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PROGRAM OVERVIEWS N

AN
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Program Characteristics

¥

Extend life and improve functionality of Design a system for an uncertain
Program Need . .
existing system future
Lifecycle Phase Development - Production Concept Study - Feasibility Study
Willingness to tr¥ new Low Medium-High
processes/techniques
Customer Risk Tolerance Very Low Low

Format of Design
Artifacts

Model-based to create required

Document-based with supporting models Document deliverables

Improved communication between Design
Teams and Production Teams (MBD),
Improved Internal Communication (MBSE)

Customer Expectations
for Digital Engineering

Build on the baseline created by
Program A




COMMON TERMINOLOGY Descriptive Mode

/

s Analytical Modeling

/

= DIGITAL
= APPROACHES

Visualization
Efnnnn

Digital Engineering is an integrated Parent Design
digital approach that uses authoritative
sources of system data and models as
a continuum across disciplines to
support lifecycle activities from concept e

SOURCES OF il
SYSTEM DATA -

L

Child Design Sources

. g Sources
through disposal
INTEGRATION Site-specific
ACROSS Integration
DISCIPLINES,

|_| FECYCLE — Program Integration

Enterprise Integration

Decompose the definition of digital engineering for our application
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COMMON TERMINOLOGY FROM ANOTHER PERSPECTIVE

= Digital Engineering
is a complex
puzzle to solve

Parent Design Sources

SOURCES OF
SYSTEM DATA

System Design Sources
= You cant solve a

puzzle by only
moving some of

Child Design Sources

Programmatic/Planning Sources

the pieces D,
>
‘55‘3 "‘.{,ﬁ
‘?1:.!;_4:‘ <& -..f;:’? = %d}#‘?ﬂ-* %%’*%
7 & %,
LUy INTEGRATION
= = DIGITAL ACROSS
= = APPROACHES DISCIPLINES,
LIFECYCLE




COMMON TERMINOLOGY:

= DIGITAL
= APPROACHES

Descriptive Modeling

Captures logical relationships and interconnections
between data used to identify a shared
understanding of information.

— Information

Analytical Modeling

Existing Information ——»

Relates existing information using mathematical
relationships to support quantifiable analysis to
produce new information

— P New Information

Visualization

Information —————»|

Provides a method to represent a subset of
information from a specific viewpoint in an easily
consumable format or display.

— Display




SOURCES OF

COMMON TERMINOLOGY: S o

Parent Design Sources

Programmatic/Planning Design Sources

Source for all programmatic information about the work that
is expected, not the technical needs of the system

Information is managed by a higher-level entity such as the
customer or external system stakeholder

Data, Edit Storage of
Svstem Desian Sources Information, SEHITEE Location Approved
y 9 and Artifacts SR (Source) Release
Information about the system-of-interest that is owned and Source P t Desi DOORS PDMLink
managed by the team Requirements ' o " -oodn Next n

System
’ Functional System Design GEI\éESY PDMLink

Architecture

Child Design Sources

Component

) ) Verification Child Design CENESY PRIME
Information managed by the team intended to Architecture S
define/constrain lower-level design teams
Program Programmatic/ P6 NA

Schedule Planning




INTEGRATION
ACROSS
DISCIPLINES,
LIFECYCLE

COMMON TERMINOLOGY: @

* Enterprise Integration
* Provide DE capabilities across the enterprise

 Recommend guidance to accelerate DE
Implementations

O
* Program Integration ©

* |dentify program expectations for DE
Implementation

* Site-Specific Integration
* Provide site-specific capabilities

* |dentify internal expectations for DE
Implementation

* Implement DE




DIGITAL ENGINEERING EXPECTATIONS FOR EACH PROGRAM

Program B

Program A

@
Digital
Capabilities

v

Program
Expectations

=

Internal
Expectations




DIGITAL ENGINEERING EXPECTATIONS FOR EACH PROGRAM
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HOW DO WE MATURE DIGITAL ENGINEERING SYSTEMATICALLY?

Understand DE )
expectations and
current maturity of
our capabilities/

systems of interest

Define targets to
meet expectations
within program and
capability
constraints

A\

|dentify pilot
projects to close
the gaps between
current and target
DE maturity

Levers

AN

N

AN

Develop capabilities
and resources that
meet/exceed
expectations and
could be reused

The Joint MBSE and MBE Maturity Matrices allow an entity to assess their DE maturity, set targets
based on expectations, and identify efforts to close gaps and mature capabilities.

»

N\




MBSE MATURITY MATRIX VERSION 1.0

AN
N\

m

AN

Assessment Identifier (AID): Organization under assessment (OUA): Description of Environment: Assessor: Assessment Date: Target Date/Event:  |Version of Assessment:
[organizationally unique identifier] [whenimplemented] [wersion]
Joint MBSE Maturity Matrix V1.0 AS1S Level TO-BE Level Assessor comments below. \
Do 2 d Mod orma d dated egrated ended
ol = Capability: Readiness: Adoption: Target:
Maturity Level Name = odel-Ba o odel-Based odel-Based odel-Based Tools are | Processes are | People are To-be POC Comment
Auailable? Feady? Uzing? Ilaturity

Categories (e.g., C1) evel # Transition: As maturity 0 A

LTopics (e.g., T3)
L—Facets (e.g., F2)

Description: How the
organization ...

increases, the
organization's ...

C1: Model Based Systems
Engi ing (MBSE) (DA ONLY)

C3: Production Integration and
Testing (PA ONLY)

Uses models to define all
aspects of system
requirements, behaviar,

hardware, and Wi

Uses digital enginesring
data to manufacture, test

and V&N product definition

requirements

utilization of a system madel
ta drive digital engineering

Utilization of digital
engineering data infarms
decisionz and drives
increased lifecycle
effizisncies

Documents used for all
SE activities

Recreation of models
based on releazed static
documents

Documents used for all
Production and Testing
activities

Descriptive model used
to aid some SE activities

Getting data directly
fram Systems
Engineering tools

Digital emgireering data
uzedta aid some
Production and Testing
activities

Select areas of
dezcriptive model
content are reviewed
and authorized

Standard method
dewveloped and
implemented

Select digital
engineering data
content is reviewed and
autharized into business
data streams

Defined processes

suppart descriptive

model usage for SE
activities

Defined site specific and|
federal processes
SLppOIt systems
engineering data
sharing between sites

Defined processes
support digital
engineering data usage
far Praduction and
Testing activities

Descriptive model
permizzions, confidence
in madelers, and peer
review

Model bazed processes
uzed to ensure systems
engineering data was
imported inta
requirements
management carectly

Confidence in digital
engineering data format,|
outputs, and usage

Descriptive model
utilizes relationships
between architectures
and ather madels

Systems engineering
data tools are integrated
COMMURicating
consistent information

Digital enginesring data
utilizes relationships with|
other software for a
connected digital thread|

Descriptive model
institutionalized and
accessible acrozs the
enterprise

N/A

Butharized single

source of systems

engineering data
across the enterprise

Digital engineering
data iz institutionalize
and accessible across

the enterprise

N/A N/A

N/A | N/A

N/A | N/A

Document-

Centric
Systems

0
Movement across 'AEI

the Maturity Matrix

Model-Centric
Systems

L1

ed Model

Centric
Systems

L2

Formalized

Validated

Integrated

Extended

Model-Based | Model-Based | Model-Based | Model-Based

Systems

L3

Systems

L4

D
>

Systems

L5 L6

Enterprise
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IDENTIFYING DIGITAL ENGINEERING OBJECTIVES

All areas of the DE Ecosystem are
matured as identified by internal
expectations

The focus for a program is placed
on the areas identified by the
program expectations

Use cases are developed to
identify capabilities and
integrations to prioritize efforts

D E

MODEL BASED ANALYSIS
MBA

Using computational models, integrated with
other model-based techniques, to analyze and
inform design, testing, production and
sustainment decisions

MODEL BASED PRODUCTION MODEL BASED DEFINITION

The approach of using authoritative models as
the source of truth for defining production
activities and ensuring production-related
requirements are fed back into other model
based scope

NUCLEAR DETERRENCE DATA,

MODELS,

The application of model-based technologies to
Systems Engineering activities such as
requirements analysis, functional analysis, and
allocation to physical components, system
architecture specification, and verification and
validation.

ECOSYSTEM

MODEL BASED
TESTING &

Using model-based techniques in the testing
and experimentation part of the design process

The systematic use of models to capture the
design, architecture, and implementation that
can be verified and validated to meet
requirements through common framework
(thread) throughout the design process

MODEL BASED SYSTEMS
ENGINEERING

The application of model-based technologies to
Systems Engineering activities such as
requirements analysis, functional analysis, and
allocation to physical components, system
architecture specification, and verification and
validation.
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DIGITAL ENGINEERING OBJECTIVES

Dashboards:
Graphical Reports

Model-Based

Model-Based

Systems Engineering:
System Level

Authoritative
Source of Test and
Analysis Data

Multiphysics Model-
Based Design:
SOLSTICE

Model-Based
Systems Engineering:
Component Level

Definition: Assembly
Level

Visualization:
Virtual and
Augmented Reality

Model-Based
Definition:
Component Level

——— ]

r N\
View Legend: -
Exploratory Capability
N Implemented Expectation -
DE Capability X - - DE Capability Y
First Implementation
Sandia Digital
Engineering Capabilities
/

14
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REQUIREMENTS ADAPTER DEVELOPMENT
Program A Program B

N\

dxI.ReqID (Object ID) name Requirement Identifier Requirement Identifie puid
Reg Name par}a@r\aphTitIe Requirement Name Name / / name
Object Text descﬁptbn\ Requirement Text Primary Text description
Rationale rational\e\ Rationale Rationale rationale
type Requirement Type —{Requirement Typ€ type
(Relationshﬁs)\Requirement (Relationship) Requirement Requirement Qfwner (Relationship) Requirement
Verifier/Stakeholder Owner Owner Owner
Stakeholders (Relationship) Qtakeholder StakeholdersTem Stakeholder/s (Relationship) Stakeholder

: Lessons
Consistent Learned

Data
Capability

Program '
-1 Complete

DOORS Increased o Aloha and
Classic Capability Capability pBeta

Adapter Trust Testing

15




SCALABLE MODEL OF MBSE IMPLEMENTATION

Descriptive K
Modeling Future
programs
_ _ N expand existing
generalization of generalization of ] generalization of mOdel
Di‘gital Model-Based Model-Based
implemented by implemented by implemented by implemented by implemented by I m p I eme nt new Deve I O p new
capabilities to capabilities to
DOORS Classic DOORS Mext CRED GEMESYS MagicDraw bette r m eet m eet n eW
i B i &B i &B B Cxpectations expectations
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[Milestones Exclusively Outside DE Scope/Control ]

IT
&
PDMLink

PA Access to
DA PDM

IT
&
PDMLink

CM Workflow
Located in PDM

T
&
FOMLink

Windchil 12
Lraployed

Jul 2027

pﬂj Tools | Pregram A MED Capabllity Avalable

PRT Eary Adoplers OMLY

@j (Capability & Lisitations HOT Verified)
Apr 2022 .

,ﬁcreu l
i MED !
| Model ,
Creo &

10 Tag Plugin
e emed
from KCHSC

MEBD Team

AER Releassd
Authonzes 50 for

HD Devalopment

Hire MBD
Team Staff
3 Ergt

T Desigrar
2 Sal Auch

an SRN _J

MED Initial MBD ﬁcreo
Authorized | Qual Plan MED
for ML Genisralid
Froduction J POSASTOA Model

Stakehpldar
Edhscation

o

NMBLD ROADMAP @&

Sep 2023

Jun 2025

SYETEM
Milestone

L.
Mar 2023 D

Jun 3073
3 Anark 30V
Template
Updatad for Trainmng
MO & Job Aids

MBPC Tools
Plugin Auwilabie
an SCH

Crec MEBD Config
Upslisbend Tor MO

Irvastigated
Jun J0Z3

[]

CRITICAL MBD

Dec 2023 |:|
i

Training Available: Mar 2024 program A MBD Capabiity Ready EI
STEP File MBED Tools ) |dentifed Fing Capailty e 2024
. ; Process Updated: | STEP Flle e & Limilafians for. MBD CAD Modeling MED
STEFP File Validalion Qusality Prossesse j - Piace Par SDS Released | futhorized
POMLink MED — - Ing. Assy 15 Suppart N | orpiD
Workllows - Sap, Asgy Piaductan §_Froducton
. RN & SCH )
D = MILIAY & IPL
f__'\D
VBVEC 03[ MBD S0 mMBD AN MBD vavec sos| MBD
Rebonsed | pthorized | Supplementall o g rized Training Released | austhorized
1o Suppart ML fr MO Documents ) per ND Avadabls 1o Supipart MO Tor MWD
Drvalopment | Production Fnalized |, Production Prewduchian & Producton

Shakehinldar
Education
Malenals
Generaled

[

——
Adoption
&
Gutreach

L] []

A0 is - STEFFia 5 00 & STEF File MED
Walidabed I qunmmrnl; ane Gertiied 3DV 505 Released Authorized
“"'J SADIKY & & within FDOMLink o Support HD tor NDY

. FDMLink Produchon Eroducion

Mar 2025

Sep 023

Stakenoldarg SH STEP 305"
Educated Refreshed &
Released

D to Suppor MED &
HD Production

LEGEND

COMP/SYST

Milestone

e

MBD

| Authorized for
ND

Production

~—

Milestones related to
documentation ensuring MBD may
be used for ND Lifecycle including
Production, Acceptance, &

Qualification.

Milestones denoting significant
Weapon Program dates.

( - )
Adoption

&
Outreach

S

e
gaicren
MBD

Model

——/

Milestones related to MBD
adoption and outreach activities
which are critical for MBD/MBE
success.

Milestones related to deployment of
Creo MBD 3D CAD Models which
contain Combination States, 3D
Annotations and Semantic PMI.

3DIV
&

STEP File

———/

CADIQ
&

Certified
MBD

Milestones related to deployment of
3DIV definition (AY/IPL/ME) and
STEP File Support Models (SH).

Milestones related to deployment of
Certified 3DIVs and STEP Files
using CADIQ and V&V Workflows.

- Milestones related to deployment of fF =N
:jg'r“ca'}j‘c‘a’:; Part-Centric Digital Part Objects I | Critcal Activities
Established | linked to MBD artifacts (commonly Milestone

Upon PDMLink Performed First

Check In

referred to a “WT Parts” or “SNL
Parts”).

Milestones related to deployment of
IT and PDMLink functionality to ensure .“'"""". Dependent on
MBD can be created, Certified, * Prior Milestones

f?

& configuration managed, released, and : Mllesmne: Outside DE
PDMLink ) accessed by ND partners through - * Scope/Control
N’ appropriate access controls. CP— P

STATUS: WIP
LAST UPDATED: April 27, 2023



[Milestones Exclusively Outside DE Scope/Control ]

T I CM Workflow
& & Located in PDM
PDMLink PDMLink

PA Access to
DA PDM

MBD ROADI\/IAPQ

an 2023 Sep 2023 4 2025 War 2025 Jun 2027
SYSTEM Componant
Milestone) Milestone
B0 CAD Wocelng [ 11BD
505 Reloased | pharized
Jul 2022 o Sugpart MO $&p 2026
2D Toaie) Froaram A MED Capabllty Avadably Devsome | Predctn WED Tooks :‘Wmﬂ’m
= |PRT Eary Adrplers ONLY D Py Enﬁmm P
. |_| k@j |Gapabiity & Limitations
CRINCAL MBD - D Dec 20 |_ NOTVerifed)
Do 2022 faran 5. Traing Avalabe: : 202 program A WD Capasly Ready D = - CRITCAL WED SEEEES D
icreo | HEPC Teos Anark 301V — WBD Toole I Fid Cigsilty Dee 2024 [~ F Traning Updte | | |
VD | TI*’”‘“?"?‘I ) Process Updated: | STEPFile %\ & Liniafions, for 120 cAD Wedsing [ MBD Tariplata - Lepaniey A I MBD | Future Notional [ MED
Model | oo iy g sty Processes k) * Péck P $DS Relessed | Authorized Upaite | Loty I Model $08 Retsased | Ruthorized
. - ol !:;x: 1oy Sigpart WD | for ~Cepabilfy C bemm - o Suppart HD | farhD)
Workflows - y " P Prodiction
v LSRN R SCH Productian | Preducton Creo X Erodychon | Prodution ,
<MLIAY & IPL r Dapioyed
NBPC Toots Sep 2022 D M Sep ME'D [ im0l Hew Tool i
WhaPan et " urews0  (MBD |kl ED (@ creo | neee oo vavec 503 MED 50§ vavacsos[ MBD <5 Hire MED prng | CAPRINY Tack:
Recened i ual i ’ ' Reereed Supplaments] 1 MBD Flign Avaiite Al Nan .
from KCHSK U ] Team Staff | authorized " Mep | Phon Al Refeased| futhorized Training Released | authorized - Training -
7 waD Taam | FE forp | Generalied i on 8CN o Suppart | - forhi Documents Available 1o Suppart WD | forbD ", Uocumerts \ndated | TENIND
wowgn | g Jposagtnr | Mode = Devhpeneat | Preccton Finalized i Prodickn L Precelion odal | epablity Confy Firglzsd PR i von s
7636 Aith hayckon Upcated for HU —
Crea MED Canfig o
Upchiateed Tt WY
Notional ONLY
:
DIV SDS Released [ epatiold
g Stakpholar oV MBD Adaption | Stehiler Hew L
o Suponrt HO Educafin Dewnahifting 0N 800 Rbomand (o PEOM | ucanon New | Capabity : M Jmcasiy
Deseiopment Waads o P A fo Sugpart WD [EEEE -y Capably P 3 LR
— Exkliihad Link e Produrion | ypen " : AOMLin | POMLink
Auurizes SOS far Sep H22 Dec 2022 Mar 2023 D Jun 023 D ! Mar 2024 Mar 2025 Sep 2025 Dec 2025 ﬂ Wlar 2026 H I Sap 2026
D Development f |_
— — '
Adoption Adoption Futura Natlonal
& |Sakencicers SH 3TEP 8D%: 8 i 503 Ralsased | Authorized
Qutreach | Fee Refreshed & Dutreach Tl st fo Supgert Wi &
Rel W0 Frauchan
— el o du
Sep 2023 D o Supoort MED & Jun 2028 r
D Prodisction o 05 |
LEGEND
frm—— — — Milestones related to deployment of fF =N
A/ . o Adoption | Milestones related to MBD 3DIvV Milestones related to deployment of Ajzm:‘?c‘;,cy Part-Centric Digital Part Objects 1 | Critical Activities
Milestones denoting significant & adoption and outreach acfivities & 3DIV definition (AY/IPL/ME) and Established | linked to MBD artifacts (commonly Milestone ! S750¢ Aeivi™
compisYsT | Weapon Program dates. Outreach | hich are critical for MBD/MBE STEP File | STEP File Support Models (SH). upon POMLink | referred to a “WT Parts” or “SNL eriormed Firs
Milestone success. \_Ceckin_J parts”). -—— -
Milestones related to deployment of
P ; epe P
MBD Z/Illestones related to VED i crao | Milestones related o deployment of CADIQ ) 1o tones related to deployment of T :\-ArEﬁaDn‘i:r?k’:/tl;gze:gddggililftié;o ensure ’ " Dependent on
; locumentation ensurin ma i s , = * Pri i .
uthorized for| 100 e el il MBD | Creo MBD 3D CAD Models which & | Cerified 3DIVs and STEP Files & configuration managed, released, and * Milestone : Prior Milestones REV: DRAFT FUTURE ROADMAP
Pe tése for N i ecycelgr:cu ing Model contain Combination States, 3D Certified using CADIQ and V&Y Workflows PDMLink | accessed by ND partners througH H = Outside DE STATUS: WIP
Production roduction, Acceptance, odel ) Annotations and Semantic PMI. MBD n ’ B = Scope/Control :
\———/ Qualification. —— N~ appropriate access controls. arnananne? LAST UPDATED: May 1, 2023
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FUTURE GENERATIONS OF TRAINED PRACTITIONERS

- MBSE MBSE MBSE
Accounts Accounts Access

<™ < G @ 1 0
& Trained % Trained % Trained
®  Staff = Staff = Staff
= o o
O
= a o a 100

Numbers represent program staff outside of MBSE capability subject matter experts who are getting

engaged and contributing content directly to the associated models




EFFICIENCIES OBSERVED h

AN
Enable capabilities to mature independently rather than trying to do everything at once, focus on \
the details that are needed
« Capability development is different than program implementation.
Heavily rely on trust with other programs
Reuse as often as possible
I PREEE Progra Riodia
Focus and build on the similarities
while acknowledging the differences 1) ff) /A

Program Ak

20
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discover
connect
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THE DIGITAL
INEERING
POSIUM

EXCEPTIONAL SPEAKERS. ACTIONABLE TACTICS. FISTBUMPS FOR ALL.

See you next year at Integrate24!



