Unclassified

Validation of Engineering Applicationsat LANL"

ThomasA. Butler O Crimparan . Eupaimertat o Undu, and Lot
Scott W. Doebling

FrancoisM. Hemez

John F. Schultze

Hoon Sohn t

Engineering Analysis Group
L os Alamos National Laboratory
L os Alamos, New M exico, U.S.A.

Frobabiliy Feabores ars Legs som ol ¥

=iy
sz |

T i

L os Alamos National Laboratory Rl
Uncertainty Quantification Working wroup
November 2" 2000 M eeting

) Presentation material extracted from a publication entitled “Inversion of Structural Dynamics Simulations; State-of-the-
art and Directions of the Research” and presented at the 25" International Conference on Noise and Vibration
Engineering, L euven, Belgium. Approved for unlimited, public release on September 5, 2000 — L A-UR-00-2562.

Engineering Analys Som—-— L OS Al amOS
Engineering Sciences & Applications Division NATIONAL LABORATORY

Unclassified



Unclassified

OUTLINE

‘ - Notation & Definition
- Motivation
- Impact Experiment (Development of the M ethodology)
- Forward Mount Impulse Experiment (ASCI Demonstration)

- Unresolved Issues & Challenges

Engineering Analys Som—-— L OS Al amOS
Engineering Sciences & Applications Division NATIONAL LABORATORY

Unclassified



Unclassified

DEFINITION

- Test = Physical Experiment

- Model = Numerical Experiment

- Meta-model = Fast-running, Statistical M odel

- Feature = Quantity Synthesized From the Experiment’s Output

- Test-analysis Correation = Definition of a Residue or “ Distance”
+ Cost Function = Resdue Expressed in a Particular Metric

... Should We Define a Common Set of Notations & Definitions?
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TEST
(DEFINITION 1 OF 4)

Input & Control

Parameters
(Measured) Output
Test (Measured)
P . (Physical Experiment) I
Z(t)
Fea£res
y =1(z,1)
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MODEL
(DEFINITION 2 OF 4)

Input Parameters ‘Model Output
(Fixed to a Value) (Numerical Experiment) (Pr edicted)

p —»| zZ)=M({pt) |—> 21

Features

y=1z1
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META-MODEL
(DEFINITION 3 OF 4)

Input Parameters Model o Output
(Fixed to a Value) : (Full physics, Expensive) : (Pr edicted)

M eta-M odél
(Fast-running Model) Features
—>| y=M™(p)+e » y=1(z,1)
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TEST-ANALYSISCORRELATION
(DEFINITION 3 OF 4)

- Definition of a Residue or “Distance’:

Test or Test Analysis Analysis or
Physcal |—p Features Features €— Numerical
Experiment y' v(p) Experiment

; '

Test-analysis Comparison

R(P) =y™ - y(p)
- Definition of a Metric or “Norm”:

W= &AREYISw | ROMES,) b

J =1 Ndata
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DEFINITIONSNEEDED?
- How Is Uncertainty Quantification Defined?
- What Congtitutes a Validated Numerical Model?

- Doesit Mean That it Adequately Capturesthe Physics
and the Sources of Variability/Uncertainty?

- Do We Agree on the Difference Between Validation
and Verification?
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WHAT ISUNCERTAINTY QUANTIFICATION?

What isUncertain?
What Varies?
How?

ANANEN

Characterization of Sources & Scenarios

Sampling Techniques;
Fast Probability Integration.

<]

Forward Propagation

Sengitivity Study;
Correlation Study.

<]

Statistical Effects Analysis

Joint Probability Density Functions;
Higher-order Statistical Moments.

<]

Characterization of the Output

Optimization v’ Statistical Parameter Estimation;
v' Model Improvement.
Characterization of “Rare’ Events v Reliability;
v' Tails of the Statistical Distributions.
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OUTLINE

- Notation & Definition
‘ - Motivation
- Impact Experiment (Development of the M ethodology)
- Forward Mount Impulse Experiment (ASCI Demonstration)
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ASCI — ENGINEERING APPLICATIONS

-+ Two Main Objectives: T ,, WH
v Model and Predict Engineering e W e
Weapon System Performance - = 7

in Normal and Hostile WE
Stockpile-to-target Sequence -
(STS) Environments. =
v Predict the Deformed State ;
(Geometric, Structural, -
Thermal, Material Damage) of
the Warhead at Detonation.!” =

®) Characterization of the Deformed State at Detonation isthe
“Initial & Boundary Condition” for the Physics Designers.
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ASCI — ENGINEERING APPLICATIONS

.15 Milli-seconds of Weapon Input
Response Time After Impact Space Variable 3

- 30,000 Elements;
~ 1.5 Million DOFs;
100 Contact Pairs;
10 Hour ySimulation

Variablel

. (25)°= 15,625 Simulations ® ®

- 31 x 128 = 3,968 Processor s

- 6,000 Abaqus/Explicit Licenses Variable 2

- 17.8 Years of Equivalent Single-processor Computing in Just 72 Hours!
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WHERE DO WE GO FROM THERE?

- Current Achievements...
v Complex Engineering Applications Can be
Numerically Smulated.
B ASCI Software/Hardware Platforms.
v Stochastic I nputs Can be Propagated Through
Forward Computations.
b Fast Probability I ntegration.
- Next ...
v' Can Wedo it More Efficiently?

v' Can We Assess the Predictive Quality of Our Models?
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PREDICTABILITY OF NUMERICAL MODELS

Test-Analyeis Comparison

. Candid Approach: % et
025" | — Test#1
“My Model isValid 02
Because it Reproduces
My Test Data With
Adequate Accuracy...”

0t

[
[}
)

Straln =l Sansor 1 (%)

v “How Good is Good

Enough?” 005
v" No Probabilistic al
Confidence. '

v Inappropriate For
Analyzing Statistically
Accurate Models.

=
e

035 04 D45 05
Time {milli-second)
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PARADIGM FOR MODEL VALIDATION

Model’'s

Confidence L evel
- Arethe Physical Experiments 100%A

and Numerical Smulations
Statistically Consistent? 90%

_ 80%
- What isthe Degree of

] . Resource
Confidence Associated 0% Allocated

With the First Answer? >
$10K $100K $1,000K

- |f Additional Data Sets Are Available, by How Much Doesthe
Confidence I ncrease?
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STEPS OF UNCERTAINTY QUANTIFICATION

PDF

Input 1 Feed back
PDF

Parametrlc Statistical M eta-models
'”p“t 3 Optlmlzatlon
I nput
Uncertainty
Statlstlcal Phys cs-based Propagation
Sampling Analysis Code (FPI, —
(Explicit FEA) R? Analysis)

Statistical
TFeed-back

Assessment of
Output Features
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- Forward Mount Impulse Experiment (ASCI Demonstration)
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OVERVIEW OF MODEL VALIDATION (ESA-EA)

Testing of the Full-scale,
Integrated System

Sub-component Testing
(Validation of a Hyper-€elastic
Model For Low-level Impact)

Phenomenological Testing
(Validation of a Friction M odel
For Nonlinear Vibrations)
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LANL IMPACT EXPERIMENT

Hypexioam Slrees-Sliain Curve

a0

| - Tes! Data
& Optimized Mede| |
35_

Euk
[=]
T

B
(4]
T

Strain (psl)
L )
[=]

Tightening Bolt 18-
Steel Impactor 10

o Hyper-foam Pad

Carriage . -
(Impact Table) Ll

A/
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EXPERIMENTAL VARIABILITY
(LANL Impact Test)

Companson of Impact Test Dala - Tesis 108 27
I < a2 ; il . 2

" [=== Input1 | )
f‘l{ll’_‘lﬂ- : guu{x:; o Cummﬂ_ndi}ru.p Te_.'st DEILE—T.E'SIE. 0a-17 ]
: | — Qulput 3 | | — Tesi08 |
5 ] — Test (8
] 1600 = Tanl 10
_g — Tasl 11
— Tesal 12
2 3 4 5 & 7 & g 10 = —
Time (milli-secnd) g T is
£ — Test 17
y ; o = 1800
nmm -~ Input 1 g
o —_— 1 =
£ 1000~ — gﬂ:ﬁ 2 £1450
e | — Output3 | ®
= 200
s 1400
0 — i O
2 3 4 5 & 7 & @8 1 L | I
Tima {milli-second) Time (mitli-secand)
Number of Data Sets Low Velocity Impact | High Velocity | mpact
Collected (13in./0.3m Drop) | (155in./4.0 m Drop)
Thin Layer (0.25in./6.3 mm) 10 Tests 5Tests
Thick Layer (0.50in/12.6 mm) 10 Tests 5 Tests
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VARIABILITY OF THE NUMERICAL EXPERIMENTS
(LANL Impact Test)

Anglesof Impact (2) ~
Bolt Pre-load (1)

Material (2) > 8
Input Scaling (1) Variables
Friction (1)

Bulk Viscosity (1)

Vatiabillly Cbsenved in Compuler Expersiment QA_2T Varabdity Obeerved In Compuler Experiment FF_BW2L

3000 - 1
g5001 [ Ciutput 1 | [ | Cubpul 1 |
Chufpul 2| Chatput 2
Cutput 3 | 2500
E2|:||3|::- I ¥ _
[l 2
= ,,?Zﬂm-
Z 1500 ki i
G g 1500
£71000 & ool
= 5
c =]
< <
500 | 500
O} o
3 : =
Tirme (milll-aecond) Tirme (milll-aecond)
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DESIGN OF COMPUTER EXPERIMENTS
(LANL Impact Test)

Equal Probability

< > |ntervals
< > < >
L ower I Upper
Bound | Bound
Variable Interval 1 Interval 2 Interval 3

1 (0.0; 0.167; 0.333) | ¥(0.333; 0.5; 0.667) (0.667; 0.883; 1.0)
2 (0.0; 0.167; 0.333) | (0.333; 0.5; 0.667) (0.667; 0.883; 1.0)
3 (0.0; 83.3; 167.0) | (167.0; 250.0; 333.3) | (333.3; 416.7; 500.0)
4 (0.8; 0.867; 0.933) | (0.933; 1.0; 1.067) (1.067; 1.133; 1.2)
5 (0.8; 0.833; 0.867) | (0.867; 0.9; 0.933) (0.933; 0.967; 1.0)
6 (0.9; 0.933; 0.967) (0.967; 1.0; 1.03) (1.03; 1.07; 1.1)
7 (0.0; 0.167; 0.333) | (0.333; 0.5; 0.667) (0.667; 0.883; 1.0)
8 (0.0; 0.167; 0.333) | (0.333; 0.5; 0.667) (0.667; 0.883; 1.0)
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LOCAL SENSITIVITY STUDY
(LANL Impact Test)

Sanssnity & Momanal Walons
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STATISTICAL EFFECTSANALYSIS
(LANL Impact Test)

. : o Q | ) )2
Which Variables or Combinations a a (YE) y“)
of Variables Best Explain the Total R2=1- [T Nea =Ny, .
Variability? aly,-y

j:]_...Ndata
50 : Drnp Tesl Daia DT'S!gn of Experimeant FF_8W2L P2
Bl Fezk Acceleration 1 |
% 40| . .
sl 20/
b= 2 3 4 5 6 7 8 L A ¢
100, : : : - :
| M Peak Acceleration 2 | o—©0 9
14
oL | — *—o .
6 7 8 P,
|- F‘E:ak Mcelamtimi a | | . . . »
g zn | R%*Analysis With Design of
. . Experiments FF_8V2L
—— : (Peak Accelerations 1-3)

Inpu! Pﬁrameter
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STATISTICAL EFFECTSANALYSIS
(LANL Impact Test)

Drop Test Data FF_8V2L - Peak Acceleration 2 o o ( 0 _(|))2
a a yj -y
R2 :1_ I=:I-""\lle«lel jzl"Ngzs\ta

A ly,- vf
av-y
100 jzl"'Ndata
80
_Eé" &60.

-

R? Analysis With Design of
Experiments FF_8V2L
(Peak Acceleration 2)
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FAST RUNNING MODELS
(LANL Impact Test)

Quadratic Model Inferred From an Most Probable Acceleration
Orthogonal Array of 81 Computer Runs Measured During the Drop Tests
i-1,538.201 | J 1ij
. i " 2500
: 43.6:. : a, :
T 28841 1 a,l @ 2000 SREEY
i o i« ST
T 2'4[ T Poot T -% 1500 - ;‘:‘a‘::&
I 25528 1 sl : =
| | | 1000
e 1 - 3913 | ajj
=1 | T
i 307_]1Y ; ag?’ & 500
I-00008 I P! 0
| I | T
| 6657| | a.l* 8.2 | ol 5.-"‘---,,_5_ > __d_,:.---'"'---ﬁ'l
i .05 Ta*p. i W T T
i P72 bolt i 00 o 04
i -4524 1 a,*s|j Bolt Preload (psi) 0 o Ang?éznf Impact 2 (degree)
t 1% tPu*sip

Engineering Analys Som—-— L OS Al amOS
Engineering Sciences & Applications Division NATIONAL LABORATORY

Unclassified



Unclassified

Effect | -95% | +95% | F-test
Kept | Bound | Bound | Value
1 |-1597.6|-1,478.8| 0.01%
! 11.1| 76.1| 0.43%
9 208.5| 368.3| 0.01%
Fhoit 2.3 2.6| 0.01%
® 2,351.0| 2,754.6| 0.01%
a2 -436.5| -346.1| 0.01%
a5 -352.3| -261.9| 0.01%
R, | -0.0008| -0.0004 | 0.01%
88 629.5| 701.9| 0.01%
85" Pholt -0.6 -0.4| 0.01%
a's | -633.4| -271.5| 0.01%
Phait S 1.1 1.9| 0.01%

SAMPLING OF STATISTICAL META-MODELS

(LANL Impact Test)

Sampling of the Statistical Meta-maocdal

Peak Acceleration 2 (g)

06

04
=" 02 Angle L}En:degreej

Bolt Prafoad (psi y
{psi) 00

Engineering Analys Som—-— L OS Al amOS
Engineering Sciences & Applications Division

NATIONAL LABORATORY

Unclassified



Unclassified

OPTIMIZATION OF INPUT PARAMETERS
(LANL Impact Test)

Variable Correction Distribution for Peak G and TOA2

1.2 . ".. . : , . . | | |
- Parameter 1® ..,0.‘.3
Optimizations Are ¥
Performed Using 08 €
Different Features s |
And Each Test Data g |
Set Independently. R o4l
S Pholt .
: .
§ 0.2 r \ .
- Thelnput ° E p——
Parameter’s 5 A 5 :
Variability is o2t | 5 ¢ 1\
Assessed From e F| | | | .’ | |
These M ultiple %6 05 04 03 02 01 0 01 o0z 03

Coded Peak G Level Correction

Optimizations.
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PREDICTED VS. OBSERVED VARIABILITY

Analytical Versus Experimental for Updated Models of Drop Test, TOAL1 Update
1800

. A Distribution of oo L |2 A
| nput Parameters
is Obtained Via 1400 r Analytical
Multiple Optimizations 120 r
of the Statistical o 1000 |
M eta-models. S
g 800
§ 600 [
- The Physics-based 400 |
Smulation Combined ., |
With Optimized I nput
ParametersReproduces [
the Experimental 200 - . ) ; . p 5 5
Variability. Time, ms
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PREDICTED VS. OBSERVED VARIABILITY

- Multiple Simulations
Are Analyzed by
Sampling the
Distributions of Input
Par ameters.

- The Mean Response
is Captured With
Acceptable Accuracy.

- Large Discrepancies
Observed in Terms
of Variance.

(LANL Impact Test)

2000
1800 -
X = . After
+ HS- 'Cll'nlﬂ& aramelers . Opt|m|zat|0n
&0k o Fg-Vary Angle & Preload, Clor2
o
Lo |
ERE 3
=
Fz:
=
E 1204k
1000 Iy
ﬁ,f_é*/
ot .
| i}}f’ ¥ Prior to
so0t Optimization
S [RE, 1B RED

Peak Channel 1 (g)
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COMPARISON OF MULTIVARIATE DISTRIBUTIONS
(LANL Impact Test)

Pearson’s
Cor r d atl On RaIl O COF Camgarison - Expenimental, Mo Uptate, and Updated
Multivariate _
Chi* Analysis 1 o (T
ji LT Jros:
K olmogor ov- .
Smirnov Test £
M ahalanobis g Il |
Distance 2o |
: il

: 0l iy
Kullback-L eibler S e S
Relative Entropy S -

Feak Channel 1 (g)

... Others?
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MAHALANOBISDISTANCE
(LANL Impact Test)

Mahatanobs Dstance With th=350;19=i
The Cost Function
Becomes a Statistics.

60

8

- TheVector of Mode
Featuresisan
Estimate of the M ean
Vector of Test Features N
to the (100-u)% 45
Confidence Levd if:

Uncenamty Lavel (%)

i, |

-~ _p§

Impact Angli B, idad) 3 - H:|

Impact Angle o, {deg)

otest T |ctest [ 1 (test _ Ny(Ns' l)
F=-yo Js=]'G=- yo )e ) e O
(Normal Distribution Assumed.)
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KULLBACK-LEIBLER RELATIVE ENTROPY
(LANL Impact Test)

4 Disorirmnanl Babwsen Expernment and Simulations
107 — : :

R
 Expected Value of Jome:
Ratio Between PDF's; gm‘
:
£
> ad(y(p) U “10
Xp) = Edoges 220 5 :
g W am :
CALE
- |f PDF'sAre o'l 1._ é :_] .1
Normally Distributed: Numerical Simulation
3 _1(—te~::t — )T[Stes‘t]'l(—teﬂ — )_I_léail. ([S ][Ste;t]'l) | adet|S 9 N9
(p)_Ey -YP) 1S, ] V- Yp) 58 race\ls,, J[o,, ] /- 109 deilg= 5 v+
w 1@ [1)]

Engineering Analys Som—-— L OS Al amOS
Engineering Sciences & Applications Division

Unclassified

NATIONAL LABORATORY



Unclassified

MODEL VALIDATION
(LANL Impact Test)

The Optimized Model e
“Replicates’ the Test Data ... 2 o
.. Isthe Model Validated? I
=
Comparizon of Acceloralion Sgnals i
1600, - T T i A 1 F] 45 5 z3 B
| | = Test Data (Mean) Torese e < T
1400 | — Optimized Madsl (#150)
- Ciriginal Model {#1)
1200,
a1!]!’.“']:
‘é B0
§ o Validation is Achieved
400, When the Numerical M odel
s Predicts the Response of a
i Different Configuration.

Time (sec.) #1072
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OUTLINE

- Notation & Definition

- Motivation

- Impact Experiment (Development of the M ethodology)
‘ - Forward Mount Impulse Experiment (ASCI Demonstration)

- Unresolved Issues & Challenges
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FORWARD MOUNT SYSTEM TESTS

. Components:

v Lower Case.

v Forward Mount.
v" Electronics.

v Retaining Nut.
v Upper Case.

v Mass Simulators.

L os Alamos

NATIONAL LABORATORY

Engineering Analysi
Engineering Sciences & Applications Division

Unclassified




Unclassified

ASSEMBLY OF THE FORWARD MOUNT SYSTEM

M ass Aluminum
Simulator Outside Shell
3-Point o
Titanium

Joint
M ount

Explosive

Tightenin
Cover J J

Nut

Payload Contact Surfaces

_ (Threaded Joint)
Aluminum

|nside Shdll
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FORWARD MOUNT SYSTEM TESTS
(Low Level I mpulse Tests)

. Useful Model Validation Requires Carefully Planned Experiments:
v Wdl-defined Input.

v’ Sufficient I nstrumentation For
Measuring Appropriate Response
Quantities.

v Test Matrix That Appropriatey
Varies Key Parameters.

v Data Resolution Capable of
Capturing all Frequency Content
of Interest.

Engineering Analys Se—— L OS AI amos
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FORWARD MOUNT SYSTEM TESTS

(I nstrumentation)

. 33 Strain Gageson Inside
of Titanium M ount.

. 6 Accderometerson Mass
Smulators.

Fiber Optic Displacement
M easur ement.

High Speed Photography.

. Sampling Rate = 50 x 10”
seconds.
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TEST DATA

(Forward Mount Low Level I mpulse)

Farward Moun Tesl Data — Teat 2

Strain 1 (98)

Time {millE-sacond)

SRS Using Measured Accelemation (Explosive Test 1)

Aocearaton 1 (g

Timne {mill-sacand)

Peak Accaleration (g)

Shock Response Spectrum r
(Acceleration 1, No Damping) ' [— Sermor 6 (Test 1)

o 0 20 a0 40 7
Fragquency (KHarlz)
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EXPERIMENTAL VARIABILITY

(Forward Mount Low Level | mpulse)

Comparison of Forward Mount Test Data - Tests 1 & 2

0.25, ; ; ;
| — Test 1 (Tight Assembly)
02 s | === Tesl 3 (Loose Assembly)
0.15- || 1
g oa i
o |
= 0.05- |
odd
=0.06¢
b4 0.15 0.2 0.25 03 0.35 0.4
Time (milli-second)
Test Matrix L oose Assembly | Tight Assembly
L oose M anufacturing Tolerances Test 3 Tests1-2
Tight Manufacturing Tolerances -- Test 4
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EXPLICIT FINITE ELEMENT MODELING
(W76/Mk4)

Main Features:

v

v

v

Coupled Thermal-Structure
ParaDyn (Parallel Explicit Dyna3D)

1.4 Million Elements

Acceleration (g)
Accelaration (g)

480 Contact Surfaces ol

n b 4 L ' a | 4 &

Over 6 Million DOF’s Time {milli-second) Timme {mill-second)

— Quiput 4 ||

— Cuipuk 3

Stable Time Step = 25 Nano-second

Platform: ASCI/BlueM ountain

Accelaration (g)

504-750 Pr ocessor s

1.3 Hour CPU/Milli-second of Response
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FEATURESFOR NONLINEAR DYNAMICS

K ar hunen-L oeve Decomposition A
Analyss
Principal Component Analysis Techniques
Specificto
. AR, ARX & ARMA Models Linear Systems
v

. Control Charts
. Shock Response Spectrum
. Spectral Density Function

. Joint Probability Density Function of the Output
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PATTERN RECOGNITION

Covariance of the
Data {y(t)} Data Set e
cl=Iy TV ) Age Mo~ Fit
CIENOIYOL | ] 509= a8, 70 b+t
‘ k=1:--N ag
Principal Component ‘
Analysis Output:
TR NI T c]= _1 5 { j}{Fj}T ta} 1{e(t)}
) yl= [Y(t)]{':l} ARX Model Fit
PDF of Prediction Error {(t)} JO = b, yt- K
k=1%--NaRrx
+  dcet- K+ &)
Output AR Model & k=1:--Narx
{e(t)} ARX Modé Fits

mu.il

Output:

Data Set

{o} + {c} {em}
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TEST-ANALYSISCORRELATION

(Forward Mount Low Level I mpulse)

Test-Analysis

+ Covariance of the Prediction Error {&(t)}

ARX 1| ARX 2
Data 1 Sfl sz L 20
Data 2 2 2
Sy 'Szz
AR Modd Fit
~ (o] ~
yoO = a a ¥(t- K +et) T
k=1--Nar ©20
+ ARX Model Fit .
YO = &b, ¥(t- K) +cet- k) +8(1) 1 .
k=1 N ary Run32 2 Test?
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LIST OF INPUT PARAMETERS

(Forward Mount Low Level I mpulse)

Variable Physical Influence | Lower | Upper | Statistical
Number Description Guessed? | Bound | Bound | Distribution
1 Tape Pre-load Medium 100.0N | 4,000.0 N Uniform
2 Nut Pre-load High 250.0 N | 4,000.0 N Uniform
3 Upper Shell Pre-load High 250.0N | 2,000.0N Uniform
4 Static Friction, Al/Al Medium 0.80 4.00 Uniform
5 Static Friction, Ti/Ti Low 0.20 2.40 Uniform
6 Static Friction, Al/Ti High 0.50 3.00 Uniform
7 Static Friction, SS/Ti Medium 0.20 2.40 Uniform
8 Kinetic Friction, Al/Al Medium 0.80 4.00 Uniform
o] Kinetic Friction, Ti/Ti L ow 0.10 1.80 Uniform
10 Kinetic Friction, Al/Ti High 0.10 3.00 Uniform
11 Kinetic Friction, SS/Ti Medium 0.10 1.80 Uniform
12 I nput Signal Scaling Unknown 1.0 1.2 Uniform
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TAGUCHI ORTHOGONAL ARRAY — OA_32

(Forward Mount Low Level | mpulse)

Run | 1 2 3 4 5 6 7 8 9 10 [ 11

1 20 | 10 [ 10 [ 08 [ 02 | 05 | 02| 08 [ 01 | 01 [ o1

2 [ 220 10 [ 10 [ 08 | 02 | 30 [ 02 | 08 [ 1.8 [ 30 | 01

3 15 | 220 | 10 [ 08 [ 02 [ 30 | 24 | 08 | 01 | 01 [ 18

] 4 | 220 [ 220 ] 10 [ 08 | 02 | o5 [ 24 [ 08 | 1.8 [ 30 | 18

The M atrix of 5 | 20 | 15 | 120 | 08 | 02 | 30 | 24 | 40 | 18 [ 01 | 01
. . 6 [ 220 10 [ 115 [ 08 | 02 | 05 [ 24 | 40 [ 01 [ 30 | 01
Exper Imentsis 7 15 | 215 | 125 | 0.8 02 | 05 02 | 40 1.8 | 01 1.8
8 [ 220 [ 215 [ 125 [ 08 | 02 | 30 [ 02 | 40 [ 01 [ 30 | 18

Full Rank. 9 20 | 10 | 10 | 40 | 02 [ 05 [ 24 | 40 | 1.8 | 30 | 18
10 [ 220 ] 10 [ 10 [ 40 | 02 | 30 | 24 | 40 [ 01 | 01 [ 18

11 | 15 [ 220 [ 10 [ 40 | 02 [ 30 | 02 | 40 | 1.8 | 30 [ 01

12 [ 220 [ 220 [ 10 [ 40 | 02 | 05 | 02 | 40 [ 01 | 01 [ o1

13 | 20 | 15 [ 120 [ 40 | 02 [ 30 | 02 | 08 | 01 | 30 [ 18

. . 14 [ 220 | 10 [ 115 [ 40 | 02 | o5 | 02 | 08 | 1.8 | 01 [ 18
Main (I— | near) 15 | 15 [ 215 [ 125 [ 40 | 02 [ 05 | 24 | 08 | 01 | 30 [ 01
16 | 220 | 215 [ 125 [ 40 | 02 | 30 | 24 | 08 | 1.8 | 01 [ o1

Effects of the 17 | 20 | 10 [ 10 [ 08 | 24 [ 05 | 02 | 40 [ 01 | 30 [ 18
18 [ 220 | 10 | 10 [ 08 | 24 | 30 | 02 | 40 | 18 | 01 [ 18

| npUt OUtpUt 19 [ 15 [ 220 [ 10 [ 08 | 24 [ 30 | 24 | 40 [ 01 | 30 [ 01
20 | 220 [ 220 | 10 [ 08 | 24 | o5 [ 24 | 40 [ 18 [ 01 | 01

Model AreK ept 20 | 20 [ 15 [ 120 [ 08 | 24 | 30 | 24 | 08 [ 18 [ 30 | 18
Uncorr upted 22 | 220 10 | 115 [ 08 | 24 | 05 [ 24 | 08 [ 01 [ 01 | 18
23 | 15 [ 215 | 125 [ 08 | 24 | 05 | 02 | 08 | 18 [ 30 | 01

From Second 24 | 220 | 215 [ 125 [ 08 | 24 | 30 | 02 [ 08 [ 01 | 01 | 01

25 20 10 10 4.0 2.4 0.5 2.4 0.8 18 0.1 0.1

Order Effects 26 | 220 | 10 | 10 | 40 | 24 | 30 | 24 | 08 | 01 | 30 | o1

.. 27 15 | 220 | 10 | 40 | 24 | 30 [ 02 | 08 | 1.8 | 01 | 18
(NO Alias ng) 28 | 220 | 220 | 10 | 40 [ 24 | o5 | 02 | 08 | 01 | 30 | 18
29 20 | 15 | 120 | 40 | 24 | 30 | 02 | 40 | 01 | 01 | 01
30 | 220 | 120 | 115 | 40 | 24 | 05 | 02 | 40 | 1.8 | 30 | 01
31 15 | 215 | 125 | 40 | 24 | 05 | 24 | 40 | 01 | 01 | 18
32 | 220 | 215 | 125 | 40 | 24 | 30 | 24 | 40 | 1.8 | 3.

0o | 18
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INPUT-OUTPUT MAIN EFFECTSANALYSIS

(Forward Mount Low Level I mpulse)

Results of the
Main Effects
Analysis Match
the Analyst’s

I ntuition Perfectly.

nsitivity
I
=
::l'

/ﬁﬂ
: £

- The Feature
Extraction Process
Does Not Interfere
With the Statistical
Effects Analysis.
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OUTLINE

- Notation & Definition

- Motivation

- Impact Experiment (Development of the M ethodology)

- Forward Mount Impulse Experiment (ASCI Demonstration)

‘ - Unresolved Issues & Challenges
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SPECIFIC QUESTIONS& ISSUES (1/2)

- How Can We Compar e Data Sets?

v' Are There Features of Choice Adopted by Statigticians or Others?

- Are There Techniques Available For Hypothesis Testing of
Multivariate Distributions?

- Can We Samplethe Input Parameter Space Most Efficiently?
- We Need to Understand Better Techniques For Designing Experiments.
v How to Fold-over a Design of Experiment?

v How to Make Use of Runs Already Completed?
v How to Add One Variable to an On-going Analysis?
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SPECIFIC QUESTIONS& ISSUES (2/2)

- 1sOur Approach For Trandating Variability Observed on the
Output in Terms of Statistical Distributions on the Input Correct?

- Are There Techniques Available For Optimizing the Variance
of a Distribution?

- Are There Techniques Available For Replacing the Predictions
of a Statistical Meta-model by Ensemble Aver ages?

v How Can a Meta-modd be Sampled?

- We Need to Under stand Better the Differ ences Between
Theories Available For Modeling Uncertainty.
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CONCLUSION

. The Need For Mode Validation and Uncertainty Quantification
is Rapidly Growing and Expanding.

Dealing With Nonlinear Systems and Uncertainty is Going to
Be Very Expensve, NO MATTER WHAT YOU DO.

Experience May Be Gained From Learning What is Being
Achieved in Other Scientific Communities.
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