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Overview
Accelerated Insertion of Materials (AIM)

AIM Objective:

Develop and validate new approaches for materials development
that will accelerate the insertion of materials into production
hardware

Phase 1 Basic Program -- 15 months (ends May 1992)
Proof of concept demonstration using existing material
Phase 1 Option Program -- 27 months
Complete development for existing material
“Blind” validation by independent team
Phase 2

Make Phase 1 system generic
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pLEly, Accelerated Insertion of Materials

“Traditional Building Block Approach Improves Confidence
by Extensive Testing Supported by Analysis:
Too Often Misses Material Insertion Windows

Time to Insertion Readiness

What AIM Enables

AIM Methodology Improves Confidence More Rapidly & Effectively by
Analysis Supported By Test / Demonstration -
Focusing on the Designer Knowledge Base Needs

Time to Insertion Readiness

@aaflma
AIM-C



=F=w3arriers to Accelerated Introduction of Materials m

* Performance

* Cost

. in materials database (especially variance)
- Measured properties
- Predicted properties

- Producibility

Confidence in the material is intimately tied to the
reliability of knowledge of the state of the material

throughout production and use.




Complex Interactions in
Materials Processing MMHMM

Defense Sciences Office

Diesign

Performance
and Life

Heait lise

Treatment

0

Forging Welding

Conditions

o , Life
['hemodynamic .
Molecular Hndz:lzls Prediction
Models i Models

Experiments

* Independent Models Uncoupled to Developing Performance,
Life (Designer Knowledge Base) Information

— Resulting Microstructures Not Useful for Input to Other Models
— Precision/Accuracy Unknown, Not Useable in Other Models
— Assumptions Internally Contained Not Transferable

— Doesn’t Consider Non-Linear, Non-Continuous Behavior Of Dependent
Process Steps

* Experiments Have Same Limitations!
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* Design Details
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Tolerance

* Repair

« Validation of
Analysis
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« Static
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« Configuration
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* Repair
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Same Basic Building Block

Process Used For Metals
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Focus Testing and Reduce Reliance on
Empirical Point Design

Validate the Design and Analysis

I Full-Scale Tests (1 to 3) Calibrate

‘N Component Tests (3 to 10)| Semi-Empirical
Analysis M ethods

- Subcomponent Tests (~250)

S

Design
Allowables

Supporting
Technologies

Characterizethe Material
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DESIGN TEAM’'S NEEDS
Requirements are Multi-Disciplined

Structural Manufacturing Supportability
« Strength and Stiffness  Recurring Cost, Cycle * O&S Cost and Readiness
* Weight Time, and Quality « Damage Tolerance
« Service Environment * Use Common Mfg. * Inspectable on Aircraft
— Temperature Equipment and Tooling * Repairable
— Moisture » Process Control * Maintainable
_éﬁous:ucl « Inspectable — Accessibility
— Chemica . . — Depaint/Repaint
» Fatigue and Corrosion sl elale — Reseal

Resistant * Automatable — Corrosion Removal

» Loads & Allowables * Impact on Assembly  Logistical Impact

* Certification Material & Processes Miscellaneous
e Development Cost * Observables
 Feasible Processing * EMI/Lightning Strike
Temperature and Pressure e Supplier Base
* Process Limitations » Applications History
 Safety/Environmental Impact * Certification Status
e Useful Product Forms — USN
« Raw Material Cost — USAF
« Availability = AR
. — FAA
* Consistency
Risk in Each Area is Dependent Upon Application’s Criticality and
Material’s Likelihood of Failure

BOCING
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Our Current Vision of
the AIM Product

Design IPT
; User Interface
{Dlrect Igslljt Mod|, | Interview Format or
X Direct Input Mod
v i\\ ( i 1
\ Internet Format
Methodolo s <
Y GUI )

\ vsss\
l \
| \

~ RDCS N L :::;M
Inputs RS Previous
' |Current
Materials| | Process | Produc. Structures

Module | | Module Module Module
RDCS/DOME
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AIM-C Comprehensive Analysis T ool

Methodology isthe Foundation of the

RDCS/DOME Framework

Structure
Models

(Science Based)

Material & Process
Models

(Science Based)

Producibility
Models

(Science Based)

Heuristic
Models

Data Bases
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Technology Transition Plan

AIM Product AIM Product  AIM Product AIM Product AIM Product  AIM Product
Development Verification Demonstration Refinement Validation Implementation

_ Program Optional Program h

[ Customer Team
[ Design Team

. Certification Team

v

Implementation Team

\

Customer Team — To Insure that the Product Meets the Needs of the Funding Agents
Design Team — To Insure Acceptance Among User IPTs in Industry

Certification Team — To Insure Acceptance Among the Certification Agents for Structures
Implementation Team — To Insure Acceptance Among the User Community

Commercialization Team — To Insure Commercial Support of Users
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The Certification Team Will Validate
Our Methodology and
Our Verification Approach

Step 1
Individual Step 2 St
ep 3
Module =2€0D o
Validation Process System
Validation Validation

Existing Existing Known
Subcomponent Component Design
Test Results Test Results Requirements

OUTER WING FLAP
DRIVE JOINT

DISECTION TESTS
FOR STIFFNESS

N

Existing Data CEDGE FLAP JONT | LVIDTESTS VA
& Tests of Wing Skin “Blind> “Blind”
Validate Projected Subcomponent Component
Means and Scatter Test Results Test Results

Validates Technical Results, Time Reductions, Cost Reductions
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Certification Team Feedback
Roadblocks to Success

Limitations of the Process Prediction Accuracy Validation Intellectual Property Rights Technology Transition Commercialization
This is a moving target depending on the
modules being used and the data input. | 'How does one insure that the  There is going to have to be a lot .
. X X X X N IR Intellectual property rights to . . Dewelopers leave and the
think this goes beyond just knowing the company that actually builds of ‘proof testing' (validation of Getting past 'Not Invented N
. . . . 3 X protect databases, test Lo certifiers of the next
‘errors’. We've seen before instances in the part can achieve the AIM-C results) to convince the X Here" or industry X
) ) ) . ) - methodologies, and process S generation process are
which engineers who did not understand required properties? Additional overall M&P/Structures ) N familiarization. .
L 3 R N specifications the next generation
the limits of the software came out with testing? community
answers tha
Missing an important behavioral Unavailability of useful accurate . L . Protecting company
L S . . Populating models with ‘actual . N L . " . N .
characteristic (ex., crystallinity in models for specific technical o proprietary information; Getting past the "It will Commercialization buy-in.
. . P values and distributions of X . N X
thermoplastics, free edge effects in areas will limit the scope of " magnitude of variations, never work" crowd What is the product?
X variations
laminates) AlM. costs, etc.
Certification of materials
Will the producibility module :;i:;‘cr“l‘:s d:,aZn i
Complexity of designing aircraft. There are really be able to identify Diversity and the extent of the  Proprietary limitations: fues p 9
X X o P g : . on who is doing it, the - . .
thousands of issues to be considered. fabrication show stoppers? As \validation activities (more Commercial marketing may . Training to make it work:
. . . PV X : o . ultimate use of the
How is AIM going to capture them and deal |this point it is more a lessons  contour, highly loaded, higher limit access to non-Boeing X expert vs casual users
) . . N ) . A structure, history of
with them in a logical fashion. learned from the past collection fatigue requirements) data sources.

certifying organization...

area. R
Not sure the ‘one size fits
all" approach will work.
Validation data: gathering
Input data validation: To be universally Ability to address long term sufficient data to certify the . Selection of the
N R X 3 Broad adoption by the X .
accepted, data from a large array of exposure and fatigue data ina multitude of constituent software user community when appropriate time to
sources will be required (l.e., a world manner different from today. tools resident in AIM. For faced with the "):IOI commercialize. Too early
standard, ala, MIL-HDBK-5). Who sets May have to rely on testing for instance data to certify strain invented here" syndrome (before the tool is really
this up? this. invariant (if that will be the failure 4 " ready) could be fatal.
theory used).
G yoq reaIIY P Commercialization plan.
compelling evidence that you've
. . . A . L . . At the end of AIM, what?
Ovwerselling the program to user community Failure of multi-axially loaded  validated the tool? Criticism Perception that this is just
. y - : . B Where are the $ for
on what CAT can and cannot predict, l.e., composites still difficult to could be that since you knew another big program with maintenance
showstoppers. predict. the answers, you developed a no practical value. . | L
) improvements, advertising,
system that can regurgitate the .
and sales, training
answers.
Limited funding limits the scope of the - Unfgmlllgrlty of the . Where are thg $to
. . . Providing enough confidence to certification community support adoption by other
program to results in specific technologies. X X . . . .
. the user community for with computational industries, sites?
It eliminates those not fully developed (l.e., . ) . .
L computational analysis to approaches will result in  Software, hardware,
RTM, fiber placement) resulting in loss of X R - L
. N . replace experimental testing for fall back to building block training, new personnel,
interest by user community, l.e., will not be ) L N L N
specific applications. approach to materials revision practices, codes,
able to please everybody. R X
certification. standards
. - Partial validation. Demo leaves Not mvented.here. How do you partition AIM
How far will AIM assist in better - . roadblock. Aim will be )
. . loose ends in fatigue, . N so that portions can be
understanding composite / metal structure X ) perceived as a Boeing .
N X environmental testing, and 5 used before having to use
interactions? " only, or a Boeing .
structural details. the whole thing?
subcompany process.
Can AIM be structures so
Can you include a prediction of risk that portions can be spun
versus benefit for different levels of off and used prior to
materials development maturity? validation of the whole

system?
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Error Sources and Mitigation in
The AIM-C Product

Design IPT
¥1 Internal Sanity Checks
[T p— And User Checks Allowed
At Every Step of the Way
: User Interface
{Dlrect Input MOd} -------- Interview Format or
GU| Direct Input Mod

k] 8

Insufficient Data . V Interpretation
\ Errors

= SN [Internet Format | 4
'IQDCtS N cu |
nputs \ -
m \\ ‘~~\\\\\ —
Erroneous Data \ RDCS
Selections from i -
Database Results Previous

¥
l o Current
Materials
E, Process ;@_‘ Produc. l|Structures i Discetization
Module Module Module Module Errors
RDCS/DOME
Physics Physics to Numeric Constraint

@ﬂﬂf]my Modeling Math Modeling Round-off Modeling

Errors Errors Errors Errors AIM-C




Y ahool

File Edit “iew Go Communicator Help

xampleof an Output Screen for the AIM-C CAT *

| - @ A N - % & i
i Back Forward:  Reload Haome Search  Metzcape Print Security Stap
i .qf Bookmarks Netsiler[ http: darpa.org/aim.navy.mil j
Home Dhsplay Evelty:  CDF
; . il Type: 200 Ui
. Application Strength s Lk
Certification Tensile h—
Assembly T
Design Compr(
I 1
Supportability Sllﬁness ”—
— Cow i e R e
Schedule Young’'s Moduli ( n's Ratio
4 4
Strength E1 (msi Ess Ess (msi L23 L31 V12
(ot b COF
Fabrication 1)t S . 1.347 0.325 0.325 0.325
r L =
ey o —
Materials erma YAl L | '
Legal/Rights
Output "
L uuy if L Save & Close BOEING:

w’f].lfbli
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(Commercially available from MSC Software)

Options to rapidly < Probabilistic >
evaluate design N

%
X O
$ 4 A\\\' ./\,%
~ N &> S ol &
S < AD D > &S
3 RN (0\ & < N (g < o‘b’ 6’
& S & S N L N ARZ )
S| SNES| S| S& |f |9
& & ) A R &

‘Capture analysis & design processl ‘Rapid parallel computingl

@aaflma
AIM-C



Definition of Global Variables
Probabilistic Description

* Numer ous Probabilistic Distribution Models Such AsNormal,
L ogNormal, Weibull etc. are available for Characterizing The Variations

Variable Name: hours_flown (continuous) e NOUTrS_flown NORMAL Distribution
Source ID: | !
:I-u'--:-'!I Jaw PnF
Description:
NORMAL . =t =t
m_mean S00 .0 CDF
m_stddev 160.0
Number of Points: 30

@aaflma
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Display Entity: Scatterogram B0 - ADOC A mE

scaltearagram

Plot Type: 2DPointPlot
X-Axis Label

Y-Axls Labwel

Display Entity: COF
Plot Type: 2DCurvePlot
X-Astls Label

b s

Y-auls Labee

Cumulative Probability Distribu

Close Print Help w Page: 1/1

Visuaizer: Somsation Methods

* Provides the effect of
variability and/or
uncertainties on design
performance

¥

- »
-l
AEF_E'—

| mat Type: 20F

Simula; simd
imatono= Fames =imo S00
Histogroem

_ =
|
= -
-
a
&
-
| -
#3 TR3 TADD ITDA DI0O TT.OC SEOC OTD0 LD ATOE ST
g
A
E_TES BOT Slals DR T e
T L e gy = ) ——
maor 8 Sl mm sl
P ympory P § G7ER e .

@aaflma

AIM-C




Robust Design lllustrated Using Single Variable

Design Point 1: Higher
performance operating
point but sensitive to
variations

Design Point 2: Lower
performance operating point
but relatively insensitive to
variations

]

Performance

@aaflma
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Input Material Properties
» Test methods — accuracy, repeatability
* Distribution — data correlation, population

Probability
characterization

Exampl € Specification for AIM input

: , - Limit

Fiber properties =

single fiber tests not practical ©

L aminate tests performed, fiber ol

properties calcul ated. &

Level

Example:;

Actual data may not be ideal distribution
shape, Distribution of material actually
used may be truncated by specification
acceptance criteria

/

0.1 x1.00

S um /

diameter
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1RTION
w *t s

S

TEAaM

Navab

Modeling

*Accuracy of physics Example: Unknown mistake in

: . calibrating DSC leads to wron
* Use of models outside of known limits | o of regcﬁon and incorrect )

temperature histor
* Code Bug o
FLRFL Ty

Example: Thetool surfacefinishis

not uniform for atool or between “‘f«% *
tools. =%
L Example: Autoclave heat transfer
eguation is used outside of known

Example: Physics of cure-

hardening linear elastic versus fully limits

Autoclave Pressure (psig)

50 g
07 L
g z 5T
o 40 06 = o &
S = 8%
535 05 2 SE
s s Sz
2 30 3 23
g
2 25 04 2 SF
e © e
Z 20 03 % =
3 2 s
o 15 02 I T
= c
£ 10 s
2 01 8
& &
05 0 t t t 0
00+ -oo 0 200 400 600 800
0 0.2 0.4 06 0.8 1
Resin Degree of Cure (-) Autoclave Pressure (kPa(g))
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Robust Design Computational System (RDCS)

767-400 Raked Wingtip Front Spar RDCS Sensitivity Analysis PIusTB‘ M
DOE Sensitivity Analysis Design Scan
Front spar
Wing SKIL / \
4—
e
Leading edge

Conventional Approach Integrated with RDCS

» 32-Runs for Simple DOE » 127-runs for Sensitivity Analysis
and Design Scan
* 4-Months Calendar Time to » 1-2 Weeks Calendar Time to
Set-Up and Solve Set-Up and Solve
» Computer (time) intense » User Isolated from Intense

Interaction with Multiple Codes

» 216-Hrs Actual Labor to Complete « 28-Hrs. Actual Labor to Complete

» Labor-Intense Data Reduction * Automated Data Reduction and

Graphics
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Initial Application of Processing
Module: | -Bracket Example Problem

s,
i
_—

[T TN

LETLERERLAR A AR AR AL
LU LR AR AR R

5.

@__ﬂﬂf]ﬂﬂ@
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Input Parameters for L-Bracket
Example Problem Involve Variability

Variable Nominal Lower Upper Std. Dev.
Target Temp | 250 240 260 3.3

Hold Time | 60 50 120 *

Alpha C2 0.67 0.5 0.8 0.05
8552 CTE 1 | 6.0E-07 5.4E-07 6.6E-07 0.2E-07
Fiber E11 2.73E+11 6.80E+09
Invar CTE | 6.0E-07 5.4E-07 6.6E-07 0.2E-07
Theta O -45.0 -43.0 -47.0 0.667
Theta 7 -45.0 -43.0 -47.0 0.667

Hold Time was modeled using a 3-parameter Weibull Distribution

X, =50, Char.=60.0 Alpha=0.78
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ldentification of Parameters to Which
Spring In is Sensitive
L-Bracket Example Problem

compre_4G — Sensitivity Analysis
Design Instance — sens
1.00-
o.7s| : :
F~ 1)
| |
— +
OLEO- () | —
o _: | — Ll
-+ | - —
5 o N o2 Ga
U DLEDF [ = =T
z | | o EH |
L = = = 1
o = L o
=
x
= | el | o o L - | | | |
o I Ll L
x | Ug | E Ea [ T B
g _g.esio 2o Eﬁ _ED-;CIED'— Mo
« | ac | £ S0 29 I |
I L 1m T | uz o O b o™ S0 |0 |9 |2 |9
g g ol ) 0 Z g@gd gl g
—om0l o o m g S To ed no pa
= - - = I i
i g 0005
—RTE =] = T =
—1.o0ok springin
ParturbationTypa — Twpiaol Ratic
Sennmitivity Tvpa — Foator
Exponaion Point For Disployed “aorioblss — Maximum Ten Listed
J_Theta__0__=—450 Ul_Theto__7__=—450 Alphol2=0.67 Ul Thato__2 _ =450 Ul_Thato__5__=450
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Summary of Responses
L-Bracket Example Problem

Variable Mean Response Std. Dev. Response

Theta7 1.057 0.106

Alpha C2 1.068 0.117/5

Hold Time 1.06 0.1065

Target Temp 1.06 0.1055

All 1.012 0.115
@aaflma
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Cost, schedule,
performance with
confidence factor

Focus based on needs

K nowledge management
—orchestrated models,
simulations, experiments
to maximize useful

Infor mation

Built on building block
methodology while
facilitating discipline
Integration

| nter net access

Industry Benefitsfrom Al M

Path from criteria based
to probabilistic based
approaches

Platform support for
changes— bill of
materials, pedigree, re-
certification

Design process
application

The best of emergent
modeling and explicit
modeling

Applicationsto other
problem sets

| mprove productivity, facilitate radically new approachesto
material insertion
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Accelerated Insertion of Materials --
Composites (AIM-C)

Wrap Up

« AIM attempting to provide methodology and tools to enable integrated product
teams to accelerate insertion of materials into products

« Barrier -- Confidence in material “which is intimately tied to the reliability of
knowledge of the state of material throughout production and use”

» AIM tool under development includes

* A guantitative tool set
« Combination of analysis and test
» Requires management of uncertainty and error
» Challenge to materials community -- Understand and manage
uncertainty and error in models and tests

» A gualitative tool set
» Capture lessons learned, experience
» Anchor AIM to established practices
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