NSRP‘ National Shipbuilding Research Program

New RA 23-07 Project

Digital Twin “TRUST"” Verification & Validation (V&V) Guide

for

Ship Design, Construction, Delivery & Sustainment

NSRP All Panel Meeting
Charleston, SC
March 28, 2023

Presenters:
Dave Walker, ABS
Mark Debbink, HII-NNS

\ 2

HII-NNS

HIl-Ingalls

HII-UXS

NAVSEA
05Z &
NSWC

PHILI.

NSWC

Carderock

Newport News Shipbuilding, a Division of Huntington Ingalls Industries, All Rights Reserved 2023
ABS Approved for Public Release

This project will provide a method
to Ensure TRUST in Digital Twins for
Design, Build, and Sustainment of
our Nations Ships.

We will develop and demonstrate a

V&V framework for Digital Twin

models.
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Enabling the Navy the Nation Needs
Using Digital to Design, Build & Sustain our Navy'’s Fleet



Digital Thread — Digital Twins
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Digital Technology In the Future of Shipbuilding and Sustainment

A digital twin is: DIGITAL

* |s a virtual representation of an asset (e.g., a component, a system,
a ship, or a factory) or of a process (e.g., an assembly sequence)

* |s a tool for analyzing and specifying requirements, understanding
the asset and optimizing its behavior, interfacing with the asset and
managing its configuration, and forecasting its future performance

* Exists in all phases of the digital thread — Design, Build, or Sustain.

Model-based Systems Engineering (MBSE) and digital twin
technology applications are critical to the future of Government and
Commercial shipbuilding and sustainment:

« Core to the entire digital thread for the lifecycle of ship

» Foundation for collaborative analysis and decision making among
the stakeholders driving ship design, construction, and
sustainment

» Tools that transition across lifecycle phases just like the physical
assets themselves

 Critical for technical authority verification, validation, and
certification of increasingly complex and novel ship designs and
shipbuilding/sustainment processes




The Need for Application and V&V Guidance

Digital twin technology applications are only useful when they have
the TRUST of all applicable stakeholders. This includes meeting the
following criteria:

| sies e v ans unseretood vt
« Address a well-defined and understood scope/purpose Process & Rules: Model Verification

* Have clearly defined assumptions, limitations, and maturity levels

* Have undergone appropriate V&V to satisfy all applicable | | f_rﬁy
technical authorities ' - . :
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* Interest and requirements for digital twin applications is ' .---:ftmy T

growing rapidly with digital shipbuilding initiatives (>19%) r. 2N

Client Model with FMUs from various sources - rIinodeI Verification
* Growth in development and use of digital twins is outpacing
the guidance, tools, and resources for validating their use

» Lack of consensus industry guidance is affecting:

YaBS

+ Startup and management costs for digital twin programs
» Costs of developing specific digital twin applications

» Costs for internal V&V by developers

» Costs for external V&V by Technical Authorities




Project Objectives — Vision of Results: We envision that clarity of expectations for qualification and use of digital twin
technology will provide great benefits for all stakeholders:

U For the Shipbuilding and Ship Repair Industry

o Common reference terminology internally and in exchanges with Government Agencies when describing types and maturity levels of
digital twin technology, promoting better definition of contract deliverables and associated pricing

o Defined process and criteria for measuring the suitability/quality of digital twin technology applications for intended purposes
before use in critical decisions for ship design, construction, and sustainment

d For Government Agencies

o Same benefits as for the shipbuilding and ship repair industry for internally developed digital twin applications

o Ability to reference a collaboratively developed reference document when building digital twin requirements into ship specifications
and associated solicitations

o Clear expectations about how digital twin applications should undergo V&YV before use on shipbuilding programs and/or delivery to
the Government

O For Both Stakeholder Groups

Ability to manage risk by leveraging independent, third-party V&V using clearly defined processes and acceptance criteria to
support ultimate acceptance and use in government programs

Reference material that can be used in the development and training of technical staff involved in the development, V&YV, and use of
Digital Twin technology applications

Trust in Digital Twin technology for decision-support throughout the digital thread lifecycle of the ships during design,
construction and sustainment, resulting in greater adoption.




Digital Twin “TRUST" Verification & Validation (V&YV) Guide

Solutions Produced: The work will produce the following outputs:
Publication of an ABS Guide on Verification & Validation of Digital Twin Technology Applications, incorporating best practice
information from the project, including the Digital Twin ontology and recommended V&V process with associated methods and tools
ABS webinar for Government and Industry on the ABS guidance publication
Final report documenting the research process and the demonstrations of the recommended V&V approach/criteria on real Digital
Twin technology

Benefit Metrics: We propose the following benefit metrics for the project:
>10% reduction in the learning curve costs for organizations (government or commercial) launching or upgrading their Digital Twin
technology application development and use initiatives
>10% reduction in the development costs of specific Digital Twin technology applications using the project guidance
>25% reduction in the costs and >25% reduction in the approval cycle time for completing V&V of Digital Twin technology
applications (for both the developers and for the approving Technical Authorities)

Adoption and use of the ABS Guidance Publication across the NSRP shipyards and government agencies (Navy, USCG, MSC, MARAD,
NOAA, USACE, Army Watercraft, etc.) as well as broader use among the many stakeholders in the naval and commercial shipbuilding

and repair enterprises




Digital Twin “TRUST" Verification & Validation (V&YV) Guide

PEOPLE AND ORGANIZATIONAL IMPACTS

This project focuses on addressing the people and organizational impacts needed to institutionalize trust in Digital Twin
technology applications in shipbuilding and sustainment:

e Organizational Change/Cultural Change: The project provides the ontology and V&V approach, methods, tools, and
examples to enable a culture of TRUST among the many stakeholders working with Digital Twin technology applications

being developed and used across the naval shipbuilding enterprise (and the maritime industry more broadly).

Human Resources: By encouraging the expanded use of Digital Twin technology, the project supports the growth of high

technology jobs in developing, validating, and using these applications across all of the organizations participating in the

naval shipbuilding enterprise (Government and commercial).

Workforce Development: The guidance developed in this project will be a valuable tool for supporting training and skill

development of workers who will be developing, validating, and using Digital Twin technology (Government and

commercial workers across the naval shipbuilding enterprise).




Work Product Use Cases & Technology Dissemination

DT Maturity Model

» Research Process/Results

* V&V Demonstration Results
(Company-specific and
Non-proprietary Versions
for Sharing)

* V&V Test Environment
Recommendations

+ Ontology
* Maturity Models

Worlk + V&YV Methodology
V&V Tool & Test
Products

Environment Inventory
* Best Practice
Recommendations

ABS Guide on
Verification &
Validation of Digital

ABS Webinar for

Final Report on
Research Process and
Demonstrations

Government &
Industry

Twin Technology
Applications
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Digital Twin Developers

Government Program Offices

Commercial Marine

Technical Authorities

Shipyards, System Integrators, OEMS,
Service Providers, Government Agencies,
Other

Navy, MSC, USCG, MARAD, USACE, Army
Watercraft, NOAA, NSF, Etc.

Internal QA Organizations, Government
Technical Authorities, Class Societies

Owner/Operators, Ship Management
Companies, Etc.

Use
Cases

Methodology and tools for executive
efficient V&V of digital twin technology
applications

Efficient initiation and/or enhancement of

Digital Twin programs within organization Reference publication for specifying digital twin requirements and/or expectations in ship

design, construction, and sustainment contracts

More efficient development of specific

digital twin technology applications Clear expectations about how digital twin applications should undergo V&V before

acceptance (e.g., at delivery with physical assets)

Establishing test environments for digital
twin V&V activities

Reference to support workforce

development in digital twin technology Reference to support workforce development in digital twin technology

Reference to support workforce
development in digital twin technology




Digital Twin Verification & Validation

Operation Testing
and
Maintenance

UAT,
Commissioning
and Ship Delivery

Functional

Requirements

System and System and
Sub-system Sub-system
Specs Testing

STEP 1
V&V of Physical Asset

Validation addresses whether Detailed Component
“the right system has been built” Design Testing

l Fabrication

Verification ensures that and _
“the system has been built right” Construction
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Digital Twin Verification & Validation

Operations
and
Maintenance Digital Twin

Digital Twin : for Decision

CONOPS Target Support
Outcomes
UAT,

Commissioning and
Ship Delivery l

Digital Twin Virtual Testing

Functional System and and
Requirements Sub-system Commissioning

Functional
Requirements

Testing

Digital Twin . .
System and System Modeling ‘ Digital Twin

Sub-system

System
and Data
Specs Requirements Component Connected-Models
Testing S

V&V of Physical

. . Digital Twin Digital Twin
Valldatlon addresses Whether Detailed Equipment and Component Models
“« . )] Design Component and
the right system has been built e e STEP 2

V&V of Digital Twin

m Fabrication Modeling and STEP 3

Verification ensures that and ol . .
“the system has been built right” S S Xﬁ‘l‘\l/ ISII)E)SIIQCI;TIPLV;’;

YABS

12 | Digital Twin V&V




All New Navy Programs Utilize Digital Twin Technology

HII-NNS SSN(X)

HIl Proteus LDUUV

ABS Unmanned Commercial Vessels HII-NNS FORD Class CVN'

HIll-Ingalls-UXS LUSV

Deeper Integration of Systems of Systems Cannot Be Analyzed Without Advanced Tools.




DIGITAL o

Thank you for your attention.
Discussion. ..

-TI.I.Iil'IJ'

Because of it’s widespread Shipbuilding impacts do you have interest in auditing this project?
Sign-up for WebEx and emails? Contact: DWalker@eagle.org or Mark.Debbink@HII-NNS.com

Hll-Ingalls Launches, Operates, Recovers LDUUV (2022)

How can manned and unmanned vehicles team up to support the U.S. Navy?

HIlI's Ingalls Shipbuilding and Mission Technologies divisions demonstrated the critical first step, launching
and recovering HII's Proteus large-diameter unmanned underwater vehicle in the Pascagoula River using a
prototype platform called Pharos.

g Sbting o g v Nt Lol Newport News Shipbuilding, a Division of Huntington Ingalls Industries, All Rights Reserved 2023
D ABS Approved for Public Release
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Digital Twin “TRUST" Verification & Validation (V&V) Guide - Project Team

Project Participants Role and Key Contributions

Overall project management; Lead research on Digital Twin technology application best practices; Lead development of
the V&V approach and associated guidance on methods/tools; Lead the V&V Demonstration applications; Provide the

ABS V&YV test environment; Develop and publish the ABS Guide for Verification and Validation of Digital Twin Technology
Applications; Lead production of the final research report
Serve as the lead NSRP shipyard research partner; Lead key elements of the Digital Twin ontology work, including the
HI-NNS Digital Twin Maturity and Complexity Model development; Define requirements for the V&YV test environment; Primary

source of Digital Twin technology applications for V&V demonstrations; Key contributor to the ABS Guidance publication

and final research reports

Serve in an advisory role as a NSRP shipyard stakeholder; Provide technical contribution and advisory support

HIl-Ingalls throughout the project; Possible source of Digital Twin technology applications for V&V demonstrations; Review and

comment on all work products, including the ABS Guidance document and the final research reports

Serve as a primary contributor to research work from a technology and service company perspective; Work closely with

HII-NNS on key elements of the Digital Twin ontology work, including the Digital Twin Maturity and Complexity Model

HII-UXS development; Possible source of Digital Twin technology applications for V&V demonstrations (especially around ship

sustainment applications); Review and comment on all work products, including the ABS Guidance document and the

final research reports

Serve in an advisory role as a Government stakeholder for digital shipbuilding and condition-based maintenance
NAVSEA 05Z & |strategies and machinery systems; Provide technical contribution and advisory support throughout the project; Review

NSWC Philadelphia |and comment on all work products, including the ABS Guidance document and the final research reports; Coordinate

interfaces with NAVSEA 04 and PEO-MLB

Serve in an advisory role as a Government stakeholder for Digital Twin technology applications for ship structures;

Provide technical contribution and advisory support throughout the project; Possible source of Digital Twin technology

applications for V&V demonstrations (structures); Review and comment on all work products, including the ABS Guidance

document and the final research reports

NSWC Carderock
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