Knowledge Gathering

Technology Readiness Levels

I I I I I
The Same Linkage Used

To Flow Down Requirements
> Is Used to Roll Up Knowledge
And Track Progress as

Detail or “x” Readiness Levels Designer Knowledge is
| | | Gathered.
Exit Criteria
| J
Worksheet
— Use of Prior Knowledge B

—— Recommended Analyses
Integrated Product Team Chooses

How To
_ Recommended Combination of Meet Each Exit Criteria
Prior Knowledge / Analysis /Test _

—— Recommended Tests >
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A

Conformance Assessment
Data from Knowledge, Analysis, and Test
— Design Values with Uncertainty

*Existing Data with replicates => can estimate design values (quantities and
confidence bands)

*RDCS allows simulation of physical data with sources of randomness including
batch effects (aleatory or random uncertainty) => can simulate design values.
Combined data: design values with uncertainty bands

P Bayesian
/ uncertainty band on

analysis based
properties
Property estimate = quantile with /
confidence band. This is the Aleatory and
“aleatory”/measured content Bayesian are kept
separate
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IPT Reviews

Application /
Design

Certification

Structures /
Durability

Fabrication /

Quality

Materials &
Processes

Supportahility

Survivahility

Cost/ Schedule

Intellectual
Property

@ﬂﬂf]ﬂaw

2 3 4 ] ] 7 ] 9 10
Material and | Key I.:eatures Key Features Praliminary Critical Design / Flight Test Production | Operatioinal Technullug}r
Process Design and Test/ . Ground Test . . . Insertion
. - Design . Readiness Readiness Readiness .
Readiness Fabrication | Conformance Readiness Readiness

Conformance

Knowledge
Generation

Conformance
Planning
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AIM Has Assembled a Web-Based System
to Help the IPT Apply the Process

; http://pls018586.mw.nos.boeing.com:8080,/AIM-C/¥_1.0.0_Development/aim.jsp - Microsoft Internet Explorer: = | = Iil
File Edit ‘iew Favorites Tools Help |-
Sgack - = - @ it | Qsearch GFavorites fimedia ¢4 | B~ S = H] L2

fddress I@ http: ffpls018586.mw, nos . bosing, com: 8080/AIM-CfY_1.0.0_Development|aim. jsp j [PGD | Links

User Name : a
Group : Demo
Project : hubba

Producibility &

Technology Readiness Processing

TS Pon S ,‘l _-; i
RELUANS e
st %2! # Lamina

- i, foalls

—r i ,";c":l‘::*’

RESIN 1,‘.;;’.".(1-}}7';2.{‘:;. b

Fiber
Resin

\Alpha Version 10-27-03

|g'| Dione l_ l_ l_ Local intranet
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AIM-C Helps Monitor Conformance to Requirements
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F 4
. i & # 1R

paavef L Hl

TR T o — e

As Designed Shape

Evaluate ;

Results P S * Compensated
Adjust Mesh for Mandrel
Compensations Evaluate \ Shape

Results

Compensation Dimensions

AIM-C Helps ldentify Analysis Tools to Guide Fabrication
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—| buck.db — default_viewport — ALL — Entity - [

Fed Back to FEM
For Verify Satisfaction Q Ib/in (Comp 80 Ib/in (Comp
Of Requirements

From Full FEM
to Segments

DAL AN
. D D?[E:i 0G:39:19
0d(
H’lkm S . o . :: ". BE—.DSSME_.D'f‘al4E—'D8357E_.09399E—m%1285
. 9 l Segments to
Details to - % Elements
Effects of :._...:
Defects ool
Elements t0 | |, s
Detalils
AIM-C Helps Plan the Maturation Process
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DARPA

£ How Does AIM-C Assess Strength?

Detailed 3D FEA of complex structures

combined with simple strain-based failure criterion

Design parameters

3-D Finite element
analysis

Failure Criteria

Prediction

(SIFT)

Ply orientations

Material

Complex geometry

l

l

l

~

= O O O
% : X
. SNSRI ©00
\_ Global Local I\/Iicro-mechanic/
3 Strain invariants
i dilatational distortional

Prediction of failure
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f’ How Does AIM-C Assess Durability?

Continuing Cure
(CMT)

Time-Temp - Moisture
Superposition

. Stanford
Strain ( )

Capability

Micro-
Post-Cure Cracking &
| Chemical Moisture
Time- Kinetics (MIT)
Temperature (Boeing)
Data
(NASA-
Langley)

Log Time at Load

This Module Predicts the Effects of Four Competing Failure Modes -
Time, Temperature, Environment and Chemical Degradation
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The AIM-C System Uses These Tools to

~ Produce a DKB That Meets Certification Requirements

Materials

A

/_
ﬂ /< N _TRL
) XRL I'4

/ Worksheets

\ Designer Knowledge Design
L] Base

Producibility
Interface \
Strength N
Durability
_ - Previous Kndwledge
(Heuristics, Lessons Learned)
Recommended
Tests v
RDCS :
Materllals Procefs Structulres ~ Analytical
Module Module Module T/ fie
Produc. | | Durability
| Module Module || m
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Robust Design Computational System

Wide Variety of Error Propagation and Uncertainty Analysis Tools

A Domain Independent Comprehensive Tool Set to Analyze the Design Space

Interface to
External
Design

Processes

Min Cost, Weight = (€-9- Design

N A Explorer
Risk Reliability Based = Max Reliability plorer)
Min cost, Weight i
Robustness - Max Performagnce Reliability RellE
Nominal Design Point
, , External
Design Space Exploration Probabilistic - Design
Sensitivity Response Surface Deterministic | Probabilistic | Sensitivities PrObab"'S_“C Process
Typical Case ~ Variable Ranking Optimization Analysis & Scans Optimization]  |nterface
Worst Case — Design Taguchi
Determimistic| Scrsitivity Scans
: Analysis
Design

RDCS System Director

-
>3 , = =

Logistics & Field Support

Cost Analysis el

_ Risk/Life
Stress Analysis  Manufacturing Management

Module Integration
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AIM-C Three Step Validation Approach

Step 1
Individual Step 2 Step 3
Module and System _
. Demonstrations and System Blind
Validation L L
Validation of Improvements Validation

Known
Design
Requirements

'\“ |

Tests of Compelling Demo NGC IPT Uses AIM-C
Validate Projected

Means and Scatter

System Demonstration and

Validates Technical Results, Time Reductions, Cost Reductions
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Encoded Heuristics

DKB Re-creation

it i

~ Producibility

AIM-C
Significant
ccomplishment

Design, ANOVA, Dezign
Explorer, & Probabilistic
Optimization RDCS Link§/

Physics Based 3D SIFT &
Fracture Failure Theories

>
AIM-C Methodology
Links Readiness Levels

Test data and master curve of

resin tensile strengtn (828resin)  S|FT/Accelerated Testing

Invariant Plots: J;, €,omises " - .o
1 e B g0 =
2 )
LA RN
@ @ N n s :
) B - Critical J; M aster Curve
J, fiber gy s Ry

r.” ﬂl D D of laminates (T300/828) \

. . Shifted testdata ° N
‘J1 fiber Eum fiber ‘]1 e ° Rezduced tin;e togfailhnre [‘;og r‘r; in]”

matrix e, matrix : °WN&§\% SUHLITEUAELCEIEY Mater I al S &

B oo g

Structures T iy Processi rm
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Where is AIM Being Used?
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Composite Flap for F/A-18 E/F

Transparencies for 7E7
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