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NASA’s DT Implementation Approach '

Ignite Connect Integrate Facilitate
Transformation Plans Solutions Adoption
Facilitate Tx Target Coordinate like Analyze Integrated DT Measure DT Progress
Community-owned Organizational DT Solutions Portfolio vs. on funded Org DT Plans
Roadmaps & near-term Plans that respond to Roadmaps / priorities for vs. Roadmaps/Priorities;
priority actions to align the DT Strategic redundancies & gaps to elevate & address cross-
DT intent & goals across Framework to identify leveraging cutting barriers via DT
NASA synchronize DT opportunities & inform Catalyst Projects;
intents investment decisions by OCIO, celebrate & share DT
DT & other organizations Successes & Exemplars
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NASA's Digital Engineering Need

...from Concept to Operations

Historically a change of Presidential
administration or Congress means a change to
our missions/priorities/budgets

Improve how the Agency Engineering Domain operates over the entire N/ASA

lifecycle by effectively managing complexity,/reducing cost and schedule} and

improving product integrity via the integration of processes, digital tools, and

techniques along with seamless flow of information throughout the
engineering system development life-cycle (concept development, design,

testing and validation, manufacturing and operations).



Engineering Project Lifecycle

Define the Scope and Capabilities of what Digital Engineering Means to NASA

NPR’s — provide Agency prt . . .
Objectives — Capabilities
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Digital Engineering Needs, Goals, & Objectives

Need

Improve how the Agency Engineering Domain operates over the entire NASA
lifecycle by effectively managing complexity, reducing cost and schedule, and
improving product integrity via the integration of processes, digital tools, and
techniques along with seamless flow of information throughout the engineering
system development life-cycle (concept development, design, testing and validation,
manufacturing and operations).

Goals

*  G1 Lifecycle: Establish a Digital Engineering (DE) strategy that can be
integrated throughout the entire Engineering Life Cycle, aligning with
NASA’s mission objectives.

* G2 Deployment: Develop an interoperable, tailorable, and scalable
deployment strategy for the Digital Engineering Ecosystem across the
Centers including implementation options and methods.

*  G3 Guidance: Establish the guidance for model development, tool
integration and deployment, and formulation of data threads while
ensuring alignment with the industry standards advocated by DE.

* G4 ASoT: Establish an approach providing stewardship, governanc/

security, traceability, and management of the engineering
Authoritative Sources of Truth (ASoT), while ensuring the data within
the ASoT are curated.

* G5 Configuration/Change Management: Evolve existing CM
approaches for data-centric management of engineering baselines
which enable teams to manage and track changes made throughout
the entire product lifecycle.

DE Environment

Explore Design Space
Conduct Trade Studies
Select Architectures
Engineering Communication

Clear decision-making process - increase in decision velocity

V&v Method for evaluating the health & status of the Agency implementation
Deployment strategy for DE implementation across the Agency

Auditing method utilizing CM best practices to ensure to ensure mission
objectives.

Improved Agility
Improved Quality
Improved Efficiency
V&V Usage

Standardized Development
Standardized Integration
Standardized Usage
Standardized Central Data
Common Policies

Guidelines

Tool Standards

Tool Interoperability Standards
Tool Procurement/Development
DE Terminology

Objectives

Integrate model libraries while also maintaining ASoT.

Establish a Governance for ASoT. CM Strategy

Method for integrating Engineering Data. Number of PLM systems
Method for Configuration Management (CM) of ASoT to be shared Approval of PLM systems

with internal entities. PLM for Acquisi.tion

Method for CM of ASoT to be shared with external entities. PLM for E_XECUUOH

Process for data & IT security to be implemented across the DE PLM for Lifecycle Development
domain. PLM for Workflow Management

PLM For Inventory Management
Maintain PLM Licensing

PLM Sustainment

CM Processes For systems

CM status accounting data for systems

Integrate NPRs into processes.
Environment for managing similar sets of data.
Environment for integrated data.

Protocols for IT to enable collaboration.

*  G6 Digital Threads: Develop strategies for Digital Threads/Ecosystem / Strategy for toolchains.

that improve collaboration, data exchange, design formulation, data-
centric processes and workflows, operations, and insight, and data-
informed decision making.

*  G7 Culture and Workforce: Evolve NASA Culture and the Workforce by

Provide IT the tools to enable collaboration.

Inform changes to the NPRs. ) ) . . .
Establish outreach programs including training development activities

Organize professional DE roles
Establish outreach programs developing DE expertise

creating a demand for adoption of DE techniques, providing training,
and cultivating a digital engineering community.

v

Organize professional DE role responsibilities
Create a policy for systematic adoption
Establish a DE community



Engineering Project Lifecycle

Engineering Domain

NPR 7123

NPR’s — provide Agen\ PR 7132@;5’[@ s

Core Technical
Process

Project or
External

Logically
decomposed

Input

/" Customer (current product “\
layer) expectations

+ Other stakeholder
expectations,

* Funding

« Project schedule

* Enabling products (if
procured)

* Identified requirement
change need

/~ Validated Stakeholder

Core Technical

g

Stakeholder expectations
current NPR P * Comming productsupport [
Defi strategies
\oMmoes
d O C u m e nt to [ Technical N ;E:::and other technical
FEng +_Technical work directives
understand the

Technical Risk I_)i + Technicalrisk reports ]—)

intended
processed flow

Technical
Assessment

+ Current baselined info and
documents.

+ CM Reports

+ List of configuration items

under control

Technical Requirements
Definition

Analyze scope of problem

Define functional and

Define design and
product i

A

Define technical
requirements in
acceptable “shall”
statements

* Form of technical data
products

+ Technical data electronic
exchange formats

+Delivered technical data

* Life-cycle review and metric
results/findings
+ Other analysis and

in technical terms

2

Define performance
requirements for each
defined functional and

Output
P Process
. Valida(edte::hmcal
requirements
+ SRR Review products EimE]

* Identified expectation change
need

Expectations
Definition

* Validated Technical

* Measures of Performance Logical
(MOPs) Decomposition
* Technical
Measures (TPMs)
Product

* Validated technical
requirements

ication

PE—

Validate technical
requirements

Define measures of
performance for each
measure of
effectiveness

—

Decision
Analysis

* Alternative selection
recommendations and
impacts

Note: All baselined information is provided through
the CM process. However, to clarify the initial origin of
the information, the originating process is shown in this

diagram.

Establish technical
requirements baseline

Define technical
performance measures

Interface
Management

—)[~ Technical requirements. ]—)[
+ Technicalrisk issues }—)' Fechnlcal Rk

* Validated technical
requirements

+ MOPs

. TPMs

Management

< MOPs

. TPMs

+ Technical Requirements
Definition work products

+ Other technical data
products to be managed

+_Technical data requests

Technical Data
Management

Technical
Assessment

+ MOPs
.« TPMs
«_ SRR Review products

Capture Technical Requirements Definition work
products and lessons learned

* Decision need, alternatives,
issues or problems and
supporting data

Decision
Analysis

Support Centers as they update
their derivative processes to be
more data-centric as part of
their transformation.

Created Common
Document meta-
model framework
so all the NPR
models would be
structured
consistently

Data-Centric analysis of the process
models and provide recommendations

for updates to the NPRs.
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NPR Analysis Process

Data and Product Characterization by Topic
(cost/schedule, authority, etc)

— Differentiate between data items and deliverables Data and Reauirement Integrate Recommend
. . . .. Product eqU|rerT1en Pt NPR Changes to
— Data Hierarchy and consolidation (preliminary, update, here e Re-write apere OPRs
baseline) T

Review associated topic requirements and
implement Easy Approach to Requirement Syntax

(EARS) compliance s
— Remove multiple continuances, vague words, etc. _ 11t S T T T I T I I e T
— Re-write (possibly multiple statements) EREES ss%és%ﬁis%éa=§§§Es=siiiiiuss§s"ssinss i1
— Ensure roles and responsibilities are clear B I B EEE EEEEEEEEEEEEEEEEEEEEEEE

|- ] Bazsiine Accegtance Plan
| L E prafiminery Accestance Flan
+ I Acquisition Strategy

Integrate Processes T
— Ensure data item traceability into deliverables %%ﬁ%:mmm
— Ensure activities that produce deliverables have a T e e et _
responsible role for execution e

L ] il of Matmrisis
+ E Certification o Critical Seet Remsdiness
[ Finsl Certification of Critical Svmt Amafines

Provide recommendations to OPRs el

+ Bl Ceciout and Activation Plan
[ Preliminary Checkout and Activation Plan
- B command snd Telmmatry List

In parallel — Model Usage and Documentation i
— Programs/projects — ease compliance burden e —

— Technical Authorities — mapping into Center processes

— Systems Engineering — Support lifecycle reviews o



Integrated Digital Engineering Framework per Lifecycle of a N(\.'aA

o~
SRR PDR CDR SAR

System Concept Engineering, Analysis, and Build

Spans the lifecycle of project

O Complex until you know how
— Build slow, steady & smartly — don’t have to eat the
elephant on day one.
, Tailorable to specific program/project
Less errors in engineering (found in manufacturing & testing)
Increase speed of develop & delivery of missions

Validati¥

Design Simulatro

Designed

Prototype Hardware / Softwlare Flight Unit Hardware / Software

Design Tools

Manufacturing & Assembly Simulations
Hardware Models § %

Software Code

it il ..

p—
—— ] Multi-physics / Domain-specific parametric design and analysis tools
‘ 1 | | 1 [—
Data Acquisition Tools / Instrumentation
[ | —
1 VR / AR Viewports
T

* Some PLM systemns may integrate with multi-physics tools and/or store analysis results.



Orion Digital Twin Project 2021-2022 Activities

FY2021 | 2022

== = = - ik ass e September

EPS Schematics

,? 88 ° Block Definitions
e Hierarchy
e Interfaces

Artemis | Test Case

Development

EPS Simulation EPS Twin Integration

¢ Prototype e Feedback from live mission

¢ Depth Trade
e Domain Research

* Define Sim Scenario * Telemetry Interface use by EPS engineering team
¢ Operational Data

¢ Define behavior model

¢ Develop GUI for live Interface
mission scenario

¢ Schematic Integration

¢ June — Board interfaces &
“Switch” details

e July — Loads
* Aug+ - Board internals

e Parameter Definition

Further Subsystem

EPS Digital Twin Development
Validation/Evaluation ¢ Multi-Domain Simulation
. . . . e Model-Based Review ¢ Tool Integration

10 months of modeling and 8 months of validation. o Livs v « Comprehensive Digital Twin
* Over 9,000 components represented « Automated Audits Framework
* ~6000 elements of definition reused
* Over 130 hyperlinks to schematics database integrated into SysML Model

* Over 4,500 interfaces defined between components Package for Agency Wide Use :
* 2,208 ports imported ready for CD&H/Avionics/GNC subsystems o Lessons Learned '
* Over 500 loads integrated into EPS architecture ‘zaﬁitizsg el |
* Automated syncing and validation of data and architecture to authoritative . R(;rtIJZzt:\b:erg(?r/nponents )
sources ———

e Simulation utilizing built architecture and imported component specifications/ 2023 INCOSE IS Best Paper in Mod/Sim Category




Year 1 (FY22) Digital Engine

[ NAza Cantats ot DOWID L5 Sbage

MBE

MBSE

ering Activities
)

MBE Site visits with JPL,

MBSE @ Inter-Agency MBE DT Brief to OCE MBE Re-Org SpaceX, Aerospace Corp.,
FY22 Working Group 11/16/21 : Integrated MBE Kickoff 1/31/22 5/19/22 6/07/22 ; & NRO 8/01-04/22 Sep. 22
v v v v v v ¥ NROBriefof MBSE v i
MBE / MBSE Merger  MBE Funding MBSE Brief to MBE Baselining as Integrated Team |  NASA SE Workshop 4/04- Infusion Effort 7/08/22 NRO Annual Summit 9/16/22
08/22
. . Summer Faculty Support for MBE Scope Refinement
Integrated MBSE into MBE and reorganized to DE to
g to Navy/NAVSEA MBSE

encompass whole lifecycle of engineering.
Multi-center PLM in NASA cloud Pilot

Orion DT completion of EPS

APPEL Tier 4 training available to workforce
Modeling of NPR 7123, 7120.5/.8 & 8705
NASA MBSE Modeling Handbook released

Agency benchmarking of toolchain capabilities

| i Apr

[ APPEL Tier 4 MBSE Training Pilot

oP. 3/20/22 . Idaho NL 4/20/22

ATP 5/10/22 Kickoff 5/25/22

vV V

Leverages E-APMB survey data
ATP 5/12/22

 Task 3 \2

Kickoff 6/06/22

v

MBE Task ¢

J Cloud-Based Multi-Center PLM Pilot

Draft toolchain “architecture” 9/30/22 V

ident. Interoperability regs.

Final product 11/15/22

Piloting Complete
8/08/22

Modeling Initial Pass
Complete 9/30/22

Devel. ]

Planning/Prep Init. Model Arch.

»
<« Ll | »

Model 7123 / 7120.5 & integrate with MB MA 8705 models (WYE)

inalize Modeling Drill Down

& Plan for Process
Ooticaizal

Process Modeling Model Integration

> < » < P $on

-~

Northrop Grumman 5/25/22 .

APPEL Mod. Requs for Tier 1-3 MBSE Training to use

MagicDraw & align with Tier 4 Training
EL Tier 4 MBSE Training Available to NASA

@ Pratt & Whitney 5/13/22

@ Aerojet Rocketdyne 6/17/22

@ GE Aviation 7/15/22
@ Booze-Allen 7/08/22
. Institute for Digital Enterprise Advancement

g Activities (FTE)

\MBE Task 2 MBSE External Training Benchmarkir

[ MBSE NASA Handbook NASA-HDBK-1009 (FTE

) Development and internal review

Orion Demo to Orion
Chief Engineer & VIO
Office 11/12/21
MBE Task 4

Presented @ Transformation Tue 11/16/21

f
.

Transformation

Orion Demo to JSC Center Director 6/02/22
Update 6/14/22

Orion Demo to MBSE CoP 5/25/22

Orion Digital Twin (FTE/WYE)

Blue Text - represents training benchmarking

Orion Demo to MB MA / OSMA w/ideas of how to

Agency-wide Expect OCE to Sign by 9/30/22
review 6/23-
7/2122 Development of proposal for management of
NASA-specific Standards in data-centric
Tue approach (FTE)

v~ Demo to NRO 8/04/22

\ A

generate fault trees 5/24/22 Working Group 6/1

Orion Demo to Artemis MBSE

Demo to Gateway Management 13
per request 7/29/22

0/22



DE Plan Presented at PTC
LiveWorx 5/16 — 19/23

Orion DT Demo to NRO MBSE CoP 4/25/23

Year 2: FY23 DE Project Schedule

DE Plan to Houston Space Port
FY23

reatConference 2/13/23

DE Plan to NASA SE Workshop 4/19/23

Sandy Friedenthal talked SysML 2.0
DE Midpoint Review to DT 3/30/23

MLT Final Scope Planning

at MBSC CoP 11/03/22 .
o s . 1/19/23 DE/DoD Planning for Fall Face X .
NRO Training Digital Transfoymation Workshop to Face 3/10/23 NASA/DE/Microsoft Collaboration/vent 3/21/23
Tag (Gov only) @ lfaRC MLT Leadership Tansition to Trish i
EMB Face-to-F here DE pl DE Qtr w/OCE 3/14/23 Sandia NL DE B DE Status
10/07/22 10/25-27/22 NGV WRAE Bt DS Was Nicoli 1/25/23 Workshop 5/8-12/2

6/13/23

—_

DE/NRO; Face2Face

briefed 11/30/22

INCOSE IS 2023

DE/OCIO Architecture
Workshop 8/1-4/23

RFI for how to da' DE .
with NASA to Industry
9/XX/23 ____

7/17-20/23

NASA-NG DT Maturi
Fol]ow-¢p12/ 12/22

" Monthly MBSE/NRO Tag

W
[ Sup DT Tx Engineering Worl

NASA/NG DT Brief 2/06/23

Orion DT Demo to MSFC Eng.
Management 2/06/23

Leadership Face2Face 4/17/23
DE Support to SBIR Reviews 4/24 —5/05/23

DE Task 5

A4

Definition of what DE means for NASA: NGO’s to Capabilities
Engagement with DoD, DoE, Intelligence and FAA on DE

Cloud-Based Multi-C

DE Task 1

Build Governance and Business Plan

lift-&-sh

ift ops w/DoD

v Draft toolchain white|

Continued modeling & Data-centric analysis of NPR 7123, 7120.5/.8 &
8705

-
k Acencv 100

Interoperability regs. (W

N

Funded toolchain investment activities — likely at Center level if
reserves are available.

Agency benchmarking of toolchain capabilities concluded

Design to Manufacturing

D2M Cap. Needs Plan per Center 9/01/23

v

Focus on Design to Manufacturing

(D2Mm)

D2M Pilot

RFI to Industry
A Interoperability / data exchange standards for engineering data thread

Addtl. funding approved | Begin Update NASA-HDBK-1004 |
to model NPD 7120.4

8/04/23 v Begin Update NASA-HDBK-1009 '

Model 7123 / 7120.5 & integi aie v v

Finalize Modeling Drill Down & Plan for Proces]
dl

Nodels fo

alysis of I}

Optimization

Provide Recommendations for update of NPRs 09/xx/23 v

r data-centric changes

»

A\ 4
A

<

DE Task 2: Workforce Traini

[ Devel APPEL Tier 5 MBSE Training Requirements

)

N9

»

APPEL Tier 5 MBSE Training Pilot

DE Task 6

MBCA 4.1 CM Plan for Models

MBSE

MBCA 2.10 Interface Definition and Management

MBCA 6.6 User Interface (Ul), Viewpoint/Views, and Visualization standard temp!

late, Development of viewpoint definitions and instantiate examples.

-

FTE Lead was pulled away for higher day job responsibilities — trying
at low level.

—

[Development of proposal for management of NASA-specific Standards in

t:o fine new lead. In the meantime, using JSC contributed WYE on effort]
data-centric approach allowing tailoring & SysML integration. (FTE) '

.

Review within OCE and NESC and go-forward decision (FTE)

DE NGO Modeling: Approach
Review 3/02/23 |

Agency Review of DE
NGOs 5/01-15/23

; ; DE Scope Kick-off 1/15/23
DE Task 4

g4 DE Scope Definition and Strategic Plan (FTE & WYE)

EMB wants def. of success

Devel DE Capability Requirements & Map to current and future funded Activities at

|

DTE Scope Modeling & Review Approach
w/MLT and DE 3/28/23

Agency & Centers to inform EMB DE Progress Metrics & Budget Planning

14



Phased Integration of Commonly Used Engineering Tools w/in NASA
Engineering Domain

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Py
o
.
.
o
o
o

\/ Code repository
GitLab
v \ / Trick
@ STK ANSYS Post2 VX

~ i
JA Jconnect“ SYSTEMS MODELER A, Teamwork Cloud® - - - - - R

MATLAB
GN&C Software
 codebeamer- SysML Modeling SysML Model

\ Code Management

P\ python

Management \WUN\ Analytics J K & Sim j
Requirements T

kManagement J
v
Integrated Systlm Goals ‘ PLM
. Utilizes federated credentialing to provide ability for Siemens
domestic gov and industry partners can connect into our Teamcenter X

system for collaboration.

Federated IDP

. Understand how to deploy integrated toolchains ET2TC \/ Credentialing (Access
. Multi-center, cloud-based enterprise license management r.‘. windchill’ pLm Control)

. Understand needed interoperability / data exchange ;
protocol standards ET2TC Cloud License
- P Management

" Ph’\ {&um(m } J
» ii creo
{ L:M " || DESIGNER WY \nsys SM SimManager
NExus MINERVA
ECAD PLM ECAD S'EME“S”X Bl SPDM SPDM
MCAD MCAD
On Premise /
On Premlse/
.............................................................. served from Cloud Served from Cloud SPDM —Simulation Product Data Management

Trade names and trademarks are used in this report for identification only. Their usage does not constitute an official endorsement, either expressed or implied, by the National Aeronautics and Space Administration. ET2TC - Exiting tool to tool connector 15



Example of Siemens tools as part of MSFC
Engineering: Composite Cryo development tank

&
*
&
@

&
©
o’.

@]
D

+ 9 002999/--D02999-CR...
+ [#1 3 003008.assyfem]/...
+ [ /] @ 003001.fem2/ a1
+ [/]@ 003001 fem2/A:1
+ [ /] 003001 fem2/A:1
+ [ /] @ 003001 fem2/ A1
+ E*Uni\f!rﬂl(unnec...

8 connection(s)

(Filter : Off){Sort : Off) @

Estimated time savings for design revision:

Utilities

= Only FaceDisplay Adjacent andHide &

Siemens =5 minutes

Y@@ Nwm -

St Ll b+
Context b Properties " 'Poly.." Mesh™ Connections ¥ 'Universal Connec.. ™  Checks and Information =
= Menu~+ | « | |Entire Assembly - A %v ‘%:‘- = ] @E@e 2 ﬂ"vev%'
© | Simulation Navigator O § (Assembly FEM) 002999.assyfem1/A;1-Main ASSY FEM @ X
Object C.  Status Filter Environment
% & 002999.assyfem1/A;1-M... Displayed & W... Default: Simcenter Nastrai

Default: Simcenter Nastrai
Default: Simcenter Nastrai
Default: Simcenter Nastrai
Default: Simcenter Nastra
Default: Simcenter Nastrai

+ [#]7" 1D Collectors (Filter : Off){Sort : Off)
+ IS Csys (Filter : Off)(Sort : Off)
=7 Selection Recipes (Filter : Off){Sort : Off)
+ 5 Groups (Filter : Off)(Sort : Off)
+ Fixl Fields (Filter : Off)(Sort : OFf)
Gﬂ Modeling Objects (Filter : Off){Sort : Off)
8, Connection Element... (Filter : On){Sort : Off)
< >
Simulation File View A
MName Status Teamcenter Name Teamcente
Session A
- & 002999.assyfer1/A;1-Main ASSY F... Displayed & Work Main ASSY FEM 002999..
& 002999/--002999-CRRD2 Assy CRRDZ Assy 002999
- B 003008.2ssyfem1/A:1-Tank Ass... Tank Assy FEM 003008.:
& 003008/ --003008- TANK Assy TANK Assy 003008
- ¢ 003009 .fem1/A;1 003009.fem1 003009.1
- -3 003009.i1/A;:1 003004.11 003009,
& 003009/--003009-TA... TANK Ring, Center 003009
- 8§ 003007 fern1/A1 003007 fern 0030074
- -3 D03007.11/A:1 003007.11 0030074 o
& 003007/--003007-TA... TANK Cylinder 003007 =
- - 003001 fem/A1 003001.fem2 0030014 e ".r
_lL' | =57 003001.i2/A:1 003001.12 ooauo;ﬂ .

mber of Enities: 2




MSFC Vacuum Chamber Regolith Bed Stress Analysis Cycle Example
Time Comparison:

Traditional | Integrated

Approach: | Approach :
FEMAP Simcenter Model changes

Initial Design: 12 hrs5min 1 hrs 45 min -
Iteration 1: 12 hrs 5 min 20 min Cross-section size and beam type
Iteration 2: 10 hrs 20 min 1 hrs45 min  From fasteners to welded

Iteration 3: 11 hrs 50 min 2 hrs 15 min AL to Steel; significant sizing changes

Iteration 4: 8 hrs 5 min 1 hrs 15 min  Added vertical stiffeners
Iteration 5: 3hrs45 min 55 min Forklift tube changes
Iteration 6: 6 hrs 6 hrs Weld changes

Total: 64 hrs 10 min 14 hrs 25 min




GOING FORWARD



The Asks to Industry w

 Software Vendors

— Work closely with US government agencies in determining which existing industry standards are

needed to support digital toolchains to form needed digital engineering threads, and/or which
need to be created.

— Be compliant with said standards asap.

* Aero/Defense Industry Partners

— Work with/partner with US government agencies to determine the best way to collaborate

(engineering and data exchange) while protecting IP so that solutions can be identified and put
into place asap.

— Respond to NASA RFI regarding future desired approaches to procurement and acquisitions,
and paradigm shift from making money on DRDs (and associated changes) to focusing on
interconnectivity and focusing efforts on accelerating project/program Concept to Operations.
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