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Abstract: In this study, the physics-based model and machine learning technique were used to conduct
model-assisted probability of detection (MAPOD) experiments. The possibility of using in-service cracked parts
was also investigated. Bolt hole shaped specimens with fatigue crack on the hole surface were inspected using
eddy current inspection. Owing to MAPOD, the number of experimental factors decreased significantly. The
uncertainty in the crack length measurement for in-service cracked parts was considered by the application of
Monte Carlo simulation.
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Fig. 1 Shape of J85 engine compressor lst state
rotor blade and its tangs
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Table 1 Material property of Ti-4Al-6V used for
J85 engine compressor Ist stage rotor
blade

Ti-4Al-6V (Grade 5), STA

Modulus of FElasticity 114GPa
Poisson Ratio 0.33
Yield Stress 1100MPa

Ultimate Stress 1170MPa

Fig. 2 Typical shape of fatigue crack at the center
of J85 compressor blade tang
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Table 2 Ranges of Input Variables for the Simulation
of Eddy Current Inspection

Factor Range Unit
Frequency 0.8 ~2 MHz
Crack Length/2 0.1 ~t2 mm
Crack Depth 0.1 ~t mm
Scan Path 0~t mm
Lift-off 0~1 mm
Conductivity 04 ~ 1 %IACS

Fig. 3 Modeling of a bolt hole center crack for
CIVA eddy current inspection simulation
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Fig. 5 Metamodels generated using the result of
CIVA simulation show ECI intensity is
dependent on crack length (r;), crack depth
(r,) and lift-off
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Fig. 6 Sensitivity analysis showing the two
important factors crack length (r;) and lift-
off (L/O). Other factors, frequency (Feq),
crack depth (r;), scan path (Scan) and
conductivity (Cond), show much smaller
sensitivity indices
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Table 3 Parameters estimated from noise analysis

Std 95% 95%

Parameter | Estimate Error | Lower | Upper
Inspector 2.96 1.48 0.064 5.85
[base]

Residual 3.99 0.33 3.41 4.74

ECI Intensity (%)

10

100.1 100.3 100.5

Crack Length (mm)

Fig. 7 Relationship between ECI intensity and crack
length
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