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Table of capabilities

Keep risk threshold method

Shortest path method

Operates under a risk threshold
constraint

Inspection times are arbitrarily
selected depending on time
resolution indicated in SMART

Inspection times are selected from
user defined candidates inspection
times

Performance with different types of
inspections

Cost information set per type of
inspection thru time is taking into
account
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Shortest Path Method

User define candidate
inspection times
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Shortest path formulation

The decision tree G(V,A) is described by the set of vertices V and its corresponding set of arcs A.

C = {cij / cijis the cost of traversing the link between i and j}

X = {xij / xij is 1 for the decision of travel through the link (i,j) and 0 otherwise}

V = {Set of vertices of the graph}

A = {Set of arcs of the graph}

Minimize

subject to
If
then
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Threshold: 107>

User defined inspections at: 5k, 10k, 15k, 20k, and 25k
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Possible inspection times [5000:5000:25000]
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User defined inspections at: 5k, 10k, 15k, 20k, and 25k
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Shortest Path - Single Inspection
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27 SMART Runs

Inspection and repair costs
can be variable thru time

Possible inspection times [10000,15000,20000,25000]

SS Inspection 1 [ $0.3 $0.3 $0.3 $0.3]
SS Inspection 2 [ $0.8 $0.8 $0.8 $0.8]
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User defined inspections at: 10k, 15k, 20k, and 25k
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Insp 2 (15k)
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Shortest path with branch skipping
algorithm -
User defined inspections




Branches skipping algorithm
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POF

Inspection Combination Matrix
One Inspection Type

Schedule times (103 flight hours)
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Inspection Combination matrix
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Two inspection types = “Insp. type 1, insp. type 2 or no insp.” —> Base 3 numbers




Reject and Skip Branches Evaluation

One Inseection Txee
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Reject and Skip Branches
Two Inspections Type

Schedule times (103 flight hours)
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Skipping Algorithm Validation
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Skipping Algorithm Validation
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Use Main Branch Approximation
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Example




Input Data (I)

Crack Growth Residual Strength

10 600

g % 500

< < 400
o 6 &

5 £ 300
S 4 el

5 § 200

E < 100

0 0

0 10000 20000 30000 40000 0 10000 20000 30000 40000
Flights Flights

25




Input Data (II)

Variable Dist. Type mean St. Dev. Notes
Initial Crack Size Lognormal 0.00248 in 0.00129 Reamed Fastener Hole
Repair Crack Size Lognormal 0.00248 in 0.00129 |Assuming Repair is Replacement of Part
Fracture Toughness Normal 26.0 ksi 2.0 7050-T651 Plate
EVD Gumbel 14.5 ksi 0.8
Inspections Inspection Material Sl Dist. Type M.e an | St. .Dev. Source Cost
Type Type [in] [in]
Automated Aeronautical
POD1 |bolt hole eddy| Aluminum T Lognormal | 0.0179 | 0.0108 | Applications of Non- | 5x
current destructive
POD 2 Ec.:Id.y current Aluminum | Overall | Lognormal | 0.0788 | 0.0302 | NDE Capabilities Book | 1x
sliding probe




Results
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Bonus

Cross-Entropy Based Adaptive Importance
Sampling for Probabilistic Damage Tolerance
Analysis

AARS 2020



Adaptive Cross Entropy
Method

* Goal: minimize the Kullback-Leibler Cross Entropy
+ D(g,h) = Ep |~In (Z55)| = [n(F*@0) £ @0 dx = [ In(h(X; 0)) £*(X) dx

* f*(X) is the estimated optimal sampling density

* h(X;0) is a PDF with parameter vector 6

* First integral involves only f*(X), so evaluates to a constant

* Maximizing the second integral yields the optimal parameter vector 8*

* Optimization problem
 —1In(-) is convex, so ideal for optimization

¢« 0 = arggnax [% N () ln(h(xi; 9))] = solve %Z{Vf*(x,) Vg ln(h(xi; 9)) =0

* Closed form solutions for many distributions, especially Natural Exponential
Family

YN () x § SN £ o) (i~ )2
YL ) ! PP AC)

* For multivariate normal distribution: 8* = {ﬁ, 2} i =

* Converges after a finite number of iterations



D=0.156

Example Problem

17 -

Betas from AFGROW
0.0 0.5 1.0 1.5 2.0 2.5
aj

Geometry Deterministic(5 wide x 0.125 thick) in
Initial Crack Size Weibull(a=0.45, B=4.17e-5) in
Fracture Toughness Normal(p=35.0, 0=3.5) ksi Vin
log(Paris C) Normal(p=-9.0, 0=0.08)
Paris n 3.8
Maximum Load Frechet(pu=13.4, 0=1.29, £=0.07) ksi

30



Results

HyperGrow-SMART = 0.2hrs in 200 cores
Nasgro-SMART = 277 hrs in 200 cores
Imp. Samp. HyperGrow-SMART = 3 sec
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Future Work

* Finish the Shortest Path Method (SPM)
Implementation in SMART.

* Implement OpenMP and MPI to the SPM.

* Continue looking for alternatives to speed up the
calculations (Still very slow).
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Skip Evaluation for Feasible Branches

Two InsEection TXEe
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