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Outline of the presentation

» Relevance of Probabilistic Risk Analysis (PRA) to aircraft structural
Integrity assessment and management of military aircraft

» Data required for PRA

» The use of successful flights to improve PRA results using Bayesian
updating

> Conclusion
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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

YV V. VYV V VY

Aid in deciding (military) aircraft retirement
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Role of probabilistic risk analysis in ASIP

Part 1 - Design Information

¥

Part 2 - Design analysis and
developmental testing

v

Part 3 — Full scale testing

!

Part 4 — In-service management
data package

|

> Establishes the standard

J

Documents the continuing air
worthiness system

Part 5 — In-service management

Continuing assessment of ASI
( e.g. Risk analysis, etc.)

Aircraft Structural Integrity Program (ASIP) Parts
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Quantitative Hazard Probability

MIL-STD 1530C :

Risk curve

Accgptable provided with mitigating
circumstances

i / Acceptable

Probabilistic risk analysis provides a quantitative measure for
the specific hazard level
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Challenges in probabilistic risk analysis

» Predicting too far ahead increases uncertainty

¢ Uncertainty

Long term
prediction y
Prediction with é Uncertainty
constant
updates
< Time ,

“¥” Incorporating new observation into the data improves
prediction
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Risk analysis of fracture

‘¥ Risk - probability of failure or unstable fracture
O (cyclic) ®  Failure occurs when:;

o > Residual strength , RS

» Residual strength decreases with increase of
crack size

Parameters needed to conduct a risk analysis of fracture

> EIFS distribution

_ > Master crack growth curve
~ a(increasing with time) >  Residual strength curve
Width >  Peak stress exceedance curve
G (cyclic)
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Probabilistic Risk Analysis of Fracture — (Parameters)

What parameter to update? 1— Focus of this presentation

EIFS given as distribution — &
suitable for inexpensive updates :

Highest influence
to PoF values

!

Crack growth curve

RISk curve

MI \

Peak stress exceedance —
A . =
£ %\
&Q ——) %‘ d—— _—/
Smax | '
Lots of data no > Need expensive
testing to update
need for updates 1 g P

Residual strenﬂth

\ Material property (fixed)
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What is Equivalent Initial Flaw Size (EIFS)?

= afictitious crack size used to describe the size of a
crack at the beginning of its fatigue life (time zero)

¥~ dependent on crack growth curve

#  not material property Analytical modeling

y

How the master crack growth curve is obtained ?

<:|C?—Szf(AK,R)

Scaling based on usage severity factor (USF)

A 4

Master crack growth curve for a specific location

<
,l
!
. . . /
< In-service finding /
o L
£
o .7
c < e
2 Il ,/
x /I ’ //,
(@) 4 ,I /,
g 0 = Master crack growth
" EIFS e ,,4/ curve

Flight hours, (t)
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EIFS distribution T
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Influence of EIFS distribution to the Probability of failure

UNCLASSIFIED

O
Probability of failure at time t Crack size
calculated from crack size distribution at
distribution at time t time =t,
—/
Crack size Risk analysis
distribution at result highly
time =t influenced by
Crack size EIFS
) distribution at distribution
g time=0 (EIFS)
X
&
S |
O |
Flight hours



UNCLASSIFIED

Ways of updating the EIFS distribution

Updating EIFS

] distribution
P ; T TT T

More data from - |
. teardown inspection |

Bayesian update using
flight hour data

|

-
L

Observed outcome
( Fail or Safe)
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Bayesian updating concept

Which should be given more importance?

Limited actual data <@m=m| Testing, sampling

A Or

-‘ Experience,

Biased judgement ? «@=m| engineering
judgment, etc.

Bayesian
statistics
combines both
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Classical (frequentist) statistics

[ Mean=7.5

e e e HH sample /:r_é/é\_":\
00 00 Ea\@g >
e Q e 0 L__\V/,__,' st.dev=1.97




UNCLASSIFIED

Classical (frequentist) statistics

"é\_ -- New data
Updated
Distribution

.’ Mean=7.0
_! st.dev=2.24

Q e Q HH sample /:'
0000 :>
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Bayesian statistics

( Not specific number)

e e e Hﬂﬁ% Can we update the
e 0 e e d;s;gbutlon?

Mean="?
L 2
L 4
0..

st.dev="?
<

15

updates
distribution with
non-specific new
data



UNCLASSIFIED

Updating the EIFS distribution using flight hour data

N Updated
y In_glal_ distribution
istribution
pdf pdf
Observed outcome
+ ( Fail or Safe) —
EIFS T EIFS

Indirectly gives new data
(i.e., range of EIFS)

Updated

Updated EIFS :
i in
distribution given Prior EIFS B;SeS?an
outcomes of distribution _ y
aircrafts 1,2, .., n l inference
l P(Xk|a0) f(a,)

aircraft k , given EIFS a,

T4 !
DSTO .
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Probabilistic Risk Analysis of C130-H CW-1 Location

T v |
DIA = 0,375 in. —-U

[ — l Holes 2 and 3
DIA =0.25in.
t=0.22in.
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1) Bayesian aircraft risk updating

A
T *EW
Risk L = = — — — »EW EIFS
| | |
\ EIFS

=% Flight hours — No updating
me 10"y —O— Bayesian updating every FH _
] D/
21 o
10 E D/O/O/O
) . . ) ] /Q/
High flight hours — high reduction 10°1] //E%/’
Low flight hours — Low reduction 4f @/
WL 10 - /
@) ]
o ] @)
10”4 ‘///
106//C
107 -

20000 22000 24000 26000 28000

Flight hours
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2) Bayesian fleet risk updating (no failure observed)

Past F_},‘}l_*f:e,:’_‘_‘—f"High flight hours
@’&z?.; (minimum benefit)
st _Eu_tgfé
PoF |
» .. Low flight hours
3 g | oot (maximum benefit) 10 _ N _
Observed failure probability = 0.00000 (i.e., 0/10)
10 5/*’
»  Flight hours 103 /;/
Case 1: No failure in a fleet 10 /; (closer to observed probability)
_ _ . . ;‘I: 10° ; --® - Conventional Risk method
> Big reduction of risk for low flight . ,/ —#— Bayesian updating
hours aircraft it R
- - - - 10-7
> Low reduction or risk for high flight 10°
hours aircraft 20000 22000 24000 26000
] Flight hours
> Updated risk closer to observed PoF

than conventional risk output

DSTO,,




UNCLASSIFIED

2) Bayesian fleet risk updating (failure is observed)

Past | Future
-

PoF

Past I Future
---=p
1

Observed PoF at 23000 FH = 0.100 (i.e, 1/10)

Case 2: Failure observed in one
member of the fleet

2 Big increase of risk

Failure time -1
10 _—
) /O =— 0.036 (Closer to observed)
10 o >
» Flight hours , 7
10

_—"b__——
o _»+=— 0.00029

4 -
10
»
5 P
10
-6 /)

---»-- Conventional method (no updating)

PoF

—Oo— Bayesian updating

10"
2 Updated risk closer to observed 1%3600 v - o
. . 4
PoF than conventional risk output _
Flight hours
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Conclusions

»  Updating risk analysis results can be done by utilising flight hours information

»  Bayesian updating using the flight history of a particular aircraft being analysed
only marginally improved the prediction for that aircraft.

»  Bayesian fleet updating using fleet data shows a moderate risk reduction when
no failure is observed and significant increase of risk values when failure is
observed in a fleet.

»  The Bayesian fleet updating risk values closer to observed PoF than
conventional risk results.

»  Risk of failure is not constant over the flight history and must be reviewed when
more data become available
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Questions ?
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Updating the EIFS distribution by Bayesian inference

Posterior EIFS distribution Prior EIFS
given outcomes of aircrafts distribution

= |

F (B, Xy X, )= ﬂ—[ P(Xk‘ao)} f(a, )da,

Expected outcome
of aircraft k , given
EIFS a,
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