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Application of probabilistic risk analysis

Complement the Damage Tolerance Analysis
Determine inspection intervals
Selection of NDI technique

Aid in making decision on component replacement
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Aid in deciding (military) aircraft retirement
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Probabilistic risk analysis (PRA) of fracture

“¥” Risk - probability of failure or unstable fracture

Q (cyclic) ® Failure occurs when:;
o > Residual strength
Parameters needed to conduct a risk analysis of fracture
_________ ) -
» Master crack growth curve
» Residual strength curve
| » Peak stress exceedance curve
L@ (increasing with time) R » EIFS distribution — equivalent initial flaw size
Width expressed in probability distribution

G (cyclic)
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Role of probabilistic risk analysis in ASIP (MIL-STD- 1530C)

Task 1 - Design Information

¥

Task 2 - Design analysis and ﬂDI:> M_IL-STD-15_30C 5.2.16 Initial
developmental testing Risk Analysis

v

Task 3 — Full scale testing

!

Task 4 — Certification & Force HI]I:D MIL-STD-1530C 5.4.1.1 Risk
Management Development Analysis

|

Task 5 — Force Management . Continuing assessment of ASI
Execution I‘: MIL-STD-1530C 5.5.6.3 Risk Analysis
Updates

Aircraft Structural Integrity Program (ASIP) Tasks
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Development of FracRisk - Risk Analysis of Fracture Tool
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PROF analysis tool FracRisk analysis tool

Distribution models are fixed

* Peak stress distribution can only

be modelled by Gumbel type 1, Distribution model in all

parameters not restricted,
*  Fracture Toughness can only be tabulated data also acceptable
modelled by Normal Distribution,

*  Probability of Detection (POD) can
only be modelled by Lognormal

Distribution
DSTO
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Verification of FracRisk results

¥ FracRisk and PROF @ FracRisk and LM Aero

10 10°
. '@
10? ﬁf 0wy
1 e w
. 101 (l —— PROF 10_3% ! ! b — }
§ 10_6’ | —— FracRisk 10" /
= 1 LL P
o 10_5%
10°® i 106%
] wn
10 & . . . . 10 ‘%
10° ; £ O~ LM Aero
FracRisk
. 10° 'ﬁ
Flight hours 107 | : X vk : ; : |

»Data used from PROF
» Results are compatible
» Validates the result from FracRisk
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Bayesian Updating of Risk Analysis
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Bayesian updating of EIFS Distribution

IL-STD 1530
requires update
of EIFS
distribution
assumption

:

Crack growth curve

Peak stress exceedance Risk curve
‘E{ ; 7 i E{
== |

EBH Need expensive

Lots of data no .
testing to update
need for updates 1 g P

SFPOF

Residual strength

Material property
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1) Bayesian aircraft risk updating

ﬁ?isk
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Initial risk curve
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» Flight
hours
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distribution estimate distribution
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Prior
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Updated
distribution
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2) Bayesian fleet risk updating (when no observed failure)

Hypothetical example = 10 aircraft in a fleet

4 Past | Fure __—High flight hours
@’g’ s | (minimum benefit)
St Futur‘é‘/:__
B
PoF |
.. Low flight hours
3 N [EUPEESE (maximum benefit) 10t i . _
Observed failure probability = 0 (i.e., 0/10)
o /%/{!:
»  Flight hours 10” /;
1 0.4 /; (closer to observed probability)
§ 10° ﬁ --=-- Conventional Risk method
_,/’ . —%*— Bayesian updating
. . . 6 7 1
» Reduction of risk at all flight hours 107y
10’4 | .
. b d probability = 0
> Updated risk closer to observed PoF than 1o° OPREneq probbIy

conventional risk output

Flight hours
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2) Bayesian fleet risk updating (with observed failure)

PoF

Hypothetical example = 10 aircraft in a fleet

ast __Egtﬂre Past I Future
Fo------ >
1

1 Observed PoF at 23000 FH = 0.1 (i.e, 1/10)
1 1 rd

1 10" 7 f/////
1 O
1

<—0.036
» Flight hours 107 o/

S
1071 / e
5 _»+— 0.00029

10"+
LL >
. . . O 4,5

> Big increase of risk a 10 /

10°; - Conve_ntional mgthod (no updating)
» Updated risk closer to observed PoF than 10"}~ ~© Bayesian updating

conventional risk output 10°
Flight hours
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Multi-site Fatigue Damage (MSD)

UNCLASSIFIED

DSTO
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Multi-site Damage (MSD) Probabilistic Risk Analysis

- Crack grows in phases

" Simple and easy to analyze
¥" commonly used method

1) Phase by phase approach

Rt deei e 7---y-------~---r--- Multiple cracks grow simultaneously

¥ Complicated procedure
¢~ Realistic

2) Multi-site damage (MSD)

DSTO
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Why MSD analysis important?

& Maintaining structural integrity

“multiple-site damage could cause many small cracks in the structure, which grow
slowly by themselves, to join one another over time, creating a much larger crack,
and significantly reducing the expected time until failure”

‘S~ Required by standard

“Durability criteria apply to all airframe structural components and shall include
criteria that pertain to the onset of widespread fatigue damage”
MIL-STD-1530C (USAF) 5.1.3.4

"~ Mandated by Federal Aviation Administration (FAA)

requires aircraft manufacturers and other certification applicants to establish a
number of flight cycles or hours a plane can operate and be free from WFD without
additional inspections for fatigue.

Al
“
—~ %
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Effect of multiple cracks
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to the residual strength

Lead crack

Case 1- Single crack

Lead crack

o -0t O

Case 2- MSD 2 cracks

Lead crack

0oL O

Case 3- MSD 3 cracks

Case 1

Case 2

Limit load

Residual strength

Lead crack size, a

MSD reduces the
residual strength

DSTO
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Effect of multiple cracks to the inspection interval

Lead crack

Single crack

NDI (non-destructive inspection)

Lead crack

0L O

MSD

Single crack

1
1
|
MSD ——

MSD reduces the crack
inspection interval*

|
Limit load I

Residual strength

Detection period
for MSD

‘ single crack

Life (flight hours)

‘ Detection period for

* Alain Santgerma, et. al. (AA&S Brisbane, 2012) D STO
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MSD Risk Analysis
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of C130-H CW-1 Location
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C130-H CW-1 MSD crack scenarios analysed (ato e)

Hole diameter = 6.35 mm Hole diameter = 9.52 mm

£4.48 mml 24.45 mm
o Ve
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Note: Dimension not to scale

\ 4

a”mit =157.48 mm
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Legend:
— —>
Lead crack
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Probability of Failure (PoF) with increasing cracks numbers

=3 Probability of failure increases with
the increase of the number of cracks
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Summary of FracRisk capabilities

UNCLASSIFIED
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Probabilistic risk analysis of failure tool

- FracRiIsk

D

Inputs ,\PEP Approach | Bayesian Fleet Updating MSD - Monte Carlo

Capabilities

PROF method

Inspection data; e

FracRisk

POD
€6 curve |5 _LM_AERD_REFLICATE.COC
EIFS: |EIFS_ADUUSTED_BY_26800 EF

Repair crack dist. |EIFS_ADJUSTED_BY_26800 £FF

Stress exce: dance; ‘STRESS_EXC STR

Residual strength: ‘RES\DUAL STR_LM_AERC_REPLICATE RST

STO "developed risk

Lognormal POD
m@mmyss tool
U Assume Gurmbel distribution A= (120
@ Use tabulated data B=

Bayesian risk
updating

ﬁ

Multi-site

damage (MSD)

risk analysis

—

SFPoF

Risk Curves

©

3 PoF=0.10 (Observed)

13??270

Flight hours

1 out of 10 failure
<>/\/
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~<>— Bayesian fleet (1/10 failure)
—4— Conventional (no updating)
—o— Bayesian fleet (0/10 failure)

No failure
‘/POF 0.00 (Observed)
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Fllght hours
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Conclusions

Capability of FracRisk as a risk analysis tool is demonstrated
Bayesian updating of risk analysis improves the accuracy of the risk analysis

Bayesian updating is a potential tool for inexpensive update of the risk analysis

V V VYV VY

An increase in the number of cracks resulted to a corresponding increase in the
risk of fracture

Where do we go from here?

»  Enhancing the MSD risk analysis capabilities of FracRisk

(e.g., replace master crack growth curve with crack growth calculation based on
local geometry and fracture mechanics, using handbook solutions or FEA)

DSTO




UNCLASSIFIED

Questions?

v
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Outline of the presentation

A\

Relevance of Probabilistic Risk Analysis (PRA) of Fracture to aircraft structural
integrity assessment

Development of risk analysis tool FracRisk
Bayesian updating of risk analysis

Multi-site damage (MSD) risk analysis

YV V V V

Conclusion

DSTO
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