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Accelerated Insertion of Materials — Industrial
Perspectives on Polymer Matrix Composites
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AIM-C Alignment Tool

The objective of the AIM-C Program is to provide concepts, an approach,
and tools that can accelerate the insertion of composite materials
into DoD systems.

AIM-C Will Accomplish This Three Ways

Methodology - We will evaluate the historical roadblocks to effective
implementation of composites and offer a process or protocol to eliminate
these roadblocks and a strategy to expand the use of the systems and
processes developed.

Product Development - We will develop a software tool, resident and accessible
through the Internet that will allow rapid evaluation of composite materials
for various applications.

Demonstration/Validation - We will provide a mechanism for acceptance by primary
users of the system and validation by those responsible for certification of the
applications in which the new materials may be used.

Tasks in Phase 1 are directed toward Transition.
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Technical Motivation

Significant disconnect between materials development and
the design/use of materials in components/systems

Materials
“Knowledge Base”

System Design: Needs .....

Materials Development

* Highly Empirical

» Testing Independent of Use
» Existing Models Unlinked
* No Link to Designer Needs

Materials “Knowledge Base” & Confidence In
*Validation of Critical Properties
» Scale-up of Design and Process(es)
» Manufacture of Parts and Components
» Assessment of Costs
* Predictable Reliability and Life Expectancy

To Establish a Designer Knowledge Base (DKB)
... InaFixed Insertion Window of Time
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DESIGN TEAM'S NEEDS
Requirements are Multi-Disciplined

Structural Manufacturing Supportability
+ Strength and Stiffness + Recurring Cost, Cycle + 0&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
_ chemical © - Inspectable - Accessibilty
« Fatigue and Corrosion :J,;‘:tcnh;a?:g::le o Rz:;u i
Resistant — Corrosion Rem oval
+ Loads & Allowables * Impact on Assembly - | +Logistical Impact
+ Certification ~ Material & Processes -~ Miscellaneous
* Development Cost .~ ~_»Observables -
+ Feasible.Processing - .« EMliLightning Strlke
Temperature and Pressure - *Supplier Base
* Process Limitations-~ @ '« Applications History
+ SafetyiEnvironmental Impact + Certification Status
» Useful Product Forms . . —USN
+ Raw Material Cost _USAF
+ Availability. ' —iﬁ“"

+ Consistency
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Background: What is the Issue?

Often, our development time and money is spent on fixing problems because we

were not correct with the material, process or design characterization.

Elimination of Failure Modes &
Redesigns

COST HISTORY

Certification

Initia_ll Engineering
Design Support
Development Cycle for a Typical Hardware Insertion
Implications of the current scenario:

Risk Adversity — Stay with known materials and concepts
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Among the Top Problems to Accelerated Insertion:

Scale Up

End of Life Properties

Part Geometry

Unplanned Rework

Transition, Support Knowledge
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What is AIM-C?

AIM-C is a methodology for accelerated insertion of materials
Into defense structures at reduced costs.

This methodology develops a design knowledge database
that links what is known about a material system to
what is needed in order to qualify its application to an
application that meets certification requirements

It allows rapid identification of which applications are
too risky and which are not.

It uses verified analysis methods, existing test data, and
lessons learned from previous experience to minimize the
amount of data required to insert new materials into a system
with confidence
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The AIM-C System Uses the Integrated |
Product Definition Process to
Produce the Design Knowledge Base

&erims

Design Knowledge Design
Base
Producibility
Strength
Schedule

Each function contributes and receives knowledge
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TRL XRL A Domain Independent Comprehensive Tool Set to Analyze the Design Space
/vm yr N Interface to
Readiness Lgeyvel Readin(;s)s Level External
10. Disposal } 9. Industry Std PSS
9. Production ssem 8 Production Processes
8. Flight Test .
e e Min Cost, Weight |~ (&.9- Design
j :sef%?é'mmi'n”e;ﬂf" - Risk Reliability Based = Max Reliability ST
ream:naary‘ esv‘ggess 7. Qualified Mat'l/Process Min cost, Weight
o e Robusiness /S TR Reliabiy | Ranking
3. Proof of Concept 6. Pre-Production Nominal Design Point
2. ?uontggﬁ?)ehnmon 5. Pilot Production . EXternaI
1. Concept 4 Lablprototype Prod Design Space Exploration Probabilistic Design
eaker/Bench Product TPt
Activity Steps Moving to Sen_smvny . Response Surface Deterministic | Probabilistic | Sensitivities Propaplllgtlc Process
Fo Typical Case ~ Variable Ranking Optimization Analysis & Scans Optimization] |nterface
ket R IR Worst Case — Design Taguchi
S Determimistic| “cnsitivity Scals
L - Analysis
= | Design
AIM-C Method r RDCS System Director

Computational Tools
Assessment

The AIM-C

Methodology
Knowledge Management

& Feature Based Studies

Encoded Heuristics

Analysis and Test

Test data and master curve of
— resin tensile strength (828resin)

Strain Invariant Failure
Theory Coupled with

g T :i Accelerated Testing
P 5 : :

Critical J, M aster Curve

g min). ‘

M aster curve of trans. tensile strength 2"
=1

e of laminates (T300/828) i .
-— :I ol

vy

- | ot 0.6 0.8 _ 12 T,
Producibility =

&
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Assessment: Thorough
Consideration of Each Category

Application .
Certification Supportablllty
Materials Design
. Intellectual Rights/Legal
Producibility
: . Cost
Processing/Fabrication
Schedule
Structures Assembl
Durability y
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¥ Assessment: Technology Readiness Levels

 Defining all the Questions and Measuring Progress

» Application Definition, Loads, Environment

= Concept Definition/Applications Revised

* Effect of Assembly on Performance

« Effects of Defects
\ Production Materials/Materials Specs

TRL i 2 3 4 5 6 7 8
QEElcaicn Very High High High - Med Med - High Medium Med - Low Low Low - Very Low CO nce pt Defl NI tl on
F\’.ISk. o~
— >
anplcaing Concept DefiniioauRianii —Creliminany, Tround Test Flight Test
Maturity Design Testing
e . Cen!ﬁcatlon Certification Plan | Certification Plan Prellm.lnary Subcomponent FUEED Full Scale .
Certification Requirements D — ted e Design Testin Component Aiframe Tests Flight Test -
Documented PP Allowables g Testing Y ‘ 0 n Ce t R efl n e m e nt
Concept Applications 8
- e ARplications Applications Applications Applications
Concept Defintion/ = LD
Exploration/ | Applicati Revised By 1 poioil Test Data - aiood Revised by
Design ploratiol pplications Laminate Data Component Test | AmTare-me
Potenital Benefits Revised by (Elements)/ ’
e ] (Coupons)/ s Test Data/ Design| Data/ Ground | Tests/ Flight Test
e a bata Design Closure ry Maturation Test Plan Plan
(Coupons) Desi|
Assembly Assembly Plan | Key ly Key bly C its Airframe Flight Vehicles
Assembly —=c5rcant Detall Defintions | Details Tested Asse B I a i n a D a t a
Structures ';rr::::rl‘r::g Initial Properties | Design Properties Ereiniiay) B-Basis Design | A-Basis Design v
Maturity RS Verified by Test Devweloped Allowables % Allowables - / d -
N — * Design/Geometry Parameter Studies
" Producti
Materials Lab-Prototype | Pilot m Pre-Production lvlrgt:r(l:a:z;‘ N M LRIP Material - - - -
| - - = ey Heuristics, Simulation, Test
Maturity Materials Materials aterials Material Specs \ LRRIC ® eu rIS ICS, | u a. |0n y eS
Propenm Process Specs/ o~
T R N S Assembly Concept
it g 5 Tested/ Target Tested Fult
Fabrlca.non Unfealured .Panel Generic o o N Subcoanems Compon‘é} D Fabrication | L% Rate Initial
Maturity Fabrication Small/Subscale Fab'd Production (LRIP)
. P Production Fabricated
Parts Fabricated
Generic Full Size [ Representative
Parts Parts Fab'd I
Cost Benefit N \
Cost Benefit CosURee g E\Iys‘esn?z'n'zc‘ A(n:lasstlsB;Z:glcl Grt Bz EEBE
Cost Benefits | ROM Cost Benefit| Analysis Reflect Y Anlysis Reflect | Anlysis Reflect
X Elements ID'd & . ProdNction Subcomponent
Maturity Analysis Size Lessons EMD Les: LRIP Lessons
GRIscty Learne d e, Leame d Learned
Part LessOs | Lessons Learned | Le: s Learned
Learne d
Repair Repair Materials | Repair Materials y b Repair Trials/ ~ light Qualified
Supportability Items/Areas & Processes & Processes Falgef:z:gs (bcomponent czrzp;r::m Rel :?:T(::::ﬁe d irs
Identified Identified Document ted epairs P P Docum
Intellectual Concept Patent Disclosure|Proprietary Rights| Data Sharing Vendr M;’;:?;::: Production Rate | Vendor Requal [ ] M ate r I al P ro pe rty Stu d I eS
Rights Document tatior| Filed Agreements Rights Agreemel e Contracts Agreement It
v [arget Application Pilot Production
arget Application F1io oauctio

And Projected
e Performance Data for Trades

* Effect of cure/tooling on Performance

Characteristics
* Analysis/Test-Generated Design Values

» Effects of variability
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Assessment: Tracking Conformance

AIM-C Technology Readiness Summary

[Codes - WES {done)  |NO(notdone)  [In-work Problem N7
[TrL [1 [ = 4 s 3 [ = £ [10
- . . . " . . Loves - Yery o
Application Risk “ery High High High - Med Med - High Medium Med - Loww  |Low Lo “ery Loy |Megligible
Application katurity |Concep‘t Exploration |Concep{ Defirtion |Proof of Concept |Preliminar\r Design @D. m |Ground Test |Flig:|h'l Test |Produc{ion H.ﬂw
| | | | Maturation Testing | | Dispose
A Cedification Elements  |Cerification Plan Cerdification Plan Freliminary Design Subcormponert EOlRScale) F_uﬂﬂ . Production Disposal
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y ot - — "
ASSEmoly Defindion Defirtions Tested FAssembled Assembled  |Assembled for Disposal
Assembled
Flight
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W v o - e | e —
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Allovables Flect
Support
. Support for
A . Lab-Prototvpe Filot Production Pre-Production FProduction hMaterials! EniD n LEIF . m Recyole or
Materials Maturity " - - " B H Material Material Material "
Materizls Material=s Mzterials Material Specs P B ey p—p— —— Disposal
Supplied Supplied Supplied —
Decisions
Frocess Specs/
FProperty-Fab Effects of Fab Lonws Rt
Unfestured-Fanal Festure Based Generic (Relstionships Tested! |Waristions Testeds Subcompnants Full Scale EMD nitial Recvole ar
_— . - S - . o] .
Fzbrication Maturity Fabrication SmallfSubscale Parts  [Tzrget lication FPilot Elements Fab'ds Fab'd Components Fabricstion |Production Production ﬁfsT
— Fabricated Production of Generic  |Production — Fabricated LRIF SLSpOSE
Full Size Parts Representstive Pards
Eab'd
Cost Benefit Cast
Cost Bensfit Analysis ﬁe . % Cost Benefit |Cost Benefit [Benefit W
. . Cost Benefit Analysis Reflect Elerment and Anlysis Anlysis Anlysis
Cost Benafits Msturity Fn?jt&egr”;.fgci‘;mems 253""' ':i‘:‘SS‘ fat Reflect Size Laszons | Production E:EC&C'L“S::;E E:—‘;“‘;C""ﬂ Reflect EMO [Reflact LRIP [Reflact E?S"eo'ﬁal
d & Projected ; Fab & Assembly (Fab & ;
Sn=vsls Lezsrmed Represertstive Part Lessons Lessons Production [Fomm=a
Lessons FAissermbly Lessons
Lessons Learned Learned Learned Lessons
Learned Lessons Learned
Learned
Learned D
. . Fab Repair . Flight . Support for
- Repair temsifress Repair Materials & Rspair Materisls & . - Trizlsd Cormponent Produdtion Luzlified Repair- Recycle or
Supportabilit Identified Frocesses |dentified Brocesses Ezb Repairs ldendified Subcormponent  |Repairs Reapirs Replacs Disposal
Identified Processes |dentified Subcomponert _—
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- Repairs . Docurmerted == — |Decisions
. " q Materizl and (Production  [Yendor Post- Lizbility
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e

@ﬂﬂflﬂﬂ

T N S R N W T MR 11

Approved for Public Release, Distribution Unlimited



Assessment Becomes a e
Requirements Flow Down and a
Completion Roll Up

\

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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Assessment Summary

Users/Participants Process Steps Tool Sets
v * t Application Readiness Hierarchical House-
anagement, _ ] :
Tech Leads, 7 of-Quality Charts
Customers WHAT,
 / WHY, Requirements | | v XRL Charts And
WHEN Detailed xRL Charts
Conformance
Summary Sheets
Tech Leads, Conformance
IPT Tech
Personnel, WHO, 4 Conformance
Suppliers, HOW, Detail Sheets
Customers WHEN

Conformance
Grading Sheets

Database
Development

Worksheets, Templates,
Testlnlgl, Analysis Modules,
euristics, Etc.
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