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The Georgia Tech Graduate Program in Aerospace Systems Design
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« The Georgia Tech Graduate Program in Systems \ I\
Aerospace Systems Design is the largest of 2 Practice O ' Resew
Its kind in the world with ~ 200 grad students, i [PPD Methods/Techniques
35 research engineers & 10 faculty N pa | S M ASIGHT veccossjmp
: . “‘K | Aerospace | | Computer '| Safety By ! .
« Two major laboratories, the Aerospace |1 svstems }| Tifegrafed :lnesig_n &F_“gh!t Industry Partnership
System S DeSign |_ ab oratory ( ASDL) and The .leed”-ngm | Engineering | |Environments' | Certification | . .\ . 7 hl
Space Systems Design Laboratory (SSDL), T ] M Disciplinary Research
. . 1155118 stems stems
support substantial research and education __ m } ﬁh{ \/
ith i i i: } Innovative
programs with m_dustry qnd governme_nt ol Propulsion Sys ’ Propulsion Sys B
 As illustrated in the Figure on the right; ﬂ'; Design I Design II T\
a Practice-Oriented MS Program with required A S 4 = Desien Creativity
Courses are identified; Most Aerospace Systems/ ghk_d;;e;;;g; :"Ig"j"} :“Agj“l ; :
ntrees Design Design
and System of Systems are addressed; Includesy A 4L 2% 1| vemoasn ! | Metnodst | Fellowship Opportunity
Integrated Product/Process Development (IPPD) & %a=| IPPD Tools/Infrastructure

Methods/Techniques/Tools/Infrastructure Complex System of Systems
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The Aerospace Systems Design Laboratory (ASDL) and The Space Systems
Design Laboratory (SSDL) are the Major Support Laboratories

Global Product Data Interoperability Summit | 2019

Laboratory
Dr. Dimitri Mavris

Laboratory
Or. Bobby Braun

Dr. Glen Lightsey

Simulation & Modeling

CoDEFacility
Design, Build, Fly L AtGIT and NIA
Air il ™
Transportation Lab Integrated Product Lifecycle Space Center

Engineering Laboratory
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Evolution of Georgia Tech Aerospace Systems Design IPPD Research

during the 1990s

Global Product Data Interoperability Summit | 2019

‘84 - Graduate Rotorcraft Design Program Established Graduate Program
l/ ‘89 - Intro to Concurrent Engineering (CE} & Design for LCC courses +— Development
‘82 - Graduate, CE/IPPD Fixed-Wing Design Program Established w/HASA's USRA 1_
; '!-'I-F:!.?:llﬂ}:';
9‘bE,"lpF'l:',l Focus: Affordable Aerospace Svstems Desien Methodolosy F*mﬁm:
| ln.'l:l:l'l:F'G-:I.'&l.ll:Ill
‘,J B5RSM for Focus: Pionsering Kessarch into Kesponse Surface ‘
sdvanced Iynthesis| hsthodology (REM) for advanced sizing/synthesis ‘9594 Space
Syzremn Thevizn
*{‘I | 'gR Focus: Addressing Economic Uncertainty & L“E‘"rf{ssm'}
Rero+ —| RDS | tiability results in Robust Desien Simulaticl
Structures "¥T-NETL Cemter
I : of Excellence
J ,lf Probabilistic [ig7 Focus: Efficient Remeral
Feasibility AND FPI Probabilistic Analvais 55, Conter for
Viability through Fast Probability Aerezpace Systems
—_— | Intesration (FP Awahysic (CAZA)
« Mor Isitiated
- Morphological FLOPSIMAGE RSE v % nES s
* Pugh Diagram I l 55 Boeinz Award:
GTAENCASA
. Focus: The effects of tech-| Facly Chairim
nologes on Affordability v "“Tl;i'm“
Technology Identification.| 00 GEAF TsaA
Evaluation, 3zlaction k

method /
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Presentation Outline
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 Review of Systems Engineering Fundamentals from the 1960s-70s

e Discuss Integration of Quality/Concurrent Engineering Recomposition
Methods/Tools with Systems Engineering Decomposition Methods/Tools in a
Top Design Decision Support Process for Systems Analysis through
Integrated Product and Process Development (IPPD) in the 1980s-1990s

 Review Development of IPPD through Robust Design Simulation (RDS) in the
1990s-2000s to address the Risk and Uncertainty in Decision-Making

 Review the Establishment of the Integrated Product Life-cycle Engineering
(IPLE) Laboratory for including Product Lifecycle Management (PLM)
Methods/Tools in a Computer Integrated Environment through a Strategic
Alliance with Dassault Systems and Professional Education with Boeing

e Positioning Georgia Tech, through ASDL and SSDL, to become a world
leader in Global Product Data Interoperability through Digital Transformation




Systems Engineering Fundamentals from 1960s-70s

Global Product Data Interoperability Summit | 2019

Process Input

» Customer Needs/Objectves/
Requirements

e Systems Engineering N i
— Environments

activities are illustrated and - Consirints

» Technology Base

System Analysis
and Control
(Balance)

Trade-Off Studies

Identify Functional Reguirements
» Define/Refine Performance and Design b
Constraint Requirements | - Effectiveness Analyses
| = Risk Management
A Requirements Loop | - Configuration Management

| » Interface Management
» Data Management
» Perfromance Measurement
- SEMS
- TFPM
— Technical Reviews

Requirements Analysis
» OQOutput Requirements from Prior

focused in the Systems | Dweemenicr
Engineering Process iterative - S e
flow between Requirements
Analysis, Functional Analysis
and Synthesis

« However, System Analysis
and Control is where Design
Trades and Optimization are
used for Value Based
decision-making but are

often not addressed Related Terms: Process Output

Customer = Organizations responsible for Primary Functions - Developmant Level Depandent

» Analyze Missions and Environments

Functional Analysis/Allocation

+ Decompose to Lower-Level Functions

+ Allocate Performance and Other Limiting Requirements
to All Functional Levels

« Define/Refine Functional Interfaces (Internal/External)

+ Define/Refine/Integrate Functional Architecture

Design Loop

Synthesis

= Transform Architectures (Functional to Physical)

» Define Alternative System Concepts, Configuration
Verification ltems and System Elements

= Select Preferred Product and Process Solutions

« Define/Refine Physical Interfaces (Internal/Extarnal)

Primary Functions = Development, Preduction/Construction, Verification, — Decision Database
Deployment, Cperations, Support, Training, Disposal — System/Configuration ltem
Systems Elements = Hardware, Software, Personnel, Facilities, Data, Material, Architecture
Services, Techniques = Specifications and Baselines
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Systems Engineering Fundamentals from 1960s-70s

Global Product Data Interoperability Summit | 2019

iMeasure progress and effectiveness;

* System Analysis oAl ©)Stems Analysis
through Optimization o i Optimization & Control
& Control should be
based on Value-

Based Decision-

For Value Based
Requirements Loop Decision-Making

Requirements
Analysis

E the system must function.

K .

EUnderstand the requirements and !
 how they affect the way in which 1 / /

Making Desin Loy ¥
» Multi-Attribute Functional e ncionsngway ot
Decision Making Allocation N\ Meets the requirements |
(I\|<I/I'?\n[|)r|\n/| L:;)%I;; ZSS 2 istin Verification Loop Synthesis/
Successful Trade o s |
Studies
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Concurrent Engineering and Its Implementation through IPPD and Its Impact

on Lean Manufacturing and Systems Engineering in the 1980s-1990s

Global Product Data Interoperability Summit | 2019

Top Down Design Decision Support Process Drives Value Based Decision Making

COMPUTER-INTEGRATED ENVIRONMENT

QUALITY
ENGINEERING METHODS

TOP-DOWN DESIGN SYSTEMS
DECISION SUPPORT PROCESS ENGINEERING METHODS

Quality Engineering:

» Provides the Bottom Traditional
Up Re-composition A 7 M&P TOOLS AND —— REQUIREMENTS Systems Engineering:
Approach from On-Line QUALITY FUNCTION THE NEED & FUNCTIONAL « Provides the Top
Quality Statistical Process i} DEPLOYMENT (QFD) | ANALYSIS T Down Decomposition
Control W e} Approach ded
. W pproach neede
+ Is Process Design T DEFINE THE PROBLEM SYSTEM DECOMPOSITION (8) « |s Product Design
Driven _ z I FUNCTIONAL ALLOCATION 5' Driven
. Ca_m provide Robust % ESm_BULESH m * Provides System
Design Assessment a o) Synthesis through
& Optimization, often @ | o Multi-disciplinary
Using experimental Ll ROBESIIDESIGN GENERATE FEASIBLE X . I
g p 8 ASSESSMENT & I ALTERNATIVES 2 SY?J&SAU%LNJSESIS < DeS|gn Opt|m|zat|0n
Ba;ed t'SOIS.th x OPTIMIZATION : i (MDO), often using
» Provides the necessar i
. v e nece 31/: \ CVALUATE gradlen_t based tools
ranslation ot the Voice o ALTERNATIVE * Provides Product
The Customer into Key ] Input for System
Product & Process Requirements ON-LINE QUALITY SYSTEM ANALYSIS P vais o
. _ Req ENGINEERING & | MAKE DECISION 5 Analysis and Control
Using Quality Function SL/;TO'gg'S%AL CONTROL '
Deployment (QFD)

Computer Integrated Environment Provides the Data Exchange as Indicated by Arrows
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The IPPD Methodology Provides the Centerpiece for Advanced Systems

Analysis Trade Studies based on Value-Based Decision Making
Global Product Data Interoperability Summit | 2019

The Figure Below Vertically Represents the Product/System Development Cycle

Process Re-composition Trades

* Should be included initially in
Product/System Trades using QFD

* Biggest leverage can be made
during Component Process Trades

* Reduction in Part/LRU Trades
Should be possible if Product/System
and Component Product & Process
Trades

* .The Development Time line from
Conceptual Design to Manufacturing
Can be greatly reduced through IPPD
» .Other Life Cycle Processes, such
as Operations and Support can also
be greatly reduced by their inclusion
In the IPPD Trade Study Process

COMPONENT
PROCESS
RECOMPOSITION

SYSTEM SYSTEM
PROCESS FUNCTIONAL
DECOMPOSITION

RECOMPOSITION
Process > Product

INTEGRATE

DPRODUCT
PROCESS

DEVELOPMENY

Process | Product
ades Trade;
PART

FUNCTIONAL

RECOMPOSITION DECOMPOSITION
MANUFACTURIN
And Other Life Cyc

PRELIMINAR
DESIGN
PARAMETER

Process

Product
Trades

Trades

DETAIL
DESIGN
TOLERANCE

DETAIL
DESIGN
TOLERANCE

COMPONENT
FUNCTIONAL
DECOMPOSITION .

Product Decomposition Trades

Product Decomposition Trades
* Product/System Trades usually
Start during Conceptual Design;

« Component Trades are
traditionally done During
Preliminary design;

* Part/LRU Trades are usually

done

During Detail/Critical Design

without IPPD Manufacturing

Process trades often results in

redesign Iteration back through the

left side Recomposition Process,
resulting in cost and schedule
delays

Global Product Data Interoperability is a Key for this Computer Integrated Environment

Vw:, AAAAAAAAAAAAAAAA 2019
¥ INTEROPERABILITY
¥ i s UMMIT
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Use a Multi-Attribute Decision Making (MADM) for Down

Selection

Global Product Data Interoperability Summit | 2019

/‘

QFD tool translates | |[—
customer desires e

into engineering =t
factors (Columns of | |kt

" TOPSIS) ) —

A Diameter

g8 0.058288555
& 0.275833561

Characteristics

d i : !
i S H -
i ‘N RN
rGen 0.3 0212653730

23 % so 0270914185 007731674 0.0328266555
01581114557 0.232845158  0.270814185 0.005455588 0.058285555

K Matrix of \

Concepts

Alt ti d

i bl alal TOPSIS Mathematical Method
iterature search

identify concepts ’

for the Rows of

TOPSIS. THE REMKING§ Grade
\ / Titan Il [offthe shelf) 100.0%
Atlas |l 1st stage 95.7 %
3 Titan |l w# new 15t stage and mod Stage 2 engine 52.5%
Other existing missile wf H202 engines 91.4%
Titan Il, M issile w both mod engines 25.3%
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Interactive Reconfigurable Matrix of Alternatives

(IRMA) used for Scoping Intractable Problems

Global Product Data Interoperability Summit | 2019

 The Interactive
Reconfigurable Matrix
of Alternatives helps
scope an intractable
problem space to a
manageable one

e Qualitative method that
often uses quantitative
analyses for multi-
attribute decision
making

 Enumerates all
possible combinations
and their dependencies

B Microsoft Excel - m2temp

X DE HEE S0 SU0 HAQ) SRD doEQ 2w SS2H) dEE HgatuAe T
0EHR G EBVE S BP9 8 2 -3l 3 e 0 ) i Narow AR EESH L2 E
%22 v e
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=Hl

IRMA Takes Morphological Matrix and Makes it Interactive
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An Aircraft IPPD MDAO & MBSE Implementation with Value Based DM: 2000s

Global Product Data Interoperability Summit | 2019

Product PRODUCT DEVELOPMENT MBSE PROCE S5 DEVELOPMENT Process
0 KITeam Cir
Development Requrements Sasaine Venicle TR N UraEing Development
Begi ith ool Iy = i I L " DELMA Begins with Data
. egins wi [RFF] = LMIA . ins wi
Requirgments Ana|ysis Ei;li-l:la‘h.ul?ntn AEGRT? Initial Product Data e 1 : I I u;::: ]w from &rtual Product
To Define the Problem Analysis semen ooy eony oo ||  Processes Data for Manufacturin
Establish the Value ¥ Disciglinary Anabysis (CATIANX) — Processes
» Product Data sent to SO AraEl et | | Suppon procecees - Receives Data
Vlrt;alI Procéllugt Data IE/Ig);t (CATIATHX] S—— o gom Pr%-Vefhlclg
» Selected Concept(s - . NEFPNPEE 1% | Data [Model [ venicie Cperatian esign Config Geom
: Preliminary Desizn | Anzlysis ; * Satety Froo _
Synthesized and Sent for Eﬁg = aiGE Upde= s for Vehicle Assembly
. . AE6IEVAFEIT Characierstics |+ AEG362 .
Prellmlnary Design Y—— Processes: Support
Iteratlon_Through MDAO Airaads & Trim T —— PERTICRM] Proces_ses, Vehicle
* Physics I_3ased | 1Flimﬂi - (TACS) s Design Iteration Loop Operaﬂonsl Safety
Models are integrated into T s Processes; and FAA
u S . .
MDAO w/ Model Center T (aBRGUS) TEaE0T Certification
De5|gn_St_ructure M.atrlx T Coatnavse . U_pd_ates Rewged
» Preliminary Design 1 maTLAB) Analysls Mogels, Preliminary Design
Results sent for Revised 8 Frssumsas ts i G Evan E=A) which feeds LLC and
. . . B aizing TRiERE .
Preliminary Design LT p—— — the Overall Evaluation
m] =] cliom &% 2 . .
- CATIA & SIMULIA (OEC) Criterion (OEC)

"'(#; W @?‘%%LDESE"&E F."‘TT 1‘2 2 0 1 9 GPDIS_2019.ppt | 13



Terminology for a Model and Model Based Engineering

(Laura E. Hart Lockheed Martin, IS&GS, Presented at the Delaware Valley INCOSE Chapter Meetingm July 30, 2015)
Global Product Data Interoperability Summit | 2019

* Model:

— A simplified version of a concept, phenomenon, relationship,
structure or system

— A graphical, mathematical or physical representation
— An abstraction of reality by eliminating unnecessary components

— The objectives of a model include;

* to facilitate understanding
* to aid in decision making, examine 'what if' scenarios
* to explain, control, and predict events

“Model-Based Engineering (MBE): An approach to engineering that uses models as
an integral part of the technical baseline that includes the requirements, analysis,
design, implementation, and verification of a capability, system, and/or product
throughout the acquisition life cycle.”

Final Report, Model-Based Engineering Subcommittee, NDIA, Feb. 2011
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Terminology and Definition for Model Based Systems
Engineering (Laura E. Hart ibid)

Global Product Data Interoperability Summit | 2019

* VIBSE: Model Based Systems Engineering
— Those aspects of MBE specifically associated with SE

— includes behavioral analysis, system architecture, requirement
traceability, performance analysis, simulation, test, etc.

“Model-based systems engineering (MBSE) is the formalized application of
modeling to support system requirements, design, analysis, verification and
validation activities beginning in the conceptual design phase and continuing
throughout development and later life cycle phases.”

INCOSE SE Vision 2020 (INCOSE-TP-2004-004-02, Sep 2007)
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MBSE is Intended to Provide Life Cycle Support

Global Product Data Interoperability Summit | 2019 (Laura E. Hart |b|d)

MBSE Focus

* Formalizes the practice of Life Cycle Support

systems development through the use

System g Operations
of models Concept ) Inavelopment/ | Production ) 1 g'symnort

e Broad in scope

— Includes multiple modeling ...._’*‘\""l‘ - S
domains across life cycle g e ‘%fi:. — Bl
e ,-';“/j \.\hﬁi pe \'ll
from SOS to component \ o’ L y,
i = E=isisisas ~
s - =l = ;E._b__—zir____,.,—-"'

¢ Results in quality/productivity
improvements & lower risk

— Rigor and precision

Vertical Integration

— Communications among
development team and customer

— Management of complexity
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Concept of An Integrated MBE/MBSE Environment

Global Product Data Interoperability Summit | 2019

/ Pruduct Support \

S Customet |
Peclficatlo“ W
0 S]rstem Architectural /\?

 Analytical Models e e =

F s F_-;.r .“-. = S ; ..\..‘-
: J\I‘ | \: % LE}—“ F “ |
K:)U(s]‘?ﬁqs}—i j%? | '

ey

'i.reriﬁcation Modei's;
P ™ '

Performance, RMA,
SWaP, Cost, etc.

Manufacturing | "

17
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Key Stakeholders Must be Identified for Participation
Global Product Data Interoperability Summit | 2019 I n SySte m ACq U ISItI O n

Stakeholders Involved in System
guisition

Developers/
Customers Integrators

Project
Managers

X

Regulators Testers

Modeling Needed to Improve Communications across all Stakeholders
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Current Approach: Use Civil Aircraft and Systems Development Process with

Integral Processes for Development Assurance Value Based Acquisition

Global Product Data Interoperability Summit | 2019

YNVEYN

What

» Civil Aviation Development

and Certification Stanplards Igtl.?ggt:i Funciion, Falles System
are based on worldwide Function & Safety Design
Information Information

Safety Assessment Process
Guidelines & Methods

(ARP 4761)

on-going updates
» As illustrated in the Figure
Development and Safety

consensus with Continuous
L Aircraft &

System Development
Processes

(ARP 4754 | ED-79)

Safety Assessment of Aircraft in
Commercial Service
(ARP 5150 / 5151)

Functional
System

Assessment are closely '
Coupled.

B

» Also, software and
electronic hardware have
recently been integrated with

Gui

delines for Integrated
Modular Avionics
(DO-297/ED-124)

Integrated Modular Avionics I
 Global Product Data y

L

Interoperability is essential| _ Electronic Hardware

.o .. . Development Life-Cycle
for Civil Aviation worldwide [DQ?254,’ED-30¥

Software Development
Life-Cycle
(DO-178B/ED-12B)

Vw:, AAAAAAAAAAAAAAAA 2019
¥ INTEROPERABILITY
¥ i s UMMIT

Development Phase

- Operation

Why

 The Functional Safety Management approach for
Civil Transport Aircraft represents the “Holy Grail” for
civil aircraft safety certification of all aircraft types

* The inclusion of Integrated Modular Avionics (IMA),
DO-297, provides a new model for integrated software
certification for other aircraft, both civil, military and UAS
* Global Product Data Interoperability is essential
for IMA Certification

In-Service/Operational Phase
GPDIS_2019.ppt | 19



The Simplified ARP 4754A Civil Aircraft and Systems Development Process in

the Figure Below

Global Product Data Interoperability Summit | 2019

Production/
Operation

Production,
test &

operation data

\_/f\

Concept Development

Function [ Architecture | Design Implementation [

A

"‘%F;W ;&?‘%“&E&Eﬁéﬁ F.“TT 13_ 2 0 1 9 GPDIS_2019.ppt | 20



ARP 4754A Civil Aircraft and System Development Process Model including
Integral Processes

Global Product Data Interoperability Summit | 2019

- 5.1 SAFETY ASSESSMENT |
| - 5.2 DEVELOPMENT ASSURANCE LEVEL ASSIGNMENT |
- 5.3 REQUIREMENTS CAPTURE
| - 5.4 REQUIREMENTS VALIDATION |
PLANNING - 5.6 CONFIGURATION MANAGEMENT
3.0 | - 5.7 PROCESS ASSURANCE |
| - 5.8 CERTIFICATION & REGULATORY AUTHORITY COORDINATION
AIRCRAET/SYSTEM | 5.5 IMPLEMENTATION VERIFICATION |
4.0
| r
| | arcrarT arcrarr [ | oeveorment | GGl SvsTEM | DATAS
DEVELOPMENT FUNCTIONS TO ARCHITECTURE REQUIREMENTS IMPLEMENTATION |_’ DOCUMENTATION
SYSTEMS TO ITEMS
| 4.2 4.3 4.4 4.5 4.6 I
I—- - I " - I T - I L - I L - I " - I - - I - - I - I I d
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The Functional Safety Management (FSM) Integral Safety Assessment for

Commercial Transport Aircraft (Part 25) is lllustrated Below

Global Product Data Interoperability Summit | 2019

System Development Process (ARP 4754A)

Aircraft Allocation of Ll Development k> Allocation of
Level Aircraft of S gtem Requirements System
Require- [« Functions {0 |« Y to Hardware & Implementation
Architecture
ments Systems Software
A . 4 A _ » ) Final
ircraft Fail System Fail Conditions, ltem Implement-
Functionsy Conditions, Functions Effects, Require- atign
Effects, Classification, ments
Classification, Safety
Safety Objectives, =
Objectives Architecture 0
Requirements -
. 4 ¥ L 4 8
=
= 6
Safety Assessment Process (ARP 4761) 3
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ARP 4754A Civil Aircraft & Systems Development Integral Processes

Global Product Data Interoperability Summit | 2019

*  Please refer to ARP4754A Section 5 for further descriptions and information.

5.1 Safety Assessment 1 ——
r System Safety
e 5.2 Development Assur. Level g
Assignments
W 5.3 Requirements Capture
(MENN 5.4 Requirements Validation
e 5.5 Implementation _
Verification
e 5.6 Configuration
Management

- Systems Engineering

5.8 Certification & Regul.
Authority Coordination
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ARP 4754A Civil Aircraft and Systems Development Vee Diagram

i : 1 i ;
I H i ! [

AIRCRAFT |1 TEM | i TeM i SYSTEM '  AIRCRAFT
REGUIREMENTS |! REQUIREMENTS (| MEMDESiGN |1 . -
REQUIREMENTS | o colill 1| VERIFICATION |i| VERIFICATION |i| VERIFICATION

FE L A1TAAS ABTA A% I 55 [

Alreralt FHA

PASA

|
|
l

Taop Down
Satety
Reguiramenis
Development &

Waligation

- I

Bottom Up
Safely
Fequirements
Varificaton
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Proposed Development Assurance Value Based Acquisition (DAVBA)

Technical Approach for Future Vertical Lift (FVL)

Global Product Data Interoperability Summit | 2019

» Take the Georgia Tech Integrated Product and Process Development (IPPD) through
Robust Design Simulation (RDS) approach to provide a DAVBA Airworthiness
Qualification and Specification Compliance Environment

 Build off of the Civil Aircraft Consensus Best Practices as identified in SAE ARP
4754A and apply them where applicable for the DAVBA Virtual Stochastic
Prototyping (VSP) using the Dassault Systemes RFLP and PCC MBE methods

* Develop DAVBA Environment in two new ADSs with VSP of baseline FVL medium
aircraft, e.g. UH-60M & notional advanced FVL medium aircraft concepts

* Provide the two new Draft ADSs as Deliverables for Consensus Building among the
Vertical Lift community




Example of Value Based Decision Decision Making Approach Using MBSE

Global Product Data Interoperability Summit | 2019

— p—
%% 2015 NRTC Year End Review %

NRTC

L

- Project Title: Development Assurance Value-Based Acquisition (DAVBA) Approach for
Airworthiness Qualification and Specification Compliance

* Project Number: NRTC-FY15-W-01

- Principal Investigator: Daniel P. Schrage
School of AE, Georgia Tech
P.(404) 395-4456 F.(404) 894-2760
Daniel.Schrage@ae.gatech.edu

+ Team Members: University of Alabama at Huntsville
Clausewitz Technology
Dassault Systemes Government Solutions

This research was partially funded by the Government under Agreement Mo. W15QKN-10-3-0003. The U.5. Government is
authorized to reproduce and distribute reprints for Government purposes notwithstanding any copyright notation thereon.

The views and conclusions contained in this document are those of the authors and should not be interpreted as representing
the official policies, either expressed or implied, of the U.5. Government.

DISTRIBUTION STATEMENT A Approved for public release; distribution is unlimited.
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Why iIs a New Army Aircraft Aeronautical Design Standard (ADS) Based

on a DAVBA MBSE Approach Required?

Global Product Data Interoperability Summit | 2019

« Military Safety and Airworthiness Qualification standards provide a traditional
Qualification Assurance approach, e.g. at the end of development, rather than a
Development Assurance Level (DAL) at the beginning of Aircraft Development

*  Cyber Physical \ehicle Systems (CPVS) require Co-Design of Cyber and
Physical Systems which requires aircraft guidance for implementing a next
generation Integrated Modular Avionics (IMA) standard which includes
Reconfiguration and Multi-core processors Certification

* No equivalent to ARP 4754A exists in the military standards; last update of
military airworthiness qualification was ADS-51-HDBK in 1996

e Contiguous Example required for explicit description on how to apply the DAL
Approach from Aircraft Functional Development Assurance Level(FDAL) to
Software/Hardware Item Development Assurance Level (IDAL)
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Transfer of Civil Aircraft Best Practice Guidelines to Military Aircraft

Global Product Data Interoperability Summit | 2019

Civil Aircraft Development

Safety Avsessment Process
Gindsleas L Malhods
(ARP 4761)

inberehed
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ARP 4754A Development Assurance Approach
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Development Assurance level (DAL) for functions, item of
equipment, item of software.

#» The DAL 1s the means for prescribing the measures to be taken in order to avoid errors
during the development of onboard functions systems and items.

» The DAL definition and the allocation process 1s described in SAE ARP 4754A document
# DAL i1s determined using the Safety/Reliability Assessment Process,

» The quality procedures to apply for the development of a function or an item depend on the

DAL associated to this item. These quality procedures for the onboard systems are given mn:

v ARP 4754 A/ED 19A for functions. systems. equipment development.
v DO 178 B/ ED 78B for software design.
v DO 254 / ED 80 for electronic hardware design.

v' Aircraft manufacturer/equipment suppliers internal documentation for
development and design.

-
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Transfer from Deterministic Virtual Prototyping to Stochastic Virtual

Prototyping
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Proposed Notional Vee Diagram Layout for FVL DAVBA Approach
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Value Based Acquisition (VBA) Approach
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DAVBAMetric = SystemEffectiveness/ LCC
a(AMaﬂ) + ﬁ(CPerf) + §(DSysReI+Surv)

H(RDTE+PC+0&S+DC)
Aoper= e Cpop = MCI* = Payload yoq; *(BlockSpeed )
7 MTBE-MTTR- ALDT WEmpzy 4 WFueE

e

(FDAL) + Survivability (1 =Py * P, *Py )
¢oLCC = ¢, RDTE + ¢, PC + ¢; O&S + ¢, DC

* a,p,d,are system effectiveness weighting variables determined
by user-developer consensus

* @, , 3 4 are life cycle cost weighting variables determined
by user-developer consensus

» The quantitative VBD/A model when defined, analyzed and optimized through
Virtual Stochastic Prototyping (VSP) can become the basis for contracting

Dsafety + sury = Functional Development Assurance Level
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Model-Based Systems Engineering (MBSE) Approach for DAVBA
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Model Based Systems Engineering (MBSE) Implementation in DS Isight
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DAVBA Proof of Concepts Results for UH-60M Upgrades and

Proposed FVL Approach
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>

Value Driven Cost Capability Anal%sis Now Required for DoD Major

Weapon System
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ecision-Making

» Cost and Schedule over runs and lack of achievement in performance objectives for large
complex defense systems has led to the need for required Cost Capability Analysis (CCA)
* U.S. Air Force Material Command (AFMC) has introduced CCA, applied it to Pilot
Projects, and now require it at all critical milestones. AFMC additional CCA initiatives:
 Air Force Life Cycle Management Center (AFLCMC) has established a Standard
Process for CCA
 Air Force Institute of Technology (AFIT) has established a CCA Certificate Program in
the Graduate School of Engineering and Management
* The U.S. Army Aviation Development Directorate awarded a one year VLC NRTC S&T
contract to Georgia Tech, entitled: A Development Assurance Value Based Acquisition
(DAVBA) Approach for Airworthiness Qualification and Specification Compliance. It included
two key elements:
» Development of a Draft Aeronautical Design Standard (ADS) entitled: Military Aircraft
& Systerrr\]s Development Assurance and Value Based Acquisition, which calls for a CCA
approac
* Development of a CCA example for the Draft ADS applying the DAVBA approach to
the UH-60M as a FVVL Baseline
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What is Cost Capability Analysis

(Defensed Acquisition Guide — Systems Engineering, 2016)
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* A Cost Capability Analysis (CCA) is an analytical tool used by Program Management
to examine cost and military utility. It allows for better understanding and decision
making of the effects of requirements on cost and capability. The purpose of a CCA
IS to support delivery of cost-effective solutions through deliberate trade-off analysis
between operational capability and affordability.

o A CCA uses Multi-Objective Decision Analysis (MODA) that results in a trade space
between cost and warfighting capabilities. The MODA utilizes an attribute hierarchy
to assign a value score to each alternative. Alternatives then are compared based on
the requirement attribute score and cost to determine which are most efficient (i.e.,
provide greatest performance for the cost, or lowest cost for given performance).
Once these efficient alternatives are identified, it’s up to the Program Managetr,
working with the stakeholders, to decide the proper trade-off between cost and
performance on the efficient alternatives.




DEFENSE ACQUISITION GUIDEBOOK Example
Chapter 3 -- Affordability and Life-Cycle Resource Estimates

3.3.3.7. Analgsis of Alternatives (AoA) Study Plan—Cost-Effectiveness Comparisons
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Notional Cost-Effectiveness Analysis:
Display of Results

Rectanglee indicate upper and lower bounde of
sensitivity analyses (or bounds for distrioution of
results from stochastic models)
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https://acc.dau.mil/docs2/dagfigures/chapter3/Figure.3.3.3.7.F1.pptx
https://acc.dau.mil/docs2/dagfigures/chapter3/Figure.3.3.3.7.F1.pptx

Global Product Data Interop Ai r FO rce Mate riEI Com ma nd

Cost Capability
Policy Update
DRAFT

Mr. Harry Conley
HQ AFMC/ASC
25 March 14

One Team Delivering Capabilities to Fly, Fight & Win... Today & Tomorrow
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When to Perform Cost Capability Analysis?
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When to Perform It?

« Start early!

— Works best when used at the earliest point before the ICD

is developed to understand what the realm of the possible
is; then throughout Life Cycle

Capability

Based P
Assessment
<>’ wa /N m PO oss

MDD NS A us g NS <

| Sponsor Activity  [_] JCIDS Document  /\ Acquisiton Decision

« Reported at AFROC for AoA final report, Capability
Development Document (CDD) and Capability
Production Document (CPD)
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When to Perform Cost Capability Analysis?
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Cost Capability Analysis
Decision Framework

ey

R

Key Question

:
oLITS

What are the affordable and viable military concepts to mitigating the identified capability gap? Does the AcA Study Plan
AFROC adequately describe the methodology for estimating the life oyde costs and operational effectiveness of the potential
concepts identified in the study puidance to dose the gap dentified in the ICD?

AFROC Does the preferred solution provide the maximum military utility for cost within affordability constraints. Do the EPPs and
KSAs reflect life-cycle trades between cost, schedule and performance resulting in the maximized millitary utility within the
affordability constraints? For each KPP and KSA, what are the cost and operational impacts and resulting military utility to
MDA accepting a lower threshold value? Does the acguisition strategy reflect maximizing military utility?

Can you validate the preferred solution provides the maximum military utility for cost within affordability constraints. Do
the KPPs and K5As reflect life-cycle trades between cost, schedule and performance resulting in the maximized military
utility within the affordability constraints? For each KPP and K5A, what are the cost and operational impacts and resulting
MDA miliary utility to accepting a lower threshold value? Does the aoquisition strategy reflect maximizing military utility?

Harve changes to the program baseline been assessed to ensure the maximum military utility for cost within affordability
MDA constraimts? If so, what trades were made to armrive at those values and what are the cost, schedule, technical, and
operational implications?

" Final decision maker, ofher reviews may ooour prior to final decislon, Le. AFRRG RER for AF)

B Plew P ol leleloe

’gb@cﬂ@oolo @bo EE
E
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|_essons Learned Cost/Capability Pilot Program
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Cost/Capability Pilot Programs
- What We’re Learning

- Trial programs for developing the analysis and capturing lessons
learned:
Advanced Pilot Training (T-X)
Presidential Aircraft Recapitalization (PAR)
Ground-Based Strategic Deterrence (GBSD)
Global Aircrew Strategic Network Terminal (Global ASNT)

Three-Dimensional Expeditionary Long Range Radar (3DELRR)
F-15 Eagle Passive/Active Warning and Survivability System (EPAWSS)

— No formal cost/capability process existed
— Difficult to define military value/worth of a proposed capability
* Must define military value before trades can be evaluated
— Multi-disciplined team approach needed
+ Requirement owner/warfighter, PM, EN, cost analyst, ops research

+ Requires tight coupling of engineering and cost functions within the program
office

— Depicting results of analysis more difficult than expected
— Industry analysis provided valuable insights to decisions

— Cost capability methodology should be started in Development Planning (DP) and
Analysis of Alternatives (AoA) timeframe and used throughout lifecycle
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Results of a USAF Pilot Project on Application of CCA
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Materiel Solution
Analysis

Technology Development /aﬁluineegzgei:l;rﬂmurin e
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AFMC Pilot Programs for progressive CCA Development and

Evaluation

Global Product Data Interoperability Summit | 2019
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g Can we afford fo fill a What alternatives exist to Are there cost/ schedule / requirements trades to meet
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e g Materiel Concept Definition (CCTD — |ﬂ itial
§5| fovoeen || ConceptCrasceranon || oo [ Sonremasmen e [ proau
o ® | conceptis) and Technical Description - 2fht Basellne
e » Capability Attributes - System Attributes » Prototypes inform design & requirements DT&E Technical
F g = AoA Measures of Effectiveness = Final KPP values in CDD Performance
”g = Initial KPP values = System Requirements Document finalized Measures results
2 included in CPD

o l'; Sy gy ¥ ey | A . .
1 ¥ 4 * & 1] ] 1 a =
Initial Capabilities AchA Results with Rgmts
Document (ICD) Correlation Table (RCT)

- -

AFMC pilot programs are implementing cost-capability process
tailored to each program’s phase and specific needs
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Ildentifying the Next Steps for Integrating GPDI into MBE and MBSE
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* Build off recent inclusions of GPDI in MBSE, such as Boeing is doing with
Its movement from the traditional Vee Diagram to a Diamond Diagram to
capture the Digital Twin

e Recruit Industry-Government-Academia Stakeholders for creating a
GPDI/MBE/MBSE Research and Education Consortium based on enhancing
Civil Aircraft and Systems Development Guidelines for Development
Assurance and Value-Based Decision-Making for other applications

 The Georgia Tech Graduate Program in Aerospace Engineering has the
expertise, experience and resources to lead such a Consortium Effort

 Would be glad to work with Industry-Government and Academia pursuing
this Partnership
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