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The Digital Thread

Global Horizons

9. Manufacturing and Materials

. 9.3 Game Changers
Global Horizons SRR - J

Final Report

Exploiting the three gam
below will help the AF meet the need for more

United States Air Force rapid development and deployment. The
Global Science and Technology Vision recommendations represent the first steps on the

path to future game-changers.

Digital Thread and Digital Twin] The concept of a digital thread/digital twin comprised of
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advanced modeling and simulation tools that link matenals-design-processing-manufacturing
(Digital Thread) will be the game-changer that provides the agility and tailorability needed for
rapid development and deployment. while also reducing nisk. State Awareness and System
Prognosis advantages will be achieved through the Digital Twin, a virtual representation of the
system as an integrated system of data, models, and analysis tools applied over the entire life
cycle on a taill-number umique and operator-by-name basis. M&S tools will optimize
manufacturabality, mspectability, and sustamability from the outset. Data captured from legacy
and future systems will provide the basis for refined models that enable component and system-

level prognostics. Archived digital descnptions of new systems would greatly facilitate any
subsequent re-engineering required in the future. Human performance monitoring will enable

adaptation of systems to the “mission capable™ state of the operator.
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N An Analogy:
\/
Q The Future of Healthcare

early identification of

disease & disease ~ Geri
precursors

AElectronic Medical Records
& Personal Health Records
available to patients &
providers

APreventative medicine
& disease treatments are

personalized to each patient

Environment, ' Physical
Diet, & Makeup &
Lifestyle Condition
AMajority of effort is in

predicting, preventing, Future Healthcare will be
& managing disease Predictive, Integrated,

throughout life Personalized, and Preventative
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\
\/ | The Future of
«¢*  Aircraft Lifecycle Management

ATO BEO Stat e:
AMaintenance based on Developmen

early identification of
dam age & dam age Sustainment
precursors

Alndividual aircraft history
available to operators,
maintainers, &

engineers
. ) Operation S
APreventative maintenance

& repairs / retrofits are

Design &
Performance

Materials, |
Processing, &
Manufacturing

Operation &
Maintenancel

Test &
Evaluation

personalized to each aircraft

AMajority of effort is in
predicting, preventing, Future Lifecycle Management will k
& managing damage state Predictive, Integrated,
throughout life Individualized, and Preventative
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\/ A Simplified View of Structures-related §. Y
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3 Preliminary Design Activities N e

Weight

Outer Mold Line Structural Layout AT EreE

Obtained from

Conceptual
Design, Material Class Major Joint
Designer Selection Configurations
EXxperience,
& Historical

Databases

Initial Detailed
Component
Geometry
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\/ A Simplified View of Component-level
L4 | .
«Qr Detailed Design Analyses

Obtained from handbooks, specifications, historical databases, and builéhlugk testing programs

Fracture
Toughness, Crack
Growth Rates

Geometry & Strength &
Tolerances SITTIESS

Crack Growth
Analysis

Stress Analysis

Design Margins

-
LR
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The Aircraft Systems Engineering Game:

One-way Requirem ents Flow

Preliminary Design initial Component Geometiyeie> Detailed Design

Material Class Major Joint : Crack Growth
. . : Stress Analysis :
Selection Configurations Analysis
Initial
GComponent Design Margins

Geometry

Works fairly well foevolutionary
design configurations materials, & manufacturing processes

Works poorly forrevolutionary
design configurationsmaterials, & manufacturing processes

Works less wellvhen aircraft mission profiles & retirement dates

change



The Aircraft Systems Engineering Game:

One-way Requirements Flow

Preliminary Design [iitialComponentGeometiyiete,> Detailed Design

Initial
Gomponent
Geometry

_ ‘Works fairly well foevolutionary
design configurations materials, & manufacturing processes

_ ~ Works poorly forevolutionary
design configurationsmaterials, & manufacturing processes

Works less wellvhen aircraft mission profiles & retirement dates

Design Margins
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\/ How might Digital Thread
Qr change this game?

Alntegrate M&P with the SE process

M&P-informed, probabilistic
parametric models of
cost, weight, performance, etc.

Physics-informed,
probabilistic models
of M&P

Linking of M&P models
with detailed design
analysis models

Automated experiential/
evidentiary updating
of models

Design &
Performance

Materials,
Processing, &
Manufacturing

Operation &
Maintenance

PERFORMANCE
Distribution Statement A A RL 10

88ABW20146040 Approved for public release: distribution is unlimited.



\/’ How might Digital Thread
Qr change this game?

Alntegrate M&P with the SE process

I M&P-informed, probabilistic
parametric models of

with detailed design
analysis models

I Automated experiential/
evidentiary updating
of models

Materials,
Processing, &
Manufacturing

Operation &
Maintenance

PERFORMANCE N
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\/ Integrating Engineering Disciplines
iIn a Model-Based Enterprise

An Example:
How do different engineering disciplines see a Tensile Bar?

Processing Engineer:
Producibility, variability in

Design Engineer:

Dimensions mechanical properties
Qua"tE\LQEM
Design Analyst: Acceptance testing

anical methods & criteria

Tables of mech
propertles & design

cntena

Materials Engineer:
Chemical composition,
microstructure, texture

How do these differences impact

modelformulation andvalidation choices?

m-:n" ‘
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\/ Integrating Engineering Disciplines
Qr In a Model-Based Enterprise

An Example:
How do different engineering disciplines see a Tensile Bar?

Acceptance testing
Mmethods & Criteria

Materials Engineer:
Chemical composition,
microstructure, texture

How do these differences impact

modelformulation andvalidation choices?
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Aircraft Digital Thread

NOW

Alntegrated Computational
Materials Engineering
(ICME) for component
manufacturing

ALocalmaterial properties
integrated intolocal
engineering analyses

AKnowledge base for
Material Review Board
dispositions

AUncertainty Quantification
w/ M&P variations for
localengineering analyses

NEXT

AProbabilistic ICME models
of components linked to
manufacturing data for
automated model
calibration

AlLocal engineering analyse
w/ as-built local
dimensions

AUncertaintyQuantification
w/ M&P variations for
globalengineering
analyses

AICME for aircrafassembly

ADimensional tolerances
developed based on

~

impact toperformance

FUTURE

AlLocalmaterial properties
integrated intoglobal
engineeringanalyses

AM&P variations in
engineering analyses
updated based oms-built
& asmaintained
manufacturing data

AManufacturing knowledge
base informing design
decisiongnteractively

AManufacturing knowledge
base mined to develop
improved parametric
modelsfor conceptual &
preliminary design
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\/ The AAirframe Di glffia
\qg»/ | ndi vidual Aircraft"“Spr

Individual Aircraft Tracking Program (IATP)

A Required by MIL-STD-1530C

A Used to adjust structural inspection,
modification, overhaul, and replacement
times based on the actual, measured
usage of the individual aircraft

A Used to forecast when aircraft structural
component life limits will be reached

A Requires development of analysis
methods and collection of
actual usage data

ASIP Individual Aircraft Tracking Program

Scope of the AADT | ATPO Use Ce¢

A Acquisition Activity: Operation & Sustainment
A Per f or Mammetess:0Structural Life Predictions

A Applicability: Airframe Structures
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