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Systems Engineering in DoD: 
Where do Materials & Manufacturing Processes (M&P) fit? 

Need to bring M&P into earlier phases of SE, but how? 
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The Digital Thread 

Digital Thread and Digital Twin 

9.3 Game Changers 
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An Analogy: 

The Future of Healthcare 

Future Healthcare will be 
Predictive, Integrated, 

Personalized, and Preventative 

ñTO BEò State: 

ÅTreatments are based on 
early identification of 
disease & disease 
precursors 

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

ÅPreventative medicine 
& disease treatments are 
personalized to each patient 

ÅMajority of effort is in  
predicting, preventing, 
& managing disease 
throughout life 
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The Future of 

Aircraft Lifecycle Management 

ñTO BEò State: 

ÅMaintenance based on 
early identification of 
damage & damage 
precursors 

ÅIndividual aircraft history 
available to operators, 
maintainers, & 
engineers 

ÅPreventative maintenance 
& repairs / retrofits are 
personalized to each aircraft 

ÅMajority of effort is in  
predicting, preventing, 
& managing damage state 
throughout life 

 

Future Lifecycle Management will be 
Predictive, Integrated, 

Individualized, and Preventative 

Concept 
Development 

Design 

Test & 
Evaluation 

Production 

Operation 

Sustainment 
Design & 

Performance 

Materials, 
Processing, & 
Manufacturing 

Operation & 
Maintenance 



6 Distribution Statement A 
Approved for public release: distribution is unlimited. 88ABW-2014-6040  

A Simplified View of Structures-related  

Preliminary Design Activities 

Obtained from 
Conceptual 

Design, 
Designer 

Experience,  
& Historical 
Databases 

Outer Mold Line Structural Layout 
Weight 

Allocations 

Material Class 
Selection 

Major Joint 
Configurations 

Initial 
Component 
Geometry 

Detailed 
Design 
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A Simplified View of Component-level  

Detailed Design Analyses 
Obtained from handbooks, specifications, historical databases, and building-block testing programs   

Geometry & 
Tolerances 

Strength & 
Stiffness 

Fracture 
Toughness, Crack 

Growth Rates 

Stress Analysis 
Crack Growth 

Analysis 

Design Margins 
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Preliminary Design 

The Aircraft Systems Engineering Game:  

One-way Requirements Flow 

Outer Mold Line 
Structural 

Layout 
Weight 

Allocations 

Material Class 
Selection 

Major Joint 
Configurations 

Initial 
Component 
Geometry 

Detailed Design 

Geometry & 
Tolerances 

Strength & 
Stiffness 

Fracture 
Toughness, 

Crack Growth 
Rates 

Stress Analysis 
Crack Growth 

Analysis 

Design Margins 

Initial Component Geometry, etc. 

Works fairly well for evolutionary 
design configurations,  materials, & manufacturing processes 

Works poorly for revolutionary 
design configurations,  materials, & manufacturing processes 

Works less well when aircraft mission profiles & retirement dates 
change 
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Preliminary Design 

The Aircraft Systems Engineering Game:  

One-way Requirements Flow 

Outer Mold Line 
Structural 

Layout 
Weight 

Allocations 

Material Class 
Selection 

Major Joint 
Configurations 

Initial 
Component 
Geometry 
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Geometry & 
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Toughness, 
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Rates 

Stress Analysis 
Crack Growth 
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Initial Component Geometry, etc. 

Works fairly well for evolutionary 
design configurations,  materials, & manufacturing processes 

Works poorly for revolutionary 
design configurations,  materials, & manufacturing processes 

Works less well when aircraft mission profiles & retirement dates 
change 
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ÅIntegrate M&P with the SE process 

ïM&P-informed, probabilistic 

parametric models of 

cost, weight, performance, etc.  

ï Physics-informed, 

probabilistic models 

of M&P 

ï Linking of M&P models 

with detailed design 

analysis models 

ïAutomated experiential/ 

evidentiary updating 

of models 

How might Digital Thread 

change this game? 

Design & 
Performance 

Materials, 
Processing, & 
Manufacturing 

Operation & 
Maintenance 

PERFORMANCE 
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ÅIntegrate M&P with the SE process 
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parametric models of 

cost, weight, performance, etc. 
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Integrating Engineering Disciplines 

in a Model-Based Enterprise 

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

How do these differences impact  
model formulation and validation choices? 
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Integrating Engineering Disciplines 

in a Model-Based Enterprise 

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

How do these differences impact  
model formulation and validation choices? 
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Aircraft Digital Thread 

NOW 

ÅIntegrated Computational 
Materials Engineering 
(ICME) for component 
manufacturing 

ÅLocal material properties 
integrated into local 
engineering analyses 

ÅKnowledge base for 
Material Review Board 
dispositions 

ÅUncertainty Quantification 
w/ M&P variations for 
local engineering analyses 

NEXT 

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

ÅLocal engineering analyses 
w/ as-built local 
dimensions 

ÅUncertainty Quantification 
w/ M&P variations for 
global engineering 
analyses 

ÅICME for aircraft assembly 

ÅDimensional tolerances 
developed based on 
impact to performance 
 
 
 

FUTURE 

ÅLocal material properties 
integrated into global 
engineering analyses 

ÅM&P variations in 
engineering analyses 
updated based on as-built 
& as-maintained 
manufacturing data 

ÅManufacturing knowledge 
base informing design 
decisions interactively 

ÅManufacturing knowledge 
base mined to develop 
improved parametric 
models for conceptual & 
preliminary design 
 



15 Distribution Statement A 
Approved for public release: distribution is unlimited. 88ABW-2014-6040  

The ñAirframe Digital Twin for  

Individual Aircraft Trackingò Use Case 

Individual Aircraft Tracking Program (IATP) 

ÅRequired by MIL-STD-1530C 

ÅUsed to adjust structural inspection, 

modification, overhaul, and replacement 

times based on the actual, measured 

usage of the individual aircraft 

ÅUsed to forecast when aircraft structural 

component life limits will be reached 

ÅRequires development of analysis 

methods and collection of 

actual usage data 

Scope of the ñADT IATPò Use Case:  

ÅAcquisition Activity: Operation & Sustainment 

ÅñPerformanceò Parameters: Structural Life Predictions 

ÅApplicability: Airframe Structures 

ASIP Individual Aircraft Tracking Program 


