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Defining a Model-Based Definition (MBD) Maturity Model
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MBD Implementation Approach

The MBD Architect’s Implementation Goal is:

To establish a governance framework that enables New programs to successfully author, exchange,
and consume digital data by creating, exploiting, and managing a comprehensive test environment.

The MBD Architect’'s Objectives are to:

» Provide a common interpretation of product definition data across multiple organizations.

» Promote the use of models & authoritative sources to make better decisions across the lifecycle.
> |dentify, organize, and implement a model-based standards framework for product definition.
>

Provide a tfraceable data linkage between all the primary performers in the product definition
standards identification, development, and testing efforts.

Determine applicability and effectiveness of current industry standards and best practices to be
considered for the a New Program.

Define a process which supports Design for Distributed Manufacturing datasets.

m] Creating an authorative source of truth that is used in downstream manufacturing,
inspection, and assembly processes, on a digitally designed shipbuilding program.



MBD delivers Consistent Actionable Digital Data

Model-Based Definition (MBD) is a key component of a Model-Based Enterprise
(MBE) in which 3D models contain all the information necessary to replace
drawing-based products.

The MBD information includes: T (et
v" Model behavior | e
v Shape definition « |
v" Dimensions <y
v Tolerances & Materials y
v' Manufacturing definitions: / e
= Weld call-outs prr oy

= Assembly fit-up information

MBD Provides:
v' Authoritative Source Data Traceability
v" Neuftral Interoperable Formats
v' Preserved Feature ID’s & Intent

MBD is more than a technical upgrade, It's a Strategic Leap.




Model-Based Definition (MBD)
“ATOMIC LEVEL” Product Definition Dataset (PDD)

UNIVERSE SOLAR SYSTEM EARTH ATOM (S) ATOMIC STRUCTURE

. ©
¥ PROTON
0 ELECTRON
NNS will provide requirements traceability to the level Model-Based Characteristics allows.
SHIP ENVIRONMENT SHIP MODEL ASSEMBLY MODEL(S) PART MODEL(S) DATA STRUCTURE

(MBSE-Requirements) (Spec’s & Systems) (Plan / Arrangements) (3D Geometry, MBD) (PDD: Product Definition Dataset)

(PMI) o . = ==

{REQ-ME-D2a{PCoa1 JOR:5.2) CMM:100%, /
Digital Standards = 3D Geometry
. = Annotation (PMI)
Attributes & MBC

CAE Analysis

Stondards Socreties

DIGITAL _

T | |
£ o :
L‘;’E,:/Jf J ASME @ = Requirements (MBSE)
R a o = Material / Analysis
. POES, Inc.” DIF
rm““ e PP ww [LoTAR s Derivative products
= Documents

[I]] MBD has Product Definition Datasets (PDD) at it's Core Structure



MBD Maturity Model Core - Product Definition Dataset (PDD)

Product Definition Dataset
(PDD)

The Product Definition Dataset
(PDD) is a collection of one or more
data file(s) that discloses, directly or
by reference, by means of
presentation (graphic or textual),
representation (semantic or
Part (s) machine readable), or combination
Visible and/or , ,
Annotation on Assembly of both, the physical or functional

Derivative
Products;
Technical Data
Packages, VWIs

MBSE Artifacts,
Model prepared
from Trade Studies,
CDD, Ship Spec’s
Etc.

Parts, Of Parts Model-Based requirements of an item.
Query-able Characteristics
Attributes for (MBC)

CAD Artifacts,
CAE Analysis Data,
Simulation Models,
Test Requirements




Product Definition Dataset (PDD) Objectives

Objectives for defining Product Definition Dataset (PDD’s) Maturity Levels:

Replace drawing based status; number completed, with model-based maturity levels
Align discrete part / assembly model PDD's with program milestones and decision points
Generate status reports as needed from database object valuations

More accurately status the design completion levels by zones & functional disciplines

Provide early nofification of design problems based on quantifiable parameters




MBD Maturity Model Framework

The MBD Maturity Model configuration manages dataset files that consist of individual components or
an assembly of parts for the purpose of design through the product life cycle.

Model-Based Definition (MBD) Maturity Model

pre- PG1 | PG2-PG3 (Design/Build Phases) PG4 - PG5 PGé PG7

Construction /

Conceptual Developmental Production )
Execution

Conceptual

_ PG = Program Maturity Levels

Dataset

Product Definition Dataset (PDD) “Maturity Level” (ML) Completeness W ot

Release

N\ ML 3

Establishing Phases for the MBD process enables setting realistic achievements, measuring progress,
and collecting feedback over a manageable window for each phase.




MBD Program Maturity Level Definitions

Mf;:g:y MBD Program Maturity Level Definitions

PG 1

PG 2

PG 3

PG 4

PG 5

PG 6

PG 7




The MBD Dataset Completeness Requirements table below specifies
the dataset maturity in relationship to the program phases.

Pre- Construction /

Conceptual Developmental ~  (Design/Build Phases) Production

Conceptual Execution

The Dataset Maturity levels (MLO-ML5) are comprehensive of
the level below and sum to a fully completed state of ML5.

duct Definition Dataset Completeness irements
(levels O-1)

Customer questions have been evaluated and assumptions documented in
the dataset.

Dataset Concept designs via Use Cases have been developed.

Dataset Enfrance/Exit criteria applied.

Dataset has been checked, reviewed, released (for archival purpose).

ML Dataset Concept designs from Trade Studies and Research & Development
have been evaluated.

ML Dataset Concept designs incorporate Lessons Learned from other ship
classes.

ML Dataset Enfrance/exit criteria applied.

ML Dataset has been checked, reviewed, released (for archival purpose).

Medel Based Definition |MBD] Maturity Model

Haturry Lawad. 1
:H:-Iull;l-nm. 7 —|
Hatary Lisss 5
| \ —

Hiaricy Ll 4

Geometry State
Level 1




duct Definition Dataset Completeness irements

(level 2)

ML 2 Dataset contains preliminary concept design from Trade Studies and is
arranged such that it can be used for analytical evaluation of the inherent
ability of the design to attain the required performance.

Geometry State

ML 2 Dataset reviews/feedback from NAVSEA, MATL, DBST and Engineering with
Comment adjudication completed and documented. Level 2
Risk/lIssues/Opportunities (RIO) be addressed during next subsequent level.
ML 2 Reliability and Maintainability Engineering: from program inception, the
SSN(X) MBSE Method ensures Reliability and Maintainability (R&M)
engineering is embedded in the system dataset.
ML 2 Dataset parts reflect preliminary (CFE) Make/Buy & GFE decision.
ML 2 Dataset Entrance/Exit criteria applied .
ML 2 Dataset has been checked, reviewed, released (for archival purpose) .




duct Definition Dataset Completeness Requirements
(level 3)

ML 3 Dataset reflects the down select of Trade Studies

ML 3 Dataset contains parts where the arrangement and location orientation
meeis the infent of approved ship specificafion .

ML 3 Dataset applies Industry Manufacturing Standards for producibility concepts
and maximizes Design for Distributive Manufacturing-(DDM)-to support
multiple Suppliers.

ML 3 Dataset utilizes human engineering concepts ASTM F-1166 in modeling and
arranging.

ML 3 Dataset reviews/feedback from NAVSEA, SUPSHIP, MATL, DBST, Engineering,
Planning with Comment adjudication completed and documented.
Risk/Issues/Opportunities (RIO) 1o be addressed during next subsequent level

ML 3 Dataset meets damage conftrol, emergency, mission critical, fleet habitability,
and safety requirements
« Toinclude identification and development of Special Emphasis Program

(SEP) systems .

ML 3 Dataset isrelated to the MBSE regts, the decomposition of ship specification
for tfraceability.

ML 3 Dataset validation of virtual prototypes to enable for testing, simulation and
design analysis

ML 3 Dataset validation of high precision standard modeling practices are
adhered to within the tool

ML 3 Dataset ensures design tolerances are adhered to which support design and
construction folerance .

ML 3 Dataset Arrangement is finalized .

ML 3 Dataset Entrance/Exit criteria applied.

ML 3 Dataset has been checked, reviewed, released (for archival purpose).

Geometry State
Level 3




duct Definition Dataset Completenes ments

(level 4)

Dataset equipment and distributive systems located per ship specifications &
diagrams and will include but not be limited to:
«  System operability
* Human interface
« Survivability which also includes Special Emphasis Program (SEP) Geometry State
requirements Level 4
« Build and test plan
* Maintenance and access of equipment and system features
* Planned removal of all equipment and system features for off-hull
maintenance
« Equipmentinterfaces (piping, electrical, HYAC, structure, etfc.)
« Shock/acoustic requirements
«  Walkways, ladders/grabs
Dataset RIOs from the reviews/feedback have been addressed with solutions.
Dataset incorporates all necessary analysis methodologies.
Dataset required design, build & manufacturing attributes are assigned.
Dataset has utilized Collision /Clearance software to ensure design tolerances

are adhered to support construction tolerance.
Dataset Entrance/Exit criteria applied
Dataset has been checked, reviewed, released (for archival purpose)




duct Definition Dataset Completeness irements

(levels 5-6)
ML 5 Dataset Approvals obtained via Tool Workflows.
ML 5 Dataset required design, build and manufacturing attributes are
finalized. Geometry State
ML 5 Dataset has been validated against MBSE technical requirements to Level 5
validate against ship specifications.
ML 5 Dataset has all views developed with annotations, model-based

characteristics (MBC ) for certification fo meet technical
reguirements, manufacture and build.

ML 5 Link Manufacturing dataset to the technical warranted dataset.

ML S Dataset has the TDP/VWI linked.

ML S Dataset has all artifacts linked.

ML 5 Dataset has all parts meet part maturity PF 5

ML 5 Dataset Entrance/Exit criteria applied.

ML 5 Dataset has been checked, reviewed, released (for approved
baseline of ship)

ML é Dataset is being configuration managed for ship sustainment

maintenance and upgrades.




Product Definition Datasets (PDD) Maturity Levels Below are example of Geomelry and Annotation & Alfibute State for Pump Assembly. This exemplifies
(Assemblies, Attributes & Annotation) a range from an assembly to the lowest level part for each PODD Maturity Level as required.

MNote: The folowing State definitions were referenced from ASME Y 14.47.

Geomefry State:

Gl={none]. the model that is created with no distinctions mode for individual feafure

G2={parfial): the model that has o porfion of the features represented.

G3={full): the model that has all features represented or simplified, which may require human interpretation of annotation or attributes
for complete geometric definition

Gd={absclute]: the model has all the features representad,

Annotation & Atiribute State:

Al= (none): the dataset containg no annotation that defines the product requirements.

AZ=(partial): the datasel conlains a subsel of all the annotation and atiibutes that define the product reguirements

A3=[full): the dataset contains the annotation and athibutes that define all product requirements.

Ad=(presented); the datoset contains and displays the annotation (including items such as general notes and other product and
manufacturing information) that communicates all product requirements without guerying fhe model geometry, regardless of atfributes,

Lareeil )| Encunmte oy S g e ) level |Example | Geometry Siale Anncotion & Aliribate Siake vt | trampte | Gaomery Sain Annalcton & Atkbute Siobe
o - -
EEE:E?“ &l Al-nane POID MLE G4 Al-Frovides comphete product definifion, :Cr::'f o ‘;ﬁﬁi j:z‘:':":f;l?:f;ﬁ: :I:_"'j:"l"::
Frimitrum Puma Aasy e n':“'"'"_" Uednairtd 'I‘: ;“'" 'ﬁq""'\f tha AsTy leotuees ab oo raot hove dhipioyed annobalion such
saaksl - ‘:"Ir'g"‘:‘ ed mooel for featunas hat oo 24 BB SRS IeE
gl howe duployed onnslabon sech o
Femmreton | ambedded attloutes.
. ’ i
LT | PCO AL Al-ricre - 11
Purnp Assy.
P - -
Feabure
Addes

Ad- Prosides complete product A4 Fronaden camplale praduct defsitos Al
ML2 | PDO AL A renel cefirifon, All onrodofiors one dsplaved grncigSon: ove dspioyed Frough the uss of volous
Pump Assy. ihrough the use of vorious preseriohon ErElansanon ihaied wird Ihe feed torf uier 19
Product sbotes without fhe reed for ueer o guery query the model
recognizabl T rrcdel
& with rrend
detobed
femtures
POO ML AZ-Frovades nutfciant creveriahon ifates 1o
Pump Asgy mmeat Aporgemeni Ao

Mote: Could inchude welds, genens
cennecicns b lscotion sic

N

PDD Maturity Levels for Assembly Geometry, Annotation & Attributes




PDD Compasition Spreadsheet

[wrt PDD Completeness Requirements and Part Fidelity Requirements]

PDD Maturity Completeness Requirements

PDD Composition Description

ML1

ML2

ML3

ML &

MLS

MLE /

Product Definition Datasat

MBSE Artifacts

Trades Study 1D Models X

Use Case Study X

Capability Development Doc (CDD)

Ship Specifications

Parts, Assy of

|Legacy Components PF1

PF1

Developmental Madal PF1

PF1

Arrangement Model (DDM)

PF2

PF3

PF3

PF4

PF4

Build-to-Print Component

PF2

PF2

PF3

PF4

PFS

Enginearing Component (DDM)

PF2

PF2

PF3

PF4

PFS

Geometric weld part '

PF4

PFS

PFS

Non-geometric part [NGP)

PF3

PF4

PF5

PFS

Product Requirement Association (PRAY

Praduct Characteristic TaE (PCTY

Criticality Classification (CC)*

Verification Flan Requirement [VPR)'

CAD Artifacts

Analytical Data

1
lI|

[PDD II,l
Dervative
Products;

Technical Data

| MBSE Artifacts,

Model prepared

\/ fram Trade Stusies,

oo, ship Spec's
Etc.

Part |s)
andfor
Assembly

Sustainmeant

Maodel-Based Definition (MEBD] Maturity Model

simulation Model

Test Requirements

Annotations

Dasign Attributes

Manuf Attributes

Build Attributas

EAE A A E A A

e | Bt | 3eE | B | B

Technical Data Package (TOP)

Visual Work Instruction (VW)

el el Bl Ead Bl B

Note ! Initial weld evaluation may begin in MLZ.

MNote * PVl is required 1o populate PCT.

Note * Applies to manuf acturing operations,

Note % Reqts Management [MBSE) must be inplace [Ref DMSC MBC Standardization 1.0]

P - PGS
Developmental

Prg. Pl ¥ iy Easld Phassay

Comiaplual

Mn Definition Dataset [PDD) "Maturity Level” (ML) C
#6.= Progam Hatury Levels

[ ML |
== [ MLz |
e
ML 3 |

< [ _ms

AETFUCTROn

Production
a Euniutian

Dalasui

L

T

i
LE ]
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Model-Based Characteristics (MBC) alignment with the PDD

Model-Based
Characteristics
(MBC)

PRA: Product Requirement Association
PC: Product Characteristic Tag

CC: Critically Classification

VPR: Verification Plan Requirement

- rubypeint
Model-Based Characteristics (MBC)

He:mgemnt Product " criticality u""ri;ilgﬁti““
Association Characteristic| Classification Requirement
(PRA) Tag (PC) (cc) (VPR)

( REQ-ME-044{ PCO41 )CR:S.2)/ CMM:100% /
il ) =

(~ Level {(ordered list, e.g., HIGH, = Method (e.g., CMM,
MEDIUM, LOW) Caliper)

+ Reference to the = (Balloon)
requirem

h -
drove lh:g!tmaiton 5::: TID f:,f“ + Category (Multi-choice + Alternative, too
of this characteristic s ristic unordered selection (e.g., » Context (e.g., FAl,
Useful for systems ez i SAFETY, REGULATORY, Production)
maodelling and = This ID should be APPEARANCE) o Samoling olan
DFMEA unigue in the part pling p

\; Caveat (freeform text comment)

m] (PRA) and (PC) Characteristics will be applied during Design Development for tfraceability




Work Performed in Collaboration with Action Engineering

Digital Standards are Integrated over the Lifecycle “Processes”

DATA REPRESEMTTION B INTEROPERABILITY i
STANDARDS o g

[ * |
: 5, BUILD, TEST : :
| ; D '
I I
I |
I DATA : i . : |
AUTHORING = - -
| Design  staoaros,TOSE © Manufacturing (i, oo Mechanic Quality  ("™STiouos = Suppliers |
I Engineer STANDARDS  : Engineer f 3 ROBOTICS Inspector I
+ : H I_.-f.-':"“"'.:-'-iw'-___ |
P s ..., : !
: T : : - |
CAD Data CAD : : i PROCESS & METHODOLOGY sesssssssssiasiansniaaal SU[?FIII'EI' I —
Management Mﬂdehng E E nnin :.......!:T.".‘PP.A}R.?!:..............E......,WGRK PACKAGE ata
+ : : a Exchange
put T I
AqurhI. — 4 ¥ ¥ ¥
- i ‘ﬁl 3D Viewer Br| [ e e
Management :

I RELEASE & REVISION

el Ta Standards Societies
Waork Work
Pke Pkg

TR D AsMeE ISO

m] Creating an authorative source of truth that is used in downstream manufacturing,

inspection, and assembly processes, on a digitally designed shipbuilding program.



Work Performed in Collaboration with Action Engineering

MBD Standards assigned to the Lifecycle Phases

Planning Build & Test Supply Chain
+ ASME Y14 » NAVSEA 9090-700E (SCLIS)
« LOTAR « S-Series
* QIF (Quality
Information Framework) « MTConnect
« ISO 10303 (STEP & PLCS) «  ASME, ASTM (Process Standards)
*  SAE EIA-649-1 « 1SO 16949 (IATF AIAG Quality Management System)
(Configuration +  ASME Y14, B46, B89
Management) « SAE AS9000, AS9102
*  MIL-HDBK- * QIF (Quality Information Framework)
61A (Configuration Man
agement) * 1SO 14306, 14739-1 (3D Viewables)
« SAE ElA-649-1 (Configuration Management)
*  MIL-HDBK-61A (Configuration Management)
+ IS0 10303 (STEP)

m] Creating an authorative source of truth that is used in downstream manufacturing,
inspection, and assembly processes, on a digitally designed shipbuilding program.



Work Performed in Collaboration with Action Engineering

Digital Standards are Mapped across the Value Siream “Tools”

Each software tool is mapped to the Data Creation Steps
CUSTOMER

Navy Capability SUPPLY CHAIN

Development
Document (CDD)

DESIGN

Build to Print

Inspection Work

QM Lot Inspection Package

Requirements Engineering® Multi-CAD
Medule Model g
{SimCentery Manual
visual
inspection
against YWl
(PDF/.JT)

Build to Spec

BUILD & TEST

Wave-linked copy

{CM managed)
L
E Design Model Build Authority Mfg/Fab Work Install Work Inspection Work Test
) Disclosure Model Package - Package Package Work Package

SAP-PED w/. JT
3D viz (VW)

SAP-PEQ w/.JT
3D viz (VWI)

T SAP-PED w/ T SAP-PEQ wi/ JT
eamcenter 3D viz (VW) 3D viz (VWI)
Connected through ‘I‘ *‘ 4’

Part Number metadata “Engineering Model =
Validation CAE of Design Model

| CAMED

CAE and Analysis is not in the scope
for now, but we will leave in the
block to show it is future work

OUT OF CURRENT
SCOPE

m] Creating an authorative source of truth that is used in downstream manufacturing,

inspection, and assembly processes, on a digitally designed shipbuilding program.



Summary: We strive for Dataset Interoperability | """

[T /' WML rtifact,
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Packapes, VWls 0 [ DI, Seip Spec

The MBD Maturity Model configuration manages data set files that consist of
individual components or an assembly of parts for the purpose of design through
the product life cycle.

Establishing Phases for the MBD process enables setting realistic achievements,

measuring progress, and collecting feedback over a manageable window for S .
each phase. N

- Simulation Madels, |,
e Test Hequiremanks
.

Model Based Definition (MBD) Maturity Model

Next Steps:

Execute Complex Pilots

Define PDD Lower Level Requirements [MaturiyLove |
Integrate Model-Based Characteristics (MBC) [ty o |
Plan Implementation & Automation

[[[I MBD Implementation is an ongoing process, infrastructure must be defined upfront. 23




Defining a Model-Based Definition (MBD) Maturity Model
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is Thinking
Bllelife]

Huntington Ingalls Industries, All Rights Reserved 2026




	Defining a �Model-Based Definition �(MBD) Maturity Model�
	Ryan Bounds, Standards Evangelist HII-NNS
	HII SHIPBUILDING DIVISIONS & PRODUCTS
	Table of Contents
	MBD Implementation Approach
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	MBD Standards assigned to the Lifecycle Phases
	Slide Number 22
	Summary: We strive for Dataset Interoperability
	Thank You for your attention.  Discussion…
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Agenda
	Slide Number 30
	Slide Number 31
	Field Examples
	What If…
	Slide Number 34
	What Can a Single Line Tell Us?
	Structured Requirements from Unstructured Data
	The Requirements Challenge
	Threaded Requirements
	Threaded (and Traceable) Requirements
	Legacy Drawings Are a Serious Bottleneck
	Critical Data Missing Inside PLM
	Legacy Drawings  Data
	Legacy Drawings  Data  PLM
	Legacy Drawings  Data
	Legacy Drawings  Data  PLM
	Slide Number 46
	Ensemble of Technologies
	Ontologies: a Shared System of Meaning
	Ontologies: a Shared System of Meaning
	Where’s the ROI (and How to Measure It)
	Industry Momentum and Mandate
	Where to Begin
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Air Force SBIR Direct to Phase II: AF233-D016
	TDP Conventional Process
	TDP Modernization for As-Built Data: Definition
	TDP Modernization for As-Built Data: Definition
	TDP Modernization for As-Built Data: Definition
	TDP Modernization for As-Built Data: Definition
	Modeling: CAx <> Requirements
	Modeling: CAx <> Requirements
	Modeling: CAx <> Requirements
	Modeling: CAx <> Requirements
	Modeling: CAx <> Requirements
	Modeling: CAx <> Requirements
	Modeling: CAx <> Requirements
	Modeling: CAx <> Requirements
	TDP Modernization for As-Built Data: Project Team
	TDP Modernization for As-Built Data: CAD
	TDP Modernization for As-Built Data: CAD
	TDP Modernization for As-Built Data: CAD
	TDP Modernization for As-Built Data: CAD
	TDP Modernization for As-Built Data: CAD
	TDP Modernization for As-Built Data: CAD
	TDP Modernization for As-Built Data: CAD
	TDP Modernization for As-Built Data: CAD
	TDP Modernization for As-Built Data: CAD
	TDP Modernization for As-Built Data: CAD
	TDP Modernization for As-Built Data: CAD
	Is your data in really in conformance?
	Is your data in really in conformance?
	TDP Modernization for As-Built Data: CAM
	TDP Modernization for As-Built Data: CAM
	TDP Modernization for As-Built Data: CAI
	TDP Modernization for As-Built Data: CAI
	TDP Modernization for As-Built Data: ASoT
	TDP Modernization for As-Built Data: ASoT
	TDP Modernization for As-Built Data: as-man. model
	TDP Modernization for As-Built Data: as-man. model
	TDP Modernization for As-Built Data: as-ins. model
	TDP Modernization for As-Built Data: as-built model
	TDP Modernization for As-Built Data: as-built model
	TDP Modernization for As-Built Data: as-built model
	Current development updates
	TDP Modernization for As-Built Data: as-req model
	TDP Modernization for As-Built Data: as-req model
	TDP Modernization for As-Built Data: as-req model
	TDP Modernization for As-Built Data: as-req model
	TDP Modernization for As-Built Data: as-req model
	TDP Modernization for As-Built Data: as-req model
	TDP Modernization for As-Built Data: as-req model
	TDP Modernization for As-Built Data: as-req model
	TDP Modernization for As-Built Data: as-req model
	TDP Modernization for As-Built Data: as-req model
	TDP Modernization for As-Built Data: as-req model
	TDP Modernization for As-Built Data: as-req model
	TDP Modernization for As-Built Data: as-req model
	TDP Modernization for As-Built Data: as-req model
	TDP Modernization for As-Built Data: realization
	TDP Modernization for As-Built Data: realization
	TDP Modernization for As-Built Data: realization
	TDP Modernization for As-Built Data: open issues
	TDP Modernization for As-Built Data: open issues
	TDP Modernization for As-Built Data: open issues
	TDP Modernization for As-Built Data: open issues
	TDP Modernization for As-Built Data: open issues
	TDP Modernization for As-Built Data: open issues
	TDP Modernization for As-Built Data: open issues
	Slide Number 121
	Slide Number 122
	Achieving Success with �MBE Maturity Index�
	Product & Manufacturing Information
	Model Based Definition solution capabilities 
	Model-Based Characteristics
	Reuse in both downstream and parallel product development processes�
	Slide Number 128
	Slide Number 129
	Slide Number 130
	Slide Number 131
	Slide Number 132
	Slide Number 133
	Break until 10:30�
	Model-Based Design Implementation
	Presenter Bio & Presentation Abstract
	Model-Based Definition – Typical Transformation
	Model-Based Definition – Typical Transformation
	Common Misconception “Digitize” vs “Digital”�
	So – What’s the Big Deal?
	MB-Design Implementation – Case Study
	MB-Design Implementation – Case Study
	MB-Design Implementation – Case Study
	MB-Design Implementation – Case Study
	MB-Design Implementation – Case Study
	MB-Design Implementation – Case Study
	MB-Design Implementation – Case Study
	MB-Design Implementation – Case Study
	MB-Design Implementation – Case Study
	MB-Design Implementation – Case Study
	What has happened?
	Next Steps
	Model Based Tolerance Analysis
	Agenda
	Miro
	Slide Number 156
	How Cool is Tolerance Analysis?
	Oticon AS
	Tetra Pak AB
	ASSA Abloy AB
	Slide Number 161
	Slide Number 162
	Vestas AS
	Why tolerance analysis?
	Challenges
	Solutions
	Systematic application of ISO GPS/GD&T
	Why function?
	Why function?
	What to consider in a tolerance analysis?
	Tolerance analysis using CETOL6
	MBD tolerance analysis
	Slide Number 173
	Slide Number 174
	Slide Number 175
	Slide Number 176
	Slide Number 177
	Slide Number 178
	Slide Number 179
	Slide Number 180
	Slide Number 181
	Slide Number 182
	Slide Number 183
	Customer case: Hitachi Energy Components
	Customer case: Hitachi Energy Components
	Customer case: Hitachi Energy Components
	Customer case: Hitachi Energy Components
	Customer case: Hitachi Energy Components
	Benchmark
	The next level
	Slide Number 191
	Slide Number 192
	Slide Number 193
	Slide Number 194
	Slide Number 195
	Slide Number 196
	Slide Number 197
	Slide Number 198
	Lunch until 1:00
	Closing the Quality Loop using QIF MBE 
	Slide Number 201
	Slide Number 202
	Slide Number 203
	Slide Number 204
	Slide Number 205
	Slide Number 206
	Current Approach in the Industry
	Slide Number 209
	Why MBD?
	MBE / MBD is iterative
	Capvidia 4.0�
	MBD Ready
	Slide Number 214
	Slide Number 215
	MBDReady Check:
	CAD Model introduction (Place holder video)
	Measurability Checker (Place holder video)
	Topic of interest for this demonstration
	NX PMI+Loop: Characteristic augmentation�(Place holder video)
	PolyWorks Inspector (Place holder video)
	DataLoop Web Interface (30s)(Place holder video)
	Collaboration
	Collaboration
	NX: PMI+Loop (30s)(Place holder video)
	PolyWorks Inspector (1min)(Place holder video)
	MBDVidia (Capvidia) & PolyWorks (InnovMetric)
	MBDVidia (Capvidia) & PolyWorks (InnovMetric)
	Take aways
	Question??
	Slide Number 231
	Slide Number 232
	What Does MBM and MBI Mean in the Supply Chain?
	Slide Number 234
	Slide Number 235
	Slide Number 236
	Slide Number 237
	Slide Number 238
	Slide Number 239
	Slide Number 240
	Lessons Learned
	Slide Number 242
	Extending the Capabilities of Data Element Mapping and Analysis for Advanced Manufacturing
	Overview
	Defining the data
	Digital Thread as An Enabler of Value Chain [1]
	Gaps in the digital Thread
	Gaps in the Digital Thread
	Implementing the Digital Thread
	DEMA Overview
	Applying DEMA
	DEMA Decision Intelligence Platform
	DEMA Decision Intelligence Platform
	DEMA with SysML-Based Artifacts
	LORE (Learned Operational Reference Environment)
	Slide Number 256
	The Problem: Disconnected Manufacturing Data Silos 
	Approach to Enhancing the Model-Based Definition
	UUID v5 — Deterministic Identity Scheme
	Experimental Setup – NIST Dataset [4]
	Assigning UUIDs for Design, Manufacturing, and Inspection
	Digital Engineering Metrics [5]
	Plate 4mm BOSS Contour – 3X3 Factorial Design
	CNC Machining Issue – Tool Deflection  
	CNC Machining Issue – Tool Degradation 
	CMM Setup Issues – Tool Deflection
	Summary
	Future Work: Upskilling Manufacturing Workforce in Digital Thread
	References
	Setting the Stage: Why NEMA Is Here at the Digital Manufacturing Crossroads
	Slide Number 271
	Slide Number 272
	Slide Number 273
	NEMA’s Roadmap: Building the Standards for Smart, Interoperable Factories
	 From Nameplates to Digital Twins: Making Equipment AI-Ready
	Slide Number 276
	Slide Number 277
	Slide Number 278
	Where Should NEMA Expand in the AI Ecosystem?
	Slide Number 280
	Break	 until 2:58
	A QIF-supported workflow for estimating CMM measurement uncertainty through simulation
	What is measurement uncertainty?
	Measurement uncertainty in QIF
	What uncertainty contributors can we find in QIF?
	Case study: CMM task-specific uncertainty
	Case study: CMM task-specific uncertainty
	Case study: CMM task-specific uncertainty
	Uncertainty estimation workflow
	ISO 15530-2: multiple orientations
	ISO 15530-2: test assembly
	ISO 15530-2: measurement orientations
	ISO 15530-2: measurement results
	Simulation by constraints
	Building QIF MBD
	Pundit CMM
	Comparison of results
	Limitations of this experiment
	Future work
	Thank you for your time!
	Slide Number 301
	What Is the Joint Strategic Quality Council? 
	Introduction to the Model Based Quality Team
	MBQA-DF Seamlessly Integrates in the Digital Thread
	Following OMG Domain Overlay Approach
	MBQA-DF Profile Input and Output Process 
	Slide Number 307
	Slide Number 308
	Executing Programs With MBQA-DF
	Contact
	Setting the Stage: Why NEMA Is Here at the Digital Manufacturing Crossroads
	Slide Number 312
	Slide Number 313
	Slide Number 314
	NEMA’s Roadmap: Building the Standards for Smart, Interoperable Factories
	 From Nameplates to Digital Twins: Making Equipment AI-Ready
	Slide Number 317
	Slide Number 318
	Slide Number 319
	Where Should NEMA Expand in the AI Ecosystem?
	Slide Number 321
	Reception Time!



