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= Overview
— Sandia National Laboratories
— Digital Engineering and Model Based Systems Engineering (MBSE) at Sandia

= Product Introduction
— Current Limitations of visualization
— Research and Sounding Rocket (RASR) Modular Experiments Platform (MEP)

* Integration in Virtual Reality (VR)
— Model Interoperability
— Computer Aided Design (CAD) + Model Based Systems Engineering (MBSE) -> Unity

= Conclusions
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Sandia National Laboratories Overview

Sandia is a Federally Funded Research and Sandia
Development Center (FFRDC) Managed National
and Operated by: Laboratories

= National Technology & Engineering
Solutions of Sandia, LLC, a wholly owned
subsidiary of Honeywell International, INC.
(NTESS)

= Government Owned, contractor owned

» FFRDCs are long-term strategic partners
to the federal government, operating in
the public interest with objectivity and
independence and maintaining core
competencies in missions of national
significance
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Nuclear Deterrence Overview

»
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NUCLEAR DETERRENCE

Responsibilities form a critical mandate = Mutidischplinary
- capabilities
‘ Required for design,
qualification, production,
surveillance, computation/
c'q'rrrunl‘ntahon
* Major environmental test
facilitics & diagnostics
* Matenals sciences
L * Light-untated hugh explosives

* Computational analytics

Warhead systems
engineering &
integration -
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Design agency
for nonnuclear

components

* Gas transfer systems

* Radar

* Safety systems

* Amming, fuzing &
finng systems
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Production agency
Neutron generators
Sandia external production
Microelectromcs

Sandia’s Mission Assurance organization proactively .
prevents defects and ensures mission success. * Thermal battery backup
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MBSE for Nuclear Deterrence
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Digital Engineering Transformation at SNL

DIGITAL THREAD Cross-lifecycle initiatives, working across
engineering domains and across lifecycle phases

DIGITAL EXPLORATION

Early design exploration, Infusing early design
decisions with analyses and simulation results

DIGITAL PROTOTYPE
Combined digital-hardware exploration,

proving design concepts before metal is cut

DIGITAL TWIN

Digital surrogate to the serial number,
As-built designs combined with hi-fidelity
models for qualification and surveillance
surrogate analyses
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Digital Engineering Ecosystem at SNL
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Digital Engineering Ecosystem at SNL
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Research and Sounding Rocket (RASR)

= RASR - Research and Sounding Rocket: an instrument-
carrying rocket designed to take measurements and
perform scientific experiments during its sub-orbital flight.

— Experimental flight tests are expensive. Efforts such
as RASR enable rapid component design and system
integration.

— Initiative that provides a service to launch experiments
on low-cost, low-altitude, high-power research
rockets.

= The payloads for these research rockets are provided
by HONEYWELL FM&T

— Enables avenue for connectivity between Design and
Production

= MEP - Modular Experiments Platform: a subsystem of
Payload Assembly designed to be modular and provide
the structure to mount experiments in the experiments bay.
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System Overview of the RASR MEP - MCAD
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System Overview of the RASR MEP - MBSE

Vitech

bdd Research and Sounding Rocket [n:fom!mm}])
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Project: Organization: Date:

SE2ZMCAD Sandia National Laboratories 5/9/2022
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System Overview of the RASR MEP - PowerPoint
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MBSE + MCAD -> VR Overview
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Data Connectivity
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Integration into VR
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Unity Game Engine
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= Unity Game Engine

— “Unity is a cross-platform game engine
developed by Unity Technologies™

= Direct benefits of AR/VR:

— Provides physical context, pushing a
different type of visualization via
graphical integration

— Driving decisions is better done
visually

— Enables experts to convey
complexities to decision makers

— Enables virtual tradeoffs and
integration before cutting material
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Model Interoperability

Resource Description Framework

» -MBSE model extracted from
GENESYS and placed into format
called Resource Description
Framework (RDF)

— Open-source, standards-compliant format
that acts as the central point of contact
between all the applications shown in
diagram

— Terse RDF Triple Language (Turtle)
format

= SNL is building a Digital Engineering
Ecosystem (DEE) with an emphasis
on model interoperability
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RDF in Unity

Work completed to date:

-Leverage RDF to import
GENESYS component name
and description into Unity

-Create digital thread between
CAD and GENESYS
requirements

-Implement interactive VR
application
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Hierarchical Diagrams

-Implement hierarchy node positioning graphs to visualize GENESYS
diagrams
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Interactive Hierarchy Diagram using Made-up Data
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Conclusion

= Connections between MBSE and MBE data were visualized leveraging a
video game engine.

» Use of the Game Engine capability enables 3D viewing of complex and
disparate datasets without requiring access to each tool.

* AR/VR tools provides an additional layer of intuitiveness and physical context
when a user is immersed in a 3D environment.

— Better understanding leads to more informed decision making.
» Networking to allow users from different sites to collaborate

= Adaptability and connecting complex systems.
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Future Works

» Create diagrams using the actual GENESYS data.

» Connect diagrams’ nodes and CAD, enable user to interact with nodes and
CAD models.

* Integrate of human factors aspects (e.g., step-by-step tutorials,
manufacturing, training).

* Bring in Simulink and PSPICE models.

» Explore visualizing different relationship-type data from static MBSE tools to
build functional-flow architectures of the different datasets.
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RDF - Resource Description Framework
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Querying RDF Data

] 5QUID - The SPARGL Query Interpreter and Designer — O X
Ontology
RDF Model

Query Text

Query Results : 7 Results

name
dc QOutput Signal 1 711e50ca-ab54-4 cfb362
61f c-1b0d-40 573-d45bc0e76 Processed Signal 2 afi 3-4e71-9ed9- 1db95f4554a
6f5dd49f-442f-432e-8 561b00b516 itput Signal 2 95acfec 4647-a15 0048a8d6
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