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Model Based Definition (MBD) & CAPVIDIA

’ ' From Wikipedia:

Licina the 3D CAD mode

Using the 3D CAD mode‘; Model-based definition (MBD),
managed in the context of a sometimes digital product definition, is the

practice of using 3D models (such as solid
models, 3D PMI and associated metadata)

PLM workflow, as the “single

source of truth” for P roduct within 3D CAD software to define (provide
and process data

specifications for) individual components and
product assemblies. The types of information
included are geometric dimensioning and
tolerancing (GD&T), component level materials,
assembly level bills of materials, engineering
configurations, design intent, etc. By contrast,
other methodologies have historically required
accompanying use of 2D engineering

drawings to provide such details.!

Wikipedia contributors. (2018, October 9). Model-based definition.

In Wikipedia, The Free Encyclopedia. Retrieved 19:27, June 8, 2019,
from https://en.wikipedia.org/w/index.php?title=Model-

based definition&oldid=863182909

Images courtesy of Action Engineering



https://en.wikipedia.org/wiki/3D_modeling
https://en.wikipedia.org/wiki/Product_and_manufacturing_information
https://en.wikipedia.org/wiki/Computer-aided_drafting
https://en.wikipedia.org/wiki/Geometric_dimensioning_and_tolerancing
https://en.wikipedia.org/wiki/Geometric_dimensioning_and_tolerancing
https://en.wikipedia.org/wiki/Bill_of_materials
https://en.wikipedia.org/wiki/Engineering_drawing
https://en.wikipedia.org/wiki/Engineering_drawing
https://en.wikipedia.org/wiki/Model-based_definition
https://en.wikipedia.org/w/index.php?title=Model-based_definition&oldid=863182909
https://en.wikipedia.org/w/index.php?title=Model-based_definition&oldid=863182909
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Looking to the Future:
What is the Value of MBD?

© CAPVIDIA
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Model Based
Definition provides a
source of value in the
downstream direction
from design, and in
the upstream direction
from operations and
deployment




Process, and Process Automation © CAPVIDIA

£
& Process over Personnel @ Automation
Avoiding the a "human-in-the- When a business process can be
loop” is always preferred in adequately defined, automation
modern manufacturing becomes possible
 Heavy human intervention * Increases speed of task
mdear%s tt)r;_?t thfet r(]:reﬁltlwty and 4 completion
adaptability of the human min .
IS required to resolve a given é%vc\;?rrseggisftesrr?eunetgg decreased
step In the manufacturing -
DIrOCESS. ° —{ﬁestupkvaluable p%r%opneilhfor
» Relying on human creativity, pH1er tasks More suited 1or the
rather than rigorous corporate uman mind
orocess, means aless » Automated processes are _
repeatable outcome and higher extremely repeatable and low In
risk. risk compared to relying on

human involvement




Value of Manufacturing Data & CAPVIDIA

° I " Artificial intelligence’s impact is likely to be most substantial in marketing
Cu rrently’ man UfaCtu rl ng data IS and sales as well as supply-chain management and manufacturing,

not fully exploited because of lack based on our use cases.
Of StrUCture Value unlocked, § trillion

» A study by McKinsey & Company
states:
We estimate that the Al techniques we
cite in this briefing together have the
potential to create between $3.5 trillion

and $5.8 trillion in value annually across
nine business functions in 19 industries

* The second largest growth area for
AI and Blg Da-ta IS Supply_Chaln Marketing and sales Supply-chain management and manufacturing
management and manufacturing

. Providin_lg structure and data
traceabi |t¥_ IS required to unlock
|

CEREEN By artificial intelligence

th I S p Ote n aI Risk Service Product Strategy and Finance HR Other operations
operations  development corporate and [T
finance
MNote: Figures may not to 1 f ding
I b 5 Mekin | Institut ly



https://www.mckinsey.com/featured-insights/artificial-intelligence/notes-from-the-ai-frontier-applications-and-value-of-deep-learning

Quality Information
Framework —

QIF

QIF —and ANSI and DIS ISO standard for
@ CAPVIDIA Implementing Model Based Definition workflows

OiF 5‘%



What is QIF?

© CAPVIDIA

Feature-Based
Ontology of
Manufacturing Quality
Metadata

XML Technology:
Simple Implementation
and Built-In Code
Validation

Data semantically
linked to Model for full
data traceabillity to
CAD

OiF {8




QIF Application Areas © CAPVIDIA

o
Statistical CAD and

process control PMI data
using QIF

Measurement Bill of Characteristics

result data (“‘what”) and
Measurement Plan
(“how”) data

5

ISO/DMIS 5.3 Measurement
is fully linked to Resource
QIF information

Measurement
templates,
macros, and
best practices

10



QIF Application Areas & CAPVIDIA

Statistical CAD and
process control PMI data
using QIF

Measurement Bill of Characteristics

result data (“what”) and
Measurement Plan
(“how”) data

5 QIF Resources

ISO/DMIS 5.3
is fully linked to
QlF

Measurement

templates,

macros, and e

4 best practices

Specify basic or highly detailed
information about available
measurement equipment (e.g.,
CMMs, probes, calipers, gages,

etc.). As always, this data is
contextual and semantic




Workflow Example @ CAPVIDIA

Process Stage 1:

Search the PMI applied to the QIF MBD model, and
identify the necessary measurement tasks. ] ] )
This list of tasks is called a Bill of Characteristics Semantic Link to Authority Model
Process Stage 2:

Using a set of organizational Measurement Rules and a list
of available Measurement Resources, assign
measurement resources to measurement tasks.

Process Stage 3:

Generate a DMIS inspection program from the high level

plan for any CMM measurement tasks that have been
assigned. QlF QIF
Process Stage 4: Rules Resources

Evaluate the point clouds from the CMM or other
dimensional measurement equipment against the GD&T
assigned to each feature. e
Process Stage 5:

Carry out statistical analysis of a set of measurement
results according to organizational procedures.

All QIF data generated throughout the entire process is
linked to the authority model.

This fulfills traceability requirements, and provides fertile
opportunities for data mining.

QIF
Resources

/

QIF Plans QIF Plans

Meas Plan

(o]]3
Statistics

Assign i
Measurement | Inspection
Resources Program




DMSC Members & CAPVIDIA
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MBD Workflows:
Digital FAI with
Supply Chain

© CAPVIDIA



MBD Workflows:

Digital FAI with Supply Chain € capviDIA

» Manufacturing is global
and distributed

* But data Is fragmented

* 70-90% of manufacturing
IS typically executed
outside the walls of an
OEM

18



MBD Workflows:
Digital FAI with Supply Chain
I

1 2 3 4 5 net-inspect

© CAPVIDIA

Load the model into MBDVidia
* Fully annotated MBD model

=5
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MBD Workflows: @ CAPVIDIA

Digital FAI with Supply Chain
2 net-inspect

Generate Bill of Characteristics

« Automatic ballooning

« Data sorted into organized Bill of
Characteristics

Bill of Characteristics x

Bill of Characteristics ol EIUENTD!
E 4 -

] [ & i QPID: a567411b-Tbe6-4¢89-Bbe-dede’
T / | Saved View | Feature Name Annotation ... GD&T +) |/ () DRF  Criticality | Criticality Area
g2 MBD_0  Plane 2771 (A) Flatness.1 [=]0.2] 02 - - - Critical Fit
[~E} MED_0 Cylinder 2773 (B) Linear Size.d @35 0 -0.2 0 35 -02 - Undefined
=4 MED_0 Generic 2780 Position sur... [ [1.26]A[B[Cla*B 125 - - ABC (Critical Mission
Ds MEBD_0 Cylinder 2786 Linear Size.3 @20 +005 -0.10 0.05 20 -01 - Undefined
X3 MBD_0 Cylinder 2787 Linear Sized @20 +0.10 -008 01 20 -005 - Major Safety
Y] MEBD_0 Opposite Planes 2791  Angular Siz.. B0% #05% 05 60 -05 - Undefined
@11 MBD.O Cylinder 2789 Linear Size.s  @35.2-34.8 02 35 -02 - Major Fit
412 MBDLO  Opposite Planes 2777 Position.3 [$ JoIs]A[B[C] 075 - - ABC Undefined
@13 MEBD_D Cylinder 2774 (C) Linear Size.2 @35 +02 0 02 35 0 - Undefined
14 MBDLO  Opposite Planes 2779 Position.2 4 [0.75]A[B]C] 075 - - ABC Undefined
216 MBDO  Generic 2781 Position sur... [ [05[A] 05 - - A Critical Fit
@17  MBD_O Cylinder 2793 Linear Size.d @26 0,16 015 25 -0.15 - Undefined
@18 MEBD_O Cylinder 2732 Linear Size.7 (@34.8-36.2 02 35 -02 - Undefined
119  MBDO  Plane 2775 Perpendicul... . 15 - - A Undefined

20



MBD Workflows:
Digital FAI with Supply Chalin

3

Publish
« FAIR automatically generated/filled
 Linked to MBD

APVIDIA

NIm

net-inspec

- ni FAIR#1077 Form 3

- N

I0TranaVidia 38171201 - NIST_CTC_01_ASME1_CR2040 RD.qif - o x

<« ¢ o @ @ hitpsi/vStnet-inspect.com/FirstArticles/573777/3 B o @ | Qsearcn m e @ =
P R C T T T [R— T T y— -
& | .
e mf‘ e L Ol S P i e P | A oo, 45 B0 net-inspect rticl Quality Management Calibration eSource Q £ & cevoa-.
o A (SClese st 1) Find R mesat
| ]
NT_CIC_ i At 0% R0 | ” Create PR ViewInternal  View Supplier  FAR Requirements [T Review  Supplier Tree (Beta) Supplier Map (Betal  Reporis m -

) NEST_CTC_01_ASME_CR204)

3 e . L - L
3 Rfence P Form 3: Characteristic Accountability, Verification and Compatibility Evaluation v SPECTION PLA
# Zanesechon
1% Model Entities.
I Solid3 3 0 VIEW INSPECTION PLAN
4 Bl Festures
I3 domototons
& D13 Coundinate System
Soved Vi (Comiined
= DEFAULT ALL 1. Part Number 2. Part Name 3. Serial Number 4. FAIR Number
By
Arnotation Views NIST PMI CTC 01 ASME1 NIST_CTC_01_ASME1_CR2040_RD 1077
7 Customer revien coucuroae [JEER
Characteristics
Search All... aQ
10. Designed /
z 5. Char. 7. Characteristic Qualified Tooling 11. Nonconformance
& No. @ 6. Reference Location @ Designator @ 8. Requirement @ 9. Results @ @ Number @
PlaneFeatureNominal 3948
3 Undefined CharacteristicFlatness (< 0.2 x
Bubble Number: 3 naefne ( ) mm E
&l el D GPID: 1674500.8500.4464.5006 SaDc bt CylinderFeatureN: 13951
[ — mpon._expon Bea | kmageen | upore | wmeon 4 inderreatureHominal =55 Undefined DimensionDiameter (35 + 0.0/ -0.2) mm x
%7 / | Saved View | Feature Name Annotation .. | Go&T 1 | ) | DRF | criticay | crtcalty A Bubble Number: 4
¥ O3 MBD_O AE_GTOL3 7 [o2 02 - Undefined CylinderF N 13972
9 ¢+ wEDO AEDRVEM. @35 0 -02 o 3 02 - Undefined _ ylinderFeatureNominal _
7 05 MDD Cyinder 3972 LEDRVEN. @20 005 010 oss 1 o1 - Undefmed 5 Bubble Number: 5 Undefined DimensionDiameter (20.00 + 0.05 / -0.10) mm x
¥ P MBDO  Cylinder 3075 AE DRIVEN.. @20 +0.10 -005 01 20 -0.05 Undefned
CylinderFeatureN. | 3975
6 yinderreaturetiomingl =275 Undefined DimensionDiameter (20.00 + 0.10 / -0.05) mm x
Bubble Number: &
OppositePlanesFeatureNominal
7 3983 Undefined DimensionAngular (60.0 +/- 0.5) degree x
Bubble Number: 7
8 Emet=Re | S Undefined DimensionDiameter (35.00 +/- 0.20) mm x
Bubble Number: 8
9 GenericFeatureNominal 3964 Undefined CharacteristicProfileSurface (< 1.25) mm .
Bubble Number: 9 naenne 126[A[B[C] A+—*B o




MBD Workflows:
CAPVIDIA

Digital FAI with Supply Chain
o

[
4 net-inspect
. ni FAIR #1071 Form 3
(_

& Q (0] https://v5t.net-inspect.com/FirstArticles/573712/3 E| - 9 ﬁ Q, Search i 1S ], b =

~
E nte r R eS u ItS net—inspecf i Quality Management Calibration eSource Q O 2 CapviDia
Create FAIR View Internal View Supplier FAIR Requirements ITC Review Supplier Tree Supplier Map Reports
« S FAIR ==
ave

Form 3: Characteristic Accountability, Verification and Compatibility Evaluation @ VIEW INSPECTION PLAN
1. Part Number 2. Part Name 3. Serial Number 4. FAIR Number
NIST PMI CTC 01 ASME1 NIST_CTC_01_ASME1_CR2040_RD 1071
' Customer Preview TOOLS ~
Characteristics
Search All.. Q
5. Char. 7. Characteristic 10. Designed / 11. Nonconformance
No. ® 6. Reference Location @ Designator @ 8. Requirement & 9, Results @ Qualified Tooling @ Number @
PlaneFeatureNominal 3948 .
3 Buabr:e :Jimu[]:: n;mma Undefined CharacteristicFlatness (< 0.2) mm E - + x
CylinderFeatureN | 3951
4 ylinderreaturefiominal 355 Undefined DimensionDiameter (35 + 0.0/ -0.2) mm - + *
Bubble Number: 4
CylinderFeatureN | 3972
5 vincerreaturetomina Undefined DimensionDiameter (20.00 + 0.05 / -0.10) mm 199 - x

Bubble Number: 5

CylinderFeatureNominal 3975
Bubble Number: 6

B
OppositePlanesFeatureNominal
7 3983 Undefined DimensionAngular (60.0 +/- 0.5) degree - + *
s

Undefined DimensionDiameter (20.00 + 0.10 / -0.05) mm

Bubble Number: 7

CylinderFeatureNominal 3965

Undefined DimensionDiameter (35.00 +/- 0.20) mm
Bubble Number: 8

GenericFeatureNominal 3964 CharacteristicProfileSurface (< 1.25) mm 22

9 Undefined 1.24 x
Bubble Number: 9 naeine A [125]A[B[C] A=—=B ’ o




MBD Workflows:
Digital FAI with Supply Chalin

5 net-inspe

APVIDIA

I I I l p O rt FAI R n u I I I be r @ OE) s 3DTransVidia 3.8.171201 - NIST_CTC_01_ASME1_CR2040_RD.qif - O X

Tools Mesh Parametric Developer Tools Style ~ @ ~

B R ) New (i Print.. | " Import Info... 143 Copy ) Undo i Import.. | A Language...
* See Net-Inspect data on model (St N S LA —
| T Y L -
* Net-Inspect data now traceable Tt |

to authority MBD dataset S

IR #1071 Form 3

<« cC @ & hitps://vStnet-inspect.com/FirstArticles/573712/3 B - 9% Qs ¥INO® @D = [ Coordinate System
N = Saved Views (Combined 5|
net-inspect Quality Management  Calibration  eSource Q £ 2 awoa. | DEFAULT ALL
= mep_o
CoseR  Vewerol  VewSwpler  MRReenents  MCRiew  SwpierTee  Swgplirvp  Repors — Annatation Views
Form 3: Characteristic Accountability, Verification and Compatibility Evaluation @ PLAN  VIEW INSPECTION PLAN
1. Part Number 2. Part Name 3. Serial Number 4. FAIR Number
NIST PMI CTC 01 ASME1 NIST_CTC_01_ASME1_CR2040_RD 107
¥ Customer reew e e
Characteristics
Search All... a
5. Char. 7. Characteristic 10. Designed / 11. Nonconformance z
No.® 6. Reference Location ® Designator @ 8 Requirement @ 9. Results @ Qualified Tooling® ~ Number® v
3 BPZZT:;‘:::‘;"“‘"‘ 048 Undefired CharacteristicFlatness (< 0.2) mm - M ix
4 CylinderFeatureNominal 3951 Undefired DimensionDiameter (35 + 0.0 /-0.2) mm -
Bubble Number: 4

CylinderFeatureNominal 3972 gL CTUE LI Bill of Characteristics

5 Undefired DimensionDiameter (20.00 + 0.05 / -0.10) mm

° 199 .
Bubble Number: 5 < 23 | i = | =] = @) ‘ ni QPID: cf6755f0-598a-4460-90d6-5a0ee63dSded
Back Forward | & i — i Import Export  Bind | HTMLReport | Upload | Import
CylinderFeatureNominal 3975 N
6 Undefired DimensionDiameter (20,00 + 010 / -0.05) mm - - . - S A
Bubble Number: 6 Tag | Saved View | Feature Name Annotation .. GD&T ) | 7 ) DRF | Criticality  Criticality 4..  ActualComponent ™ @
OppositePlanesFeatureNominal 7111 MBDO  Opposite Planes 3061 AE_DRIVEN.. 85 001 85 001 - Undefined| 85.010
7 3983 Undefired DimensionAngulr (600 +/- 0.5) degree - + % [%7  ™mBD.O  Opposite Planes 3983 AE_DRIVEN.. 60° :05° 05 60 -05 - Undefined 50.01
Bubble Number 7 =¥ MBD.O  Cylinder 3865 AE_DRIVEN.. @3520-34.80 02 35 -02 - Undefined 35.000
. gy::‘deNrFea;ur;Numma\ o6 SimensionDimete (3500 +/- C20) - R . @4  MBDO  Cylinder 3951 (B) AE DRIVEN.. @35 0 -02 0 35 -02 - Undefined 350 v
. GenericFeatureNominal 3964 Unsetres CharacteristicProfleSurface (< 1.25) mm o R ;

CiCd CER P r R NN BRI T AL T |

Bubble Number: 9 O [125[A[B[C| A+~—*B v
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MBD Workflows:

Digital FAI with Supply Chain € cApvIDIA

Demonstration:
QIF and Net-Inspect

Round trip MBD workflow using QIF and Net-Inspect:

» Auto-generate BoC from MBD and publish to Net-Inspect

* Execute CMM program

» Upload raw results data to Net-Inspect

* Import results back into MBD model to complete the round trip

) CAPVIDIA

Click here to watch video online

24


https://drive.google.com/file/d/1NaYgp8Wa7WGPd1moYV1Ppw3GK-BVDhQj/view?usp=sharing

MBD Workflows: € CAPVIDIA
Digital FAI with Supply Chalin

What's the end game?

Measurement process and
results data, mapped to

the “single source of truth”:

the MBD model.

This creates a continuous
digital thread from design
to inspection.

Bringing your supply chain
into the digital thread can
be accomplished using
ubiquitous software: Excel.

8 1 8 1
b b

CAD Lightweight Analytics Process
Browsing Viewing Engines Optimization

OF E% Measurement

Data Repository

25



MBD Workflows:
MBD-Based CMM
Workflow

© CAPVIDIA



MBD-Based CMM Workflow

© CAPVIDIA

QIF Document

~

@ pic) © cAPVIDIA

PTC Creo Model

PTC Creo MBDVidia
| for PTC Creo

Run CMM &
Analyze Results

Authority Create Optimize
Model QIF Data CMM Plan

’ © CAPVIDIN [—
MBD

Pundit CMM

Visualize Results
on Model

© capviDIA

MBDVidia

27



Video demonstration & CAPVIDIA

Automatic Optimized
CMM Inspection Programs

Authority Create Optimize R n CMM & Visualize Resulis
Model QIF Data CMM Pla on Model

@ CAPVIDIA »umsmo € capviDIA
L Ces L 5 its | 4
=7

Watch the workflow here

28


https://www.youtube.com/watch?v=8ys8zaJ7ruQ

Raytheon Pilot Workflow

© CAPVIDIA

Raytheon

Creo:
MBDVidia for
Creo Plugin

CAPVIDIA

1. Starting point:
MBD model in
Creo

2. Export to Quality
Information
Framework
(QIF) standard
using “MBDVidia
for Creo” plugin
(Capvidia)

Less than 1 minute

1.

2.

MBDVidia

CAPVIDIA

Load the QIF
MBD model
Check and heal
the PMI — make
sure that it is
machine
readable

5 minutes (but can be
automated)

CheckMate

1. Importthe
machine-readable
QIF MBD model

2. Enter essential
information: probe
configurations,
CMM setup, etc.

3. Auto-generate the
CMM program

4. Clean up and
verify

Less than 3 hours — pilot
processed can be
drastically streamlined from
this baseline effort

29



Simple ROI Analysis & CAPVIDIA
Today’s traditional, manual workflow for this

Total hours, existing manual part is estimated at about 16 hours.
workflow 16Hours
New MBD Workflow The MBD pilot workflow took less than 3 hours.
MBDVidia 5Minutes ]
FormatWorks import of Creo file 5Minutes ROl Analysis
Checkmate Setup Parameters 5Minutes . .
Checkmate Auto Programming Time reduction
Accessibility 15Minutes MBD Workflow time vs. Manual
Sorting for dependencies 1 Minutes . 0
Auto Coordinate Systems 1 Minutes Workflow Time 19%
Probe moves/rotations 1 Minutes MBD Workflow decreases total
Collision detection 20 Minutes time by: 81%
Manual editing (estimate) 120 Minutes
Total, New MBD Workflow 178 Minutes ROI all al SIS
Total, New MBD Workflow 2.97Hours Hours saved on MBD Workflow 13.03
Number of parts programmed per year 80
Total yearly labor reduction 1,042 hours

81% Reduction in Time

30




Value of MBD Measurement © CAPVIDIA

[ @ X o

Bring Lower risk for
. Increase .
Reduce Faster time-to- : . measurement transcription &
: . . : InSpection . : .
Inspection costs Inspection . data into the Interpretation
quality ..
digital thread errors
Inspection planning is Faster product « Utilize measurement  Measurement data has  Software automation
a laborious task delivery. Inspection is uncertainty immense value —don’t  lowers the risk of
involving skilled typically a bottleneck simulation use it for PASS/FAIL transcription or
technicians — in production — this * Implement inspection and then interpretation errors of
automation decreases  approach can organizational discard. MBD data, and creates
its cost significantly streamline guidelines —rely on  traceable data is ready  opportunities for
manufacturing corporate process, for analytics validation of data
processes not personnel
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Director of Business Development

Office: +1-415-738-7366

Mobile: +1-415-244-6407 .y
dc@capvidia.com www.capvidia.com

www.capvidia.com/blog
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