UNCLASSIFIED

A Australian Government

Department of Defence
Defence Science and
Technology Organisation

Preliminary Probabilistic Risk Analysis of a Plate with
Multiple Open Holes Considering Multi-Site Damage

Dr. Ribelito Torregosa and Dr. Weiping Hu
Air Vehicles Division, DSTO, Australia

Presented by Ribelito Torregosa

UNCLASSIFIED



UNCLASSIFIED

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

Conventional phase by phase (PBP) risk analysis

Multi-site damage (MSD) risk analysis

Comparison of results between different MSD scenarios
Conclusion
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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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Definition of Risk

» For a component that contains a crack, the risk is the probability
that the component will fail due to sudden fracture during the
next flight.

» |If the component is a key structure, then its failure also signals
the failure of the aircraft

» The probability that a crack size, a exceeds the critical crack size,
a. as described in the figure below.

8 F(a) (acr) F(a) : distribution of crack sizes
- F(a,,) : distribution of critical crack sizes

a\ Risk of failure

(shaded area)
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Risk analysis methods

- 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

Focus of this I
presentation l
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Risk analysis methods (cont.)

» At least four groups of data are required for risk
analysis

v

ENERNERN

The distribution of the initial cracks
A crack growth curve from DADTA analysis
The exceedance distribution of the service load

The residual strength distribution of the crack
configuration

» From experience, the data of most influence are

v
v

The distribution of the initial cracks
The crack growth curve from DADTA analysis
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Graphical Representation of the Input Data

Highest influence
to PoF values

il
v

Peak stress exceedance Risk curve

Crack growth curve

SFPOF
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Lots of data no - Need expensive
testing to update
need for updates 1 gtoup

Residual strength

Material property
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Why MSD analysis is important?

=3 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”

=3 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

DSTO




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
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Effect of multiple cracks to the residual strength

Lead crack Lead crack

oL O

Single crack MSD

MSD reduces the

Residual strength

NDI (non-destructive inspection) crack inspection
ingl k .
Single crac |nterval
_bimitload N
[Detection period ‘ Detection period for
for MSD P l }‘ single crack

Life (flight hours)
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Probabilistic Risk Analysis of C130-H CW-1 Location
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C130-H CW-1 MSD crack scenarios analysed

Hole diameter = 6.35 mm
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Note: Dimension not to scale

a”mit =157.48 mm
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Hole diameter = 9.52 mm

Legend:
— —>
Lead crack
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2 — Parameter Monte Carlo simulation of MSD Risks

SFPOF

Parameters used
in Monte Carlo
simulation

il
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!

Crack growth curve

Risk curve - 4
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EBH Need expensive

testing to update
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MSD Probabilistic Risk Analysis Methodology
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Set number of
simulation (NS)

J

A 4

SC=SC+1

Simulation count |

'

Set Flight hour
(FH)=0

A 4

Generate
random EIFS

|

A 4

FH =FH + 1000

|

Calculate crack
size (a)

NO

Note flight hours at
failure
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Explained
next slide

Calculate
Probability of
failure
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Monte Carlo Simulation of the Probability of Failure

Calculation of the Probability of Failure

Limiting crack size = 157.48 mm ~

150—“""_"""""“"_,": ___________
1 N Failed inside time t
g | —— Not-failed inside time t
> 100 - !
N 1
= |
X
O
© l
@) | i
50 ! no. of failures
! PoF(t) = . .
! total simulation count
O - T T T T T tl T T T T T
Hours Simulation runs = 1,000,000

Randomly generated crack size at

time zero (EIFS)
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Probabilistic risk analysis of failure tool

UNCLASSIFIED

FracRIsk

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

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

Lognarmal POD

m@mmys IS tool
U Assume Gurmbel distribution A= (120
@ Use tabulated data B=

DSTO "developed risk

Capabilities

PROF method m———)

Bayesian risk
updating

ﬁ

T

This module used in
the analysis

Multi-site
damage (MSD)

risk analysis
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Risk Curves
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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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Probability of Failure (PoF) as a function of risk parameters

‘&~ 2 parameter risk analysis

““”Probability of failure increases 1. Crack growth curve
p?oroamEters ¢~ 4 parameter risk analysis
_ 1. Crack growth curve
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Probability of Failure (PoF) by varying hole location

““” Probability of failure increases
when the lead crack is closer to the

edge
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Conclusions

»  The presence of multi-site damage significantly increases the risk of failure for a
structural component Updating risk analysis results can be done by utilising flight
hours information

»  The simplistic approach using only two sets of parameters to conduct risk
analysis is shown to give lower risk values compared to the analysis using four
parameters

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

»  Cracks closer to the edge of a component will result in a higher risk of failure due
to its higher likelihood of becoming an edge crack
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Questions ?
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