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/" Agenda and Purpose
3

« MBSE Maturation at Sandia National Labs
* Assessing MBSE Maturation

« Three Demonstrators
 Nuclear Deterrence Schema

« Enabling a Digital Build-Cycle
* Enabling a Digital Thread through SE2ZMCAD
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SNL has developed an MBSE assessment tool that enables consistent and methodical MBSE maturation
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7/~ Model Based Systems Engineering Vision

* Model Based Systems Engineering is just how we do
/ Systems Engineering at Sandia

« GENESYS is a common tool in the SE's toolbox
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*Generic Data
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If we want to lead in the field of Systems Engineering in the future, we must trans
and move on from document based Systems Engineering practices of the past
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Nuclear Deterrence MBSE Strategy

Transformation requires change in culture, processes, and digital tools
and technologies through coordinated long-term investment in and

evolution of a shared vision for the future

Organizational Culture and People
* Accessibility & Training

* MBSE communities
* Leaders and Partnerships

Business Practices

» DE expectations for each program and
coordination with 2490

* Implementation framework from the WEC

« MBSE Maturity Matrix

Technical Capabilities

« MBSE as a capability

« MBSE integration into the Digital Engineering
Ecosystem

g
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Expectations for Accelerating Product
Realization: Digital Engineering

July 120, 2021
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/" Assessing MBSE Adoption at SNL
4

’ MESE Cat Topic / Facet f (Context Transition: As maturi AS-I level: AS-ISlevel: AS-IS Level: TO-BE Level:
egory /Topic / /(Context) Description: ir::rneras:e:.]the urity Document- Centric Mod el Centric Verified Model Gentric  Formalized Mod el Validated Model- Integrated Model- Extended Model Capabil‘ifv Headin::s Adopii:: nge:e
/ How the organization . .. organization's. . . Systems (LO) Systems (L1) Systems (L2) Based Systems (L3) Based Systems (L4) Based Systems (L5)  Based Enterprise [L6) {Tool) (Process)  (NDUse)
Assessment |dentifier (AID): Organization under assessment (OUA): Description of Environment: Assessor: Assessment Date: |Target Date/Event:

[whenimplemented]

1
Resst I TO BE B

Level

[organizati onally unique i dentifier]

*DRAFT* MBSE Maturity Matrix 05/2022 AS-IS Level

Document- Model-Centric Verified Formalized Validated Integrated Extended Capability: | Readiness:| P
Maturity Level Name Centric e Model-Centric| Model-Based | Model-Based | Model-Based | Model-Based Toois are [Processes are ‘1‘::’5:':’: Aﬁﬁi
Systems U Systems Systems Systems Systems Enterprise frallsbier | e sl

Categories [e.g., C1) ™ Level #

Transition: As

N/A | N/A | N/A | N/A

L i - .
Topics (e.g., T3) Description: Howthe maturity increases,
LFacets (e.g., F2) organization. .. the organization's. ..
Cl: Model Based Systems Uses modelsto define all e o T Seledt areas of Defined proce sses Desaiptive model Desaiptive model Descriptive model
Engineering IMB SE, aspects of system L Docum ents used for all | Desaiptive model used desaiptive model| support desaiptive  |permissions, confidence| utilizes relationships institutionalized and

model to drive digital
engineering

requireme nts, be havior,
hardware, and V&V

SEactivities to aid some SE activities | content are reviewed model usage for SE in modelers, and peer | betweenarchitectures | accessible aooss the
and authorized adivities review and other models enterprise

Model based processes

Defined site spedficand
P usedto ensure systems | Systemsengineering |Authorized sirgle source

Recreation of models Getting data directly Standard method federal processes ) X X : .
X ergineering datawas |datatoolsare integrated| of systems engineering
based onreleased static from Systems developed and support systems ) . N
g o G N ] it . - impaorted into communicating data acgoss the
ocuments A= e Tl st 3 I =S requirements consistent information enterprise

between sites

management corre ctly

C3: Production Integration and

Utilization of digita Seled digitial Defined proce sses Digital engineering data

Uses digital engineering Digtial engineering data Digital engineering data

i engineering data informs Doaurn ents used for all engineering data support digital Confidence in digital utilizes relationships
Testlng data to manufacture, test H o = X X i usedto aid some . ) _E i pp. . X i = i o is instituti onalized and
S dedsionsand drives Produdion and Testing . . content is reviewed and | engineering datausage |engineering dataformat,| with other softwares for :
and V&V produd: definition X . o Production and Testing X . i X o accessible agossthe
. inaeased lifegyde activities o authorized into business for Production and outputs, and usage aconneced digital k
requirements activities enterprise

effidendes

datastreams Testing activities thread

Maturity matrix allows for assessment at the project, program, corporate, ca

enterprise levels
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+ An MBSE assessment tool to be used by non-MBSE
practitioners

a
Stage 0

Mo doc wmented MESE wie staegy,orthe staegyis descnibed
forad hoc efforts. Each MBSE effortis smndalone © addme 33

gpec ffiz conceTa.

Appropriate tenmmo gy defme d for the projotorpopgmam.

Modelting wles and re sponaibilite s ar notidentified.

Modetbased Knowlkdge, $killa,and abilite s (KS as)are

unde finedand unkuown. Mone ,oradboc forall saff.
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Stage | -
O TEauization MESE use state gyis documentedas partofin
0w mll otganizational state gy atthe ayatem kvel The atmte gyis

relhted © e owmllnsk stmate gy

Comman SlossaryDaw Dictionany.

lModating wle s and re sponsibilite s am idantfied.

Modetbased Knowkdge, $killa,and abilitie 3 (KS As) are defiued
for madelers. Madeug o foompone vt of the Enterprize ot

Syiewm.

Stage 2
O Tpauizmton MESE use stategyis documentedas partofthe
oTganzation'sowemll state gratthe aystem lewel The stmegyis
rebted to e owmllnsk stmtepy. Modeling mauks used to mform
IYIE I eUEME e TI BCT03 3 3y3te 0 engineaTing phase s and forall

disciphue a.

Top Tiertermmalogyis definedfor the e utarprize.

Modeling wle s and re sponsibiliies am chamcerzed by maodel-

based Knowkdge,Skilla,and abilitie s (KS as).

Modetbased Knowlkdge, Skilla,and abilitie s (KS as) are defmed
formle 1 mvalved with wodetng; Eutetprize architect, SE PM,IT,
modelers,ete.... Navice Modeketaon full Enerprise or Syaten -

subaysten models.

+ Sandia Model Based Design (MBD) Maturity Matrix
* INCOSE, NASA, Northrop Grumman, etc.

Stage 3
O Tpauizmton MESE use stategyis documentedas partofthe
oTganEaton's ovemll state gy atthe everprise kvel The stmtgy
jarebed o the avamallrisk strate gy. Modelmg i3 inte prated with
busine 33 infonmation tools and e auks used © wfomm ystem s
eHgine e, popram management,and all srffacross the

e nte TpTiIE

Disafplie and eugineenng speca by ermivologyis added o

cowrlowerlewl maodela.

Modeling mwlesam povided the permizsions necessary o

periormo theirre sponsibilite a.

Modetbased Knowledge, Skilla,and abiliies [ KS as) are defmed
for mmle 1 mvalved with enterprize mavagement. Expertmode]
de wlopmentlead with experience practicing modeling onat
least| pmjectthatsuccessfullycompleed atleasts majpr

te chical ® vie wa that uwsed models m supportofthe revew.

The INCOSE and other partners’ maturity matrices were explored, but not suite
intended audience of non-MBSE practitioners

Stage 4

Crpauizmton MESE use strategyis documenedas partofthe
oTganEation's overall state gy atthe e veTprise kvel The stat gy
jarelated © the avemallnisk strate gy Modelmp i3 inte gmted with
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and ewaluae s the model produc tqualityofotheTmodekera.
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Maturity Matrix Summary

o
/

« Maturity Matrix Is broken up into 3 categories

« MBSE (Highest level of development)

« System Engineering Data Sharing o et || Yt | i | vt | s | et

- Production Integration and Testing ==l e el s

- MBSE Category contains 5 topics -

*  MBSE Culture
*  MBSE Methodology and Management
*  MBSE Architecture Application
* MBSE Tool Interoperability

*  MBSE Information Technology Infrastructure
«  Each topic contains 6-9 Facets

« Actively working the remaining categories
with our Production Agency Partners to
created an enterprise rubric for MBSE
Maturity
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How the Maturity Matrix is Used as an Assessment Tool

MBSE Category / Topic / Facet / (Context)

Descripti
How the
T3: MBSE Architecture Application
F1: Requirement Architecture Ztaftes the
efinition
Development becificatid  T5: MBSE Inforr
IT

F2: Requirement Architecture Perives an
Traceability requireme
F3: Functional Architecture btates the
Development pefinition
p specificati

C1: Model Based Systems Engineering (MBSE)

T1: MBSE Culture

y i
]
[ ]
[ ]
L .
‘e, ) "
L ]
L ]
L ]
L]
] .
[]
T BSE Ar
[ ] | [ ] L L]

Comment

ture than process:
rocess to mature to lv 3

horitative source will mature the
hto lv 4.

re than adoption:

uirements management team needs
ments to modeling requirement
ationships to other architectures to

e than the tool:

| is barrier to maturity. Assess tool
er tools to advance maturity to

hl architecture

*Generic Data
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Maturity Matrix - MBSE Tool Interoperability Topic Deep Dive

MBSE Tool Interoperability Contains 7
Facets

Model Reuse

Model Visualization
Schema

MBSE Tool Interoperability

Descriptive Model to Requirement
Management Tool

Descriptive Model to Analytical Model
Descriptive Model to Product Structure
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7 Demonstrator 1 - Common Nuclear Deterrence (ND) Schema
74
/ [ ]

Nuclear Deterrence has unique safety, environmental, and qualification constraints with
respect to MBSE Architecture and System Engineering

«  GENESYS schema modification have helped address the need

« As MBSE adoption matures at SNL, a common ND Schema is needed for smoother tool
interoperability
« Does each project use the GENESYS schema in the same way?

« Does each project employ custom attribute, parameters, relations... etc
« Are schema decisions documented?

Categories (e.g., C1) . Level # Transition: As

Topics (e.g., T3) Description: How the maturity increases,

L—Facets (e.g., F2) organization. .. the organization's . ..
C1: Model Based Systems Uses models to define all utilization of a system Select areas of Defined processes Descriptive model Descriptive model Descriptive model
Engineering (MBSE) aspects of system Y Documents used for all | Descriptive model used descriptive model support descriptive | permissions, confidence| utilizes relationships institutionalized and

model to drive digital

requirements, behavior, SE activities to aid some SE activities | content are reviewed model usage for SE in modelers, and peer | between architectures accessible across the

engineerin
hardware, and V&V ® E

and authorized activities review and other models enterprise

T4: MBSE Tool Interoperability

F3: Schema Manages the structure and |Consistent descriptive
i inti i Descriptive model
meaning of the descriptive |modeling structure and o ot del Project specific schema Descriptive model o h h p | ted Schemas are common Schemas are available
iti i o descriptive mode . . chema changes are schemas implemente
model entities mean!ng .spans schenﬁa o is created for general schemas span project formalized andgca tured| to provide fr:amework across connected across the extended
organizational areas of architectures specific focus areas P P . descriptive models enterprise
interest for new projects
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Demonstrator 1 - ND Schema

Custom schema modifications across programs and projects have benefits and detriments

Benefits of Customization:
* Enables creativity between SE Team and ownership of the model

« Capture unique customer needs
« Creation of organization specific wants for possible reuse among programs

Detriments of Customization:
* Increase complexity when migrating projects

« Unintended consequences when relating new classes to existing classes
« Lack of documentation can lead to further confusion defeating the purpose
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Demonstrator 2 - Tool Interoperability with Python

 Digital Twin project had a need to connect system engineering Model data to analytical
tool calculations performed with Python

* No tool interoperability capability existed to transfer requirement parameters from MBSE
Tool - analytical model > MBSE Tool

« Open Source Library Pythonnet allowed for connecting analytical model to GENESYS
database through GENESYS API

- Established a digital thread
« Using GENESYS API enables external tools to access all SE architectures in safe and reliable

manner

C1: Model Based Systems
Engineering (MBSE)

Uses models to define all
aspects of system
requirements, behavior,
hardware, and V&V

utilization of a system
model to drive digital
engineering

T4: MBSE Tool Interoperability

F6: Descriptive to Analytical
Model Interoperability

Shares information from the
descriptive model to
analytical engineering tools

Ability to leverage a
federated set of cross-
linke d descriptive models
increases

Documents used for all
SE activities

No descriptive models
used

Descriptive model used
to aid some SE activities

MBSE and analytical
tools used but not
connected (e.g. siloed
efforts)

Select areas of
descriptive model
content are reviewed
and authorized

Manually recreate
necessary model
content between MBSE
and analytical tools

Defined processes

support descriptive

model usage for SE
activities

Semi-automatic process
used to import/export
static model content
between MBSE and
analytical tools

Descriptive model
permissions, confidence
in modelers, and peer
review

Automatic process for
sharing information
between descriptive

modeling tools utilizes a
trusted process (e.g. API
related)

Descriptive model
utilizes relationships
betwee n architectures
and other models

Changes/Updates are
propagated to all linked
tools concomitantly and
associated entities are

flagged for users

Descriptive model
institutionalized and

accessible across the
enterprise

MBSE and analytical
tools are integrated
across enterprise
barriers
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/ Demonstrator 2 - Example Work Flow
74
4
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1 21 Sl
Populate System Extract GENESYS - .
I e T Connect to GENESY API Parameters through APl —»| Python File Calculations
GENESYS Python Python Fython
Y
Hi-Fi
Inputs

Run Reduced Order
Models (ROM)

-

ROM Outputs ]

Python

e

v

Run Hi-Fi Models

Python

2.1

10

Connect to GENESY API

Python

Update GENESYS
Parameters Through AP

Hi-Fi Outputs

Python

Significant reduction in human error while increases efficiency of data transfer between models

UNCLASSIFIED UNLIMITED RELEASE

@L



v
P/

7/
/

* Enable a digital thread from system requirements and functional
behavior to design, manufacturing, and quality acceptance.

* Enable better, model-based communication between systems

engineering and design — tracking requirement changes and concerns

* Historically requirements were buried in complex documents and
mechanical envelopes

Categories (e.g., C1)
LTopics (e.g., T3)
L—Facets (e.g., F2)

Level #

Description: How the
organization...

Transition: As
maturity increases,

the organization's ...

C1: Model Based Systems
Engineering (MBSE)

Uses models to define all
aspects of system
requirements, behavior,
hardware, and V&V

utilization of a system
model to drive digital
engineering

T4: MBSE Tool Interoperability

F7: Descriptive to Product

Structure Model Interoperability

Shares information from the
descriptive MBSE model to
enable component design
and production

Ability to leverage a
federated set of cross-
linked models increases

Documents used for all
SE activities

No descriptive models
used

Descriptive model used
to aid some SE activities

MBSE and product
structure tools used but
not connected (e.g.
siloed efforts)

Select areas of
descriptive model
content are reviewed
and authorized

Manually recreate
physical architecture
between MBSE and

product structure tools

ESTABLGHED
By

Defined processes

support descriptive
model usage for SE
activities

Semi-automatic process
used to import/export
static model content
between MBSE and
Product Structure tools

QUIREMENTS
ARCHITECTURE
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Demonstrator 3 - Systems Engineering to Mechanical CAD (SE2ZMCAD)

Specifications

INTEGRATION
& TEST
ARCHITECTURE

V&V Simulations
Inspections

Descriptive model
permissions, confidence
in modelers, and peer
review

Automatic process for
sharing information
between descriptive

modeling tools utilizes a
trusted process

FUMCTIOMNAL
ARCHITECTURE

Operational
Behaviar

PHYSICAL
ARCHITECTURE

Parts and
Interfaces

Descriptive model
utilizes relationships
betwee n architectures
and other models

Changes/Updates are
propagated to all linked
tools concomitantly and
associated entities are

flagged for users

Descriptive model
institutionalized and
accessible across the

enterprise

MBSE and product
structure tools are
integrated across
enterprise barriers

UNCLASSIFIED UNLIMITED RELEASE
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Our User Story: SE2ZMCAD

As a Systems Engineer, I want to transfer data from my SE2MCAD Systems
model (in GENESYS) to provide constraint parameters to the Spar component

in the MAPR-4D top-level mechanical design model (in PDMLink), so that

designers have access to the latest requirement needs influencing their design.
*Generic Data

*Generic Data

Parameter(s) ->

Canonical Model |.....

Systems Engineer defines Mechanical Engineer receives
parameter data in parameter in PDMLink and
GENESYS, sends to MCAD associate them to a part

UNCLASSIFIED UNLIMITED RELEASE
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Video Demo
Showing Export of

Parameterized
Requirements

Video will be sent through Programmatic R&A prior
to Conference
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/" SE2MCAD (GENESYS < PDMLink) Requirements Update Use-Case

4GENESYS to PDMLink Interﬂperability}

PDM Receives Updated Requirements asPropertySheet

Properties Spider Hierarchy Use

Case
PDM Receives Updated General Physical Functional
Requirements
Name PDM Receives Updatad Reguirements
Number 1
_.-—""'"_FF._'
Description * As a mechanical engineer/designer, v

PDMLink Traceability Between Requiremen | want to receive requirements updates from the SE model
Mechanical Desigger Objects and Mechanical Models so that | am designing to the latest requirements set.

<<actors> Doc. PUID
: Precanditions Original requirements must exist at same state in both GENESYS and PDMLink. _/" o
PDMLink £

PDMLink Traceability Between Requiremen Criginal requirements in PDMLink must be linked to a component part object (SNL Part object type) in PDMLink.
Obyjects and Team View
. 7 Primary Flow
< <actor>>
.--"'""'.-F.-H-‘

-

-

. After component requirements are baselined in GENESYS, the updated requirements are pushed to the ND Integration Platform. 76
. PDMLink pulls updates as they are available.

. PDMLink updates requirements objects from the ND Integration Platform,

. PDMLink adds a Suspect Flag to the requirements object which has changed

. Mechanical engineer/designer changes design per updated requirement.

. Mechanical engineer/designer clears Suspect Flag.

Updated Requirements in GEMESYS, but not in PDMLink
MND Integration

Platform

System Model Driving
Part Structure in PDMLin

ol da L e —

< <gctor==
Attributes | Properties | Parameters | Diagnostics | Views
PDMLink Connector PDM Confirms/ Relationships Targets & Attributes
Transforms Inspection ] (all relaticnships) I elaborated by OperaticnalActivity PDM Receives Updated Requirements
augmentad by elicits Requirement Baseline Requirement Updates from GEMESYS to PDMLink
based on elicits Requirement GEMESYS Concern, Creation
categorized by elicits Requirement PDMLink Concern, Creation
causes elicits Requirement PDMLink Suspect Flags, Clearing, Does Mot Impact Design
classified by elicits Requirement PDMLink Suspect Flags, Folder Visibility
describes elicits Requirement PDMLink Suspect Flags, Multilevel Traceability Visibility
m dlo;um:tdegyby elicits Requirement PDMLink Suspect Flags, Setting
elabora
Project Organization: Dater |[}  elicits Sort | Numeric by class -
SE2MCAD Sandia Mational Laboratories Repository: as0dgenesysnt.sr.sandia.gov | SE2ZMCAD | Username: Maxwell Danik | Authentication Mode: WINDOWS
I * )
Generic Data
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SE2ZMCAD (GENESYS <~ PDMLink) Requirements Update Use-Case

effbd lterate to Resolve Concemns )

(Generate Concern Against
Requirement in POMLink

Mechanical Designer

PDMLink
Concern

Translate PDMLink Concern
Data inte Base Ontology

ND Integration Platform

v

(PDM Link Data in Base Dntniogy)

¥

Pull Concemn
from POMLink

—

ND Integratio...

Push Concern
»@9—» to GENESYS —»@4
ND Integratio...

Notify SE of New Concern |
Related to a Requirement

¥

ND Integration Platform

GEMESYS

Concern

Review Concern

Systems Engin...

GEMNESYS Concern
Motification

Loop and Continue Discussing Concerns Until all Concerns are Satisfied

Discuss Mechanical
Concems

Mechanical Desig...

Reached out to 2472 to identify a Mechanical Designer to provide
feedback on these operations. Will review with Zane Winkelman

ANB [Cuncems

Concerns

DesignJ [Requirement] n

Discuss Systems

Engineening Concerns

Systems Engineer

Concerns Persist

Determine Path _J
¥ Forward that L
(NB—» SHBIEs @ Lp
Requirements
4 and Design
Intent

Concemns 5Satisfied

Project:

SEZMCAD

Crganization:

Sandia Mational Laboratories
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P’ SE2ZMCAD (GENESYS <~ PDMLink) Requirements Update Use-Case
‘8

” Additional SE2MCAD Use-Cases Planned for FY22 and Beyond

- System Model Creates Part Structure in PDMLink Mechanical Model.
- System Model Creates Requirements in PDMLink Mechanical Model.

« Auto-Create "Satisfy" Relationships between Requirements Objects and Mechanical Models in PDMLink.
«  Driven by Specifies relationship between Component Requirement and Component in SE Model.

« This is currently a manual process in PDMLink.

SIM2MCAD (MBA) Use-Case

« Simulation Model Provides Component Verification Analysis Data to Mechanical Model
« 3D STEP File from CAD to Sim Model.

«  Sim Model Results Package to Package Object in PDMLink, then Associated to Part Object of Component of Interest in PDM.
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Test Too|

Harness Mappings orielefles

Adaptor to connect to the ND

Integration Platform |
°_ SBE Vision %, Vitech %, Custom « Hub and Spoke Architecture
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