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May, 2023 “It is not necessary to change. Survival is not mandatory.”

(W. Edwards - Deming Institute, 2019)




AGENDA

" The Big Picture: DT and The Transformation of Engineering Quadrant
® Transformation of Engineering - It takes a village ..
" Digital Engineering Framework

" Things which have been accomplished
0 Integrated Digital Engineering (DE)
0 Orion Digital Twin
o MBSE

- ® The plan going forward
0 The Agency
0 Centers




PROPOSED TRANSFORMATION TARGETS - DIGITAL LEVED€<

Enable agile multi-
center/partner engineering
teams to solve frontier
problems




TRANSFORMATION OF ENGINEERING - IT TAKES A
VILLAGE

Lift & Shift
from other
Gov
Agencies

Mission
Directorates

Contribution
s of the
Centers

Office of
Chief Eng.

NASA's Digital Engineering Transformation Efforts




——— TRANSFORM ENGINEERING - AREAS OF FOCUS

Need: Goals (agreed to by EDs @ EMB 11-04-21):
Enable agile multi- 1. Establish Engineering Ecosystem Across the Engineering Life
center/partner Cycle, including Best Practices
engineeringteamsto » 2. Formalize the Development, Integration, and Use of Models
solve frontier problems 3 Provide | dEng 0 D
via integrated digital . Provide Integrated Engineering Data
engineering 4. Develop protocols and IT tools to enable collaboration

5. Evolve Culture and Workforce
Objectives:

* Inclusive, integrated multi-center/partner teams

Tailorable to * Sharedinteroperable development environment that enables agile interdisciplinary
modsim/test, rapid learning & diverse mission-driven approaches

« * Integrated cross-org, configuration managed, data-centric processes to rapidly &
affordably develop/evaluate options & close complex designs

programs/projects

Address current Pain points
Achieve needed efficiencies
Fill ca pabi [ity gaps needed measures, and common taxonomies/ontologies.

today and for tomorrow * Multi-fidelity digital twins to enable rapid concept-design-develop-build-test-

, evaluate-operate life-cycle engineering solutions & ii iiiii iiiiiii

 Authoritative, discoverable design/analysis/test artifacts with integrated confidence




Integrated Digital Engineering Framework per Lifecycle of a Project

SRR PDR CDR SAR
N~ » _—% _—%
System Concept Engineering, Analysis, and Build
/ Spans the lifecycle of project
- O r Complex until you know how
) Build slow, steady & smartly - don't have to eat
the elephant onday one.

Tailorable to specific program/project

Less errorsin engineering (found in manufacturing &
I Validg testing)
Increase speed of develop & delivery of

MISSIONS !
Design Simulatro _ t/
Designed
» r
|
Prototype Hardware / Software Flight Unit Hardware / Software
DeSIgn Tools Manufacturing & Assembly Simulations

Hardware Models

Software Code

i

L] Multi-physics / Domain-specific parametric design and analysis tools

1 |
Data Acquisition Tools / Instrumentation

Digital thread and integrated data flow VR | AR Viewports
IS represented via arrows
p * Some PLM systems may integrate-with multi-physics tools and/or store analysis results.




— Orion DT Project 2021-2022 Plan & Milestones

FY2021 | 2022

_— —5 s R o . . . .
> e :‘j i o i > o > R P >>September MMMM

EPS Schematics

+ Block Definitions

+ Hierarchy

- Interfaces

+ Schematic Integration

- June - Board interfaces
& “Switch" details

« July - Loads
- Aug+ - Board internals

EPS Simulation Artemis | Test Qase
- Define Sim Scenario Integration . Fmeisescilgr?al;;rg;ﬁlzlg/se
- Define behavior - Telemetry Interface engineering team

model . - Operational Data
* Develop GUI for live Interface

Development
* Prototype

- Depth Trade
- Domain Research

Further Subsystem

EPS Digital Twin Development
Validation/Evaluation - Multi-Domain Simulation
- Tool Integration

+ Comprehensive Digital
Twin Framework

+ Model-Based Review
* Live Reviews
- Automated Audits

/Initial proposalincluded 10 monthsof modeling and 8 months of \
validation per system. Package for Agency Wide Use
» Project Execution: Team finished modeling and initiated script- . Lessons Learned
based verificationin Dec-Jan '22 per plan. Spring of ‘22 performed + Sanitized Model
internal checks of the content that couldn'tbe verified using * Script Library
scripts, and delivered models, scripts and lessons learned to the - Reusable Components

NASA CoP.
. . /




YEAR1 (FY22) DIGITAL ENGINEERING ACTIVITIES

[ NASACenters atCoVID-19Stage 3 MBE Site visits with
MBSE @ Inter-Agency . MBE DT Brief to OCE MBE Re-Org JPL, SpaceX,
FY22 Working Group 11/16/21 | Integrated MBE Kickoff £/18/23 6/07/22 Aerospace Corp., & Sep. 22
- — — * W1/22 — e o NRO 8/03-04/22 T
v v ¥ L 4 v %" NRO Brief of MBSE; v v
MBE / MBSE Merger MB MBSE Briefto MBE Baselining as Integrated | NASA SE Workshop Infusion Effort NRO Annual Summit 9/16/22
' 4/04-08/22 7/08/22
Integrated MBSE into MBE and reorganizedto
- - : to Navy/NAVSEA : s
DE to encompass whole lifecycle of engineering. s o -empysys MBE Task 5

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

APPEL Mod. Requs for Tier 1-3 MBSE Training
to use MagicDraw & align with Tier 4 Training

[ APPEL Tier 4 MBSE Training Pilot| ISl APPEL Tier 4 MBSE Training Available to NASA

Kickoff 5/25/22

5/10/ %’ Draft toolchain “architecture” 9/30/ ZX?

pencnmarkAgency-roolchainsanaildentinteroperabiity reqs: -
\X/Y

Leverages E-APMB survey data Final product11/15/22

ATP5/12/22 Kickoff 6,/06/22 Piloting Complete

8/08/22

Modeling Initial Pass
Complete 9/30/22

y

Planning/Prep  Init. Model Arch. M Model Integration Down & PLan for Process
> ¢—CpPl

< odeling N -

® Aerojet Rocketdyne
6/17/22 GE Aviation

Booze- Mkt 22

. 7/08/22
@ Institute for Digital Enterprise Advancement

7/08/22

Northrop Grumman 5/25/22 o
@ Pratt & Whitney 5/13/22

\MBE Task 2 MBSE External Training Benchmarking Activities (FTE)

" MBSE

[ 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

Expect OCE to Sign by
Agency-
e 0/30s25 V.
review Development of proposal for
6/23-7/21 management of NASA-specific
Orion Demo to JSC Center Director  yansformation Tue& Standards in data-centric approach (FTE)
6/02/22 bda
Orion Demo to MBSECoP Update 6/14/22 —— Demo to NRO 8,04/ 22

Orion Digital Twin (FTE/\W/YE)

Orion Demo to Mé MA / OSMA w/ideas of how
to generate fault trees 5/24/22

Demo to Gateway
Orion Demo to Artemls MBSE Management per request

Working Group 6/10/22 7/29/22



— PHASED INTEGRATION PILOT OF COMMONLY USED

ENGINEERING TOOLS

Phasel - FY22

Multl Center PLM System Goals

Provide cloud-based repository to
manage drawings, models and all project
baselined artifacts including a release
process workflow

" Improve data accessibility

" Integrate with agency systems and
processes

o (Launchpad, NAMS)

®  Broaden usage across centers improving
system utilization

o Manufacturing, Quality, EDCC users

B |mprove system security through
consolidation

o Reduce cost by only having one
security plan

JSC

(

| (* PhaseV .

| Participating Centers:
I

| + GRC

\
| KSC

¢ windchill' | |

Multi-Center PL }

\h__ I {
Phase |

Phase\/
.’ creos

MCAD

On Premise

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.

o An‘ mention of specific vendor tools doesn'timply endorsement by NASA l ’_
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Integrated System Goals

m Utilizes federated credentialing to provide ability for
domestic gov and industry partners can connectinto our
system for collaboration.

u Deploy integrated analysis tools

ET2TC
u Deploy GN&C developmenttools and software

management platform (Teamcenter?) and linked to
requirements.

u Integration with One Big Idea/Project Luna

=1 Multi-center, croud'—bafed'enterprlse license management

N

4 | bebiower
A J
ECAD PLM ECAD

On Premise /
Served from Cloud

e
0
‘e
‘e
‘
ey
.
------------------------------------------------------

- ET2TC-Exitingtooltotool connector

¥ Alt

Sievens PI— M

Teamcenter X

PTC
¢ windchill

Federated IDP
Credentialing

Multi-Center PL

On Premise /
Served from Cloud

(Access Control)

ET2TC Cloud License
Management
@
\nsys SM ‘ SimManager- Trade names and trademarks are
MINERVA used in this report for identification
only. Their usage does not constitute
SPDM SPDM an official endorsement, either
expressed or implied, by the National
Aeronautics and Space Administration.
SPDM - Simulation Product Data Management...="



VERY LARGE 3D MODEL USAGE
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—— VERY LARGE 3D MODEL USAGE

‘s|creo*

= ‘ E 4 nd * ; i
=2 SHEEENLUE )T O 7L ™| K5 2
= B . N )
Find | Sefect ' Cross-Select | Zoom  Zoom Spin  Onentation Render Fihers:  Light Tancform  Preset Pestore  Capture
v B * |Mode* Mode~ Alt* Window Center = v - Mode = Scenes~ - Explode * | Location ™ Location ~
Views Selection Navigation Display . Lighting Locabon Appearance
Jiviemsbles @ an  Bose  [Fm ...
F : NOTR
_ Name « Part Name [ o
(@ Default View
Empty View
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GOING FORWARD




FY23 DIGITALENGINEERING PLAN

Close Partnership with the Center Engineering Directorates:

®  Directinvolvement to better understand current capabilities, where they want to get to.
®  Leverage current capabilities of Centers with other Centersin need of the capability.

" Formulatea plan for pilot projects which advance a Center's needs and those of other Centers.

Complete Agency Process Mapping and perform Data-centric optimization, formulate interoperability
requirements, and recommended toolchain with short list of tools per domain per project/program lifecycle.

Domestic Partners:

" Release a RFIfor recommendation for successful digital engineering toolchains to solution providers, to
inform NASA's internal recommendations in the event there are unknown unknowns to NASA inthis area.

- B Release a RFIto domestic partners regarding how they would like to do business with NASA, collaborate,
exchange datavia contractual mechanisms to shape NASA's near-term capabilities.

| International Partners:

~ ® Engage to develop capability to securely collaborate and exchange information seamlessly.

R R RRRRRRRRRRRRERERRERRREEREESSEEEEEBDEEES—S—S——S——SS s



FY23-25 DE

Digital Transformation Workshop (Gov only) @ LaRC
10/25-27/22

RFI for how to do DE with NASA to Industry
12/XX/22

Theme or Major initiative
Agency Activity

[ Agency Planning Activity ]

TRANSFORMATION PLAN

Notional / Pre-Decisional

Sep. 25

E EMB at Face 2 Face

DE IE-II%(BQ’g{a?t%Is 11/10/22

Understand lift-&-shift ops w/DoD

@
Ll
Q Finalize Center agreements

.. ORS. .
Finaliz& Rgency Phase | toolchain
9 Y e c of their contribution to

baseline survey

Plan lift-&-shift w/DoD Execute lift-&-shift w/DoD

ining gaps / infuse newly identified needed

Cloud-Centric SolutionSpace benefit multiple cent

Identify other tools whic

tSTJLE)Bort planning
for centers
interestedin

migrating

Cloud-Based Multi-Center PLM Governance &
Sustainable business model

Data & Processes

Model & analyze 7123 /71205 & integrate with
MB MA 8705 models

Finalize
interoperability
and data format
requirements

Explore unification

Update of approved changes to NPRs

AlAlJ - = A 4
O O-0d o P dings &
ers -
; HIOad C O O »
- Data-ce engineering wWo O
I [
r Broad ationo egratead oM ele 3
ederated A oritative SO es o
v Provide Recommendations for update of NPRs
i 04/xx/23

of 7123, 7120.5/.8 & 8705 into centralized model flagged by discipline. ' Update of approved changes to NPRs & training

MBSE

[ Understand lift-&-shift ops w/INCOSE

| Execute lift-&-shift w/INCOSE

)

[ Understand lift-&-shift ops w/DoD

MBSE Capability Maturation

Perform rev 3 of MBSE Cap Asses.

Devel. Tier 5 Pilot Tier 5 MBSE APPEL Course l
APPEL Reqgs.

[ Update NASA-HDBK-1004

Execute lift-&-shift w/DoD

l Update NASA-HDBK-1009




——— SIMPLIFIED DIGITAL ENGINEERING
IMPLEMENTATION APPROACH

Today's Model proceéses Common host tools Link in specialty / ﬁ Domain fully-integrated
practices and baseline and link/pass data parametric tools tool chain and data-
toolchains with minimal effort centric processes and
data constructs
Identify your Identify which Data exchange Secondary /
processes & primary tools are between analytic toolsare : i
tools by available to multiple primary tools is availablein Con5|s'tent Dlgltal
functionand people automatedor enterprise solution Engineering
domain, and (server/cloud noted with minimal and are linkedin Across the
datarepositories by blge circle). mouse clicks with primary tool : _
identify negfl}.led chainand digital Seamless Data-centric
| g\;fvrvoepeenrz(ajalt:y l twins Integration, collaboration,
ebositorios 2024 2025 data exchange with
2023°P ' Domesticand

International Partners.

Shift in Agency/Eng. Culture
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V.

Please fill ouf l_!:h.e‘;seSSion survey.

- Take your post'—:sessﬂion survey(s)

either in the event mobile app or via
emalil post-event.

Your feedback provides us with
valuable information on how to shape
future content strategy for the event!

PROVIDE SESSION FEEDBACK
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ptc.com
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THANK YOU


https://www.ptc.com/
https://facebook.com/ptc.inc
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