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1. Introduction

In the aircraft structure design, the damage
tolerance design is used to prevent the maximum
size of the assumed initial crack from growing to
the critical size during service life and before next
scheduled nondestructive inspection.

Traditionally, the inspection interval has been
determined by using deterministic crack growth
analysis referred as the Aircraft Structural Integrity
Program(ASIP) method[1]. Later, the Reliability
Centered Maintenance Analysis(RCMA) method,
which uses the stochastic crack growth method to
accounts for the uncertainty of crack growth rate,
was developed[2-3]. In both methods, to determine
the repeat inspection interval, the crack size with
high detection probability is used as the minimum
detectable crack size limit.

In this study, a modified RCMA method based on
fatigue reliability analysis method[4-5] is proposed
that incorporates the probability of detection(PoD)
in the RCMA to determine the inspection interval
considering the detection probability of any crack
size. Under different PoD curves, the inspection
scheme and class A mishap risk rate per flight hour
are estimated and compared with those by the
original RCMA.

2. Modified RCMA

It is assumed that the part always contains the
initial crack  with the maximum probable size[1].
The part is subjected to the nondestructive
inspection at the scheduled inspection time. If a
crack is detected, the maintenance action is taken,
and then it is assumed that the part is replaced to
the new one[4-7]. The crack always grows during
the operation and the distribution of crack growth
rate is the lognormal distribution[2-3].

The class A mishap risk rate per flight hour is as
follow[2]:
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where P, is the conditional probability that the
class A mishap occurs when the crack exceeds the

critical size, F(t) is the cumulative probability of
failure and R,(t) is the class A mishap risk rate

per flight hour.

For given initial inspection time, the maximum
repeat inspection interval would be found by
analyzing the cumulative probability of failure F(t)

and the class A mishap risk rate per flight hour
R,(t) for the entire serviceable time of the part.

3. Application

The example of crack growth curve and
PoD(Probability of detection) curves for application
is shown in Figure 1 and Figure 2 respectively[2,8] :
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Fig.1 The example of crack growth curve[2]
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The empirical crack growth rate is as follow[4-5]:
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where X is the lognormal random variable, a
is the crack size, and Q and b are the
parameters of the crack growth rate. Given
R,=5e-8/FH, P,=0.8 and the initial inspection time
7, =71676FH, the maximum repeat inspection

interval Vzr and the class Arisk rate per flight hour
during the service life are shown in Table 1 and
Figure 3 respectively :

Table 1 Inspection plans

PoD1 PoD2 PoD3 PoD4
7 7676 7676 7676 7676
Vr 2704 2697 414 362
— x108
< \
» I
% | [—popt AN A
g 47 |—poD2 \é\’
1 POD3
i ——POD4
®2r
s
K4
N
& 0 : ‘ ‘
0 0.5 1 1.5 2
Flight hours «104

Fig.3 Class A mishap risk rate per flight hour

4. Conclusion

In this study, the modified RCMA is proposed,
that is the method to determine the maximum
repeat inspection interval for given initial inspection
time. By using the probabilistic fatigue reliability
analysis method, considering the probability of
detection of the crack and using the maximum
probable size as the assumed initial crack size, this
method determines the reasonable maximum
repeat interval complying with the original RCMA
criteria and conservative requirement of the
damage tolerance design.

Future work would contain the method to
determine the inspection interval using the real time
inspection data.

Acknowledgment

This work was supported by Korea Agency for
Infrastructure technology Advancement (KAIA) in
2019. (19RTRP-B104370-06-000000)

References

[1] MIL-STD-1530D/CHG1, DEPARTMENT OF

62

5th International Conference on Materials and Reliability
Jeju, Korea, Nov. 27-29, 2019

DEFENSE STANDARD PRACTICE: AIRCRAFT
STRUCTURAL INTEGRITY PROGRAM (ASIP),
(2016)

[2] S.D. Manning, J. N. Yang, F. L. Pretzer, and J. E.
Marler, Reliability centered maintenance for
metallic airframes based on a stochastic crack
growth approach, In Advances in fatigue lifetime
predictive techniques, ASTM International,
(1992)

[3] J. N. Yang, and S. D. Manning, Stochastic crack
growth analysis methodologies for metallic
structures, Engineering Fracture Mechanics, 37
(5) (1990) 1105-1124.

[4] J.N. Yang, and S. Chen, Fatigue reliability of
structural components  under  scheduled
inspection and repair maintenance, In
Probabilistic Methods in the Mechanics of Solids
and Structures, Springer, Berlin, Heidelberg,
(1985) 559-568.

[5] J.N. Yang, and S. Chen, Fatigue reliability of gas
turbine engine components under scheduled
inspection maintenance, Journal of Aircraft, 22
(5) (1985) 415-422.

[6] F. Grooteman, A stochastic approach to
determine lifetimes and inspection schemes for
aircraft components, International Journal of
Fatigue, 30 (1) (2008) 138-149.

[7] .N. Yang, and S.D. Manning, Aircraft fleet
maintenance based on structural reliability
analysis, Journal of Aircraft, 31(2) (1994)
419-425.

[8] J.H. Heida, and F.P. Grooteman, Airframe
inspection reliability using field inspection data,
(1998)





