method determines “ad” value. 
Damage tolerance analysis determines “T” and “ac” values.
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Structural Classification of Detail 

 Multiple Load Path 
or Crack Arrest 

Single Load Path 
 

Periodic inspection interval NP / 2 NP / 3 

First inspection for cracks:

T/2 , but not later than 50% of the aircraft service life
(Tom Swift, ICAF 1983)

Periodic inspection intervals:

(Tom Swift, ICAF 1983)



8

PoD fit to HFEC NDI experimental data 

Flaw size              P.O.D 
  0.035”                  0% 
  0.070”                 50% 
  0.078”               63.2% 
  0.105”                 90% 

Sandia National 
Laboratories data, 
presented at 
ASIP 1994
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Weibull (three-parameter) probability of crack detection: 
(by regression from HFEC NDI Experimental results)

These LFEC NDI test results derive:
☻ Evaluations of probability of detection per different cracks 

sizes under different thicknesses of cover plates.

☻ “F” parameters per cover plate thickness.
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Where F = 1; High Frequency Eddy Current (HFEC) NDI test results
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Description of test specimens
Seven rectangular plates, each containing 100 holes.            
One is the base plate and the other six are used as cover plates.

Base plate (manufactured by NDT Engineering Corporation):
Five different crack lengths emerge from 30 randomly selected   
holes (0.10, 0.15, 0.20, 0.25, 0.50 inch). 
The plate thickness is 0.25 inch. 

Cover plate (manufactured by NDT Engineering Corporation):
Six different thicknesses: t = 0.25, 0.20, 0.16, 0.12, 0.08, 0.04 in.
All plates except of  t = 0.08, 0.04 in. have 50 c’sink holes &             
50 plain holes.

Material: AL7075-T6.

Base plate is fastened tightly to cover plate by means of 
HI-LOK fasteners. 
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Dimensions are in mm
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Test procedure
Five different probes were used during the tests:
1. Ring s/n G01640 (IAI)           4.   Sliding SPO-1893 (IAI)
2. Pencil LP-40/5k (IAI)            5.   Ring SPO-996 (IAF) 
3.    Ring SPO-2030 (IAI) 

Number of tests performed for the various probes and cover plates 
  Cover plate thickness [inch]

0.25 0.20 0.16 0.12 0.08 0.04 Total
Ring SPO 2030 3 2 1 1 3 - 10
Ring s/n G01640 - - - - - 1 1

Pencil LP No 
response

No 
response

No 
response

No 
response

No 
response 1 1

Sliding SPO 1893 1 1 1 1 - - 4
Ring SPO 996 - - - 34 - - 34

50
Note : Sliding probe is used on c'sink holes only

Te
st

 p
ro

be
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Test results

# Detections % # Detections % # Detections %
Thickness:

Test Probe:
Pencil 

LP

Ring 
s/n 

GO1640 Total Total

Ring 
SPO 
2030 Total

Frequency: 2Khz 2Khz 2 1Khz 700Hz 2Khz 3 600Hz 500Hz 500Hz 35
Horz Sen: 66.9 66.9 71.5 75.4 71.5 70.6
Vert Sen: 77.7 77.7 82.3 84.8 82.3 80.5

No. of tests: 1 1 2 1 1 1 3 1 23 11 35
0.10 6 6 2 67 1 2 0 17 0 64 27 43
0.15 6 6 6 100 6 6 5 94 5 133 60 94
0.20 6 6 6 100 6 6 6 100 6 135 65 98
0.25 6 6 6 100 6 6 6 100 6 138 65 100
0.50 6 6 6 100 6 6 6 100 6 137 66 100
Total 30 30 26 25 26 23 23 607 283

Total % detection 100 87 83 87 77 77 88 86

Exisiting 
Crack 

Length 
[inch]

No. Of 
Existing 
Cracks 

per 
Base 
Plate

Ring SPO 2030 Ring SPO 996

0.08 [inch]0.04 [inch] 0.12 [inch]

# Detections % # Detections % # Detections %
Thickness: 0.16 [inch]

Test Probe:
Ring SPO 

2030 Total Total Total
Frequency: 600Hz 1 450Hz 350Hz 2 350Hz 400Hz 350Hz 3
Horz Sen: 71.5 74.5 63.8 72.6 69.5 70
Vert Sen: 85.9 84.6 81.3 85 84.3 84.1

No. of tests: 1 1 1 1 2 1 1 1 3
0.10 6 2 33 0 1 8 0 1 1 11
0.15 6 6 100 4 4 67 2 2 1 28
0.20 6 6 100 5 5 83 4 5 5 78
0.25 6 6 100 5 6 92 4 5 5 78
0.50 6 6 100 6 6 100 5 5 6 89
Total 30 26 20 22 15 18 18

Total % detection 87 67 73 50 60 60

Exisiting 
Crack 

Length 
[inch]

No. Of 
Existing 
Cracks 

per 
Base 
Plate

Ring SPO 
2030 Ring SPO 2030

0.20 [inch] 0.25 [inch]

Ring and pencil probe detection results: 
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C'sink Plain C'sink Plain C'sink Plain C'sink Plain C'sink Plain C'sink Plain C'sink Plain C'sink Plain C'sink Plain
0.10 0.10 4 2 0 0 1 1 0 0 1 0 0 0 1 0 1 0
0.15 0.15 3 3 2 3 3 3 1 3 2 2 1 1 1 1 0 1
0.20 0.20 2 4 2 4 2 4 2 3 1 4 1 3 1 4 2 3
0.25 0.25 3 3 3 3 3 3 2 3 3 3 2 2 2 3 2 3
0.50 0.50 3 3 3 3 3 3 3 3 3 3 2 3 2 3 3 3

15 15 10 13 12 14 8 12 10 12 6 9 7 11 8 10
67 87 80 93 53 80 67 80 40 60 47 73 53 67

NUMBER OF CRACK DETECTIONS

Total % of detect
TOTAL

Ring SPO 2030

t = 0.25 inch

400Hz350Hz 350Hz

t = 0.20 inch

Ring SPO 2030

450Hz 350Hz600Hz

t = 0.16 inch

Ring SPO 
2030

600Hz

Existing 
Crack 
length 
[inch]

No. Of 
Existing 
Cracks

t = 0.12 inch

Ring SPO 
2030

Plate 
Thickness

t = 0.12 
inch

t = 0.16 
inch

t = 0.20 
inch

t = 0.25 
inch

Freqency 350 Hz 350 Hz 350 Hz 350 Hz
Horz. Sen. 54.4 58.4 53 57.1
Vert. Sen. 66.9 69.9 70.5 74.6

0.10 4 2 2 2 2
0.15 3 3 3 3 2
0.20 2 2 2 2 2
0.25 3 3 3 2 3
0.50 3 3 3 3 3
Total 15 13 13 12 12

Total % detection 86.7 86.7 80.0 80.0

NUMBER OF CRACK DETECTIONS USING SLIDING PROBE (SPO 1893)

Number Of 
Existing 

Cracks at 
Countersunk 

Holes

Exisiting 
Cracks 
Length 
[inch]

Ring probe detection results for plain holes and countersunk holes:

Sliding probe detection results for the countersunk holes: 
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Analysis of test results
Percentage of detection for all tests, all crack lengths and all holes (plain      
& countersunk) done with ring & pencil probes per cover plate thickness:
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Percentage of detection for IAI tests, for all crack lengths, for plain holes       
versus countersunk holes done by ring & sliding probes per cover thickness:

Test crack detection results for all crack lengths - plain versus 
c'sink holes; Ring SPO-2030 versus Sliding SPO-1893 Probes
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Percentage of crack detection for all tests (for all probe types) per 
crack length and per cover plate thickness: 

Crack size [inch]

0.10 No reliable detection
67 17 43 33 8 11

0.15
100 94 94 100 67 28

0.20
100 100 98 100 83 78

0.25
100 100 100 100 92 78

0.50

Reliable detection

100 100 100 100 100 89
0.00 0.04 0.08 0.12 0.16 0.20 0.25 Cover plate

IAI IAI IAF+IAI IAI IAI IAI thickness [inch]

90% Reliability

0.105 inch
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Probability of detection correlation to test results for 0.04 inch cover 
thickness as function of crack length:
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Probability of detection correlation to test results for 0.08 inch cover 
thickness as function of crack length:

Detection probability - 2.0 mm cover plate thickness
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Probability of detection correlation to test results for 0.12 inch cover 
thickness as function of crack length:

 
D etection probability -  3.05 mm cover  plate 
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Probability of detection correlation to test results for 0.16 inch cover 
thickness as function of crack length:

Detection probability - 4.1 mm cover plate thickness
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Probability of detection correlation to test results for 0.20 inch cover 
thickness as function of crack length:

Detection probability - 5.1 mm cover plate 
thickness
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Probability of detection correlation to test results for 0.25 inch cover 
thickness as function of crack length:

 Detection probability - 6.35 mm cover plate 
thickness
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