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Agenda and Purpose
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• MBSE Maturation at Sandia National Labs
• Assessing MBSE Maturation
• Three Demonstrators

• Nuclear Deterrence Schema
• Enabling a Digital Build-Cycle
• Enabling a Digital Thread through SE2MCAD

SNL has developed an MBSE assessment tool that enables consistent and methodical MBSE maturation

*DRAFT Digital Engineering Maturation Path

DRAFT 
LOGO
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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

If we want to lead in the field of Systems Engineering in the future, we must transform now 
and move on from document based Systems Engineering practices of the past

*Generic Data
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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 

 Expectations for Accelerating Product 
Realization: Digital Engineering

July 12th, 2021
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Assessing MBSE Adoption at SNL
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Maturity matrix allows for assessment at the project, program, corporate, capability, and 
enterprise levels
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Intent of MBSE Maturity Matrix

7

Need
• An MBSE assessment tool to be used by non-MBSE 

practitioners 

References

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

Joint 
Development

• Incorporated design and production activities highlighting 
the maturity of sites, but more importantly, the interfaces 
and artifacts used to share systems engineering data

The INCOSE and other partners’ maturity matrices were explored, but not suited for our 
intended audience of non-MBSE practitioners
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Maturity Matrix Summary
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• Maturity Matrix Is broken up into 3 categories
• MBSE (Highest level of development)
• System Engineering Data Sharing
• Production Integration and Testing

• 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
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MBSE Category / Topic / Facet / (Context)

Description: 
How the organization . . .

Transition: As maturity 
increases, the 
organization's . . .

     
AS-IS Level: 
Capability

(Tool)

AS-IS Level: 
Readiness
(Process)

AS-IS Level: 
Adoption
(ND Use)

TO-BE Level: 
Target

 
POC Comment

  T3: MBSE Architecture Application   #   4.3 2.7 2.0 4.0      
    F1: Requirement Architecture 

Development
States the source of system 
definition based on customer 
specifications

Descriptive model is used to 
develop and refine 
requirement architecture

  #   5 2 3 4

 

Jo
hn

 D
oe

Adoption is more mature than process:
Create and Release process to mature to lv 3

Making MBSE an authoritative source will mature the 
process and adoption to lv 4.

 

  F2: Requirement Architecture 
Traceability

Derives and traces product 
requirements

Requirements are connected to 
other descriptive model 
architectures   #   5 3 1 4

 

Ja
ne

 D
oe

Process is more mature than adoption:
GAP IDENTIFIED: Requirements management team needs 
to mature from documents to modeling requirement 
entities and their relationships to other architectures to 
mature to target

 

  F3: Functional Architecture 
Development

States the source of system 
definition based on customer 
specifications

Descriptive model is used to 
develop and refine 
requirement architecture

  #   3 3 2 4

 

Je
ss
ic
a 
Sm

ith Target is more mature than the tool:
GAP IDENTIFIED: Tool is barrier to maturity. Assess tool 
improvements or other tools to advance maturity to 
develop the functioanl architecture

*Generic Data
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Maturity Matrix – MBSE Tool Interoperability Topic Deep Dive
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• 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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Demonstrator 1 – Common Nuclear Deterrence (ND) Schema
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• 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?
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Demonstrator 1 -  ND Schema 
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 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
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• 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
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Demonstrator 2 – Example Work Flow
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Significant reduction in human error while increases efficiency of data transfer between models
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Demonstrator 3 – Systems Engineering to Mechanical CAD (SE2MCAD)
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• 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
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Our User Story: SE2MCAD
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 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.

Systems Engineer defines 
parameter data in 

GENESYS, sends to MCAD

Mechanical Engineer receives 
parameter in PDMLink and 

associate them to a part

Canonical ModelParameter(s) ->

Parameter(s)->

*Generic Data*Generic Data
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Video Demo 
Showing Export of 

Parameterized 
Requirements

Video will be sent through Programmatic R&A prior 
to Conference

17
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Comparing Requirement Information Between Tools
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*Generic Data
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PDMLink Attributes and Relationships Configuration Managed
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*Generic Data
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Mapping Requirement Object to 3D Interactive Viewable (3DIV)
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*Generic Data
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SE2MCAD (GENESYS  PDMLink) Requirements Update Use-Case
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*Generic Data
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SE2MCAD (GENESYS  PDMLink) Requirements Update Use-Case
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*Generic Data
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SE2MCAD (GENESYS  PDMLink) Requirements Update Use-Case
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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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ND Integration Platform    

OntologiesTool 
Mappings

Doors NG

Model 
Center

Test 
Harness

Adaptor to connect to the ND 
Integration Platform

FlexSim

EDW

SBE Vision Vitech Custom • Hub and Spoke Architecture
• No point-to-point integrations

PRIME

ODE 
PS-EA

Digital Thread

DataSEA

Plato



Questions?


