Extending and Evaluating the
Model-based Product Definition
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e This research focused on information elements required
in different workflows within an organization.

e The information elements that we sought to capture were
called the minimum information elements.

 Industry has begun to adopt Model-based definition, but
the creation and dissemination processes vary widely.

e A better understanding of model-based definition
requirements is needed for robust MBD adoption and
dissemination.
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¢ Adigital enterprise changes the way people work and how they use information
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* The paper thread — much of the information is implicit and based on context
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* Implicit and explicit information must be included

Historically, drawings contained both implicit and explicit information. Context was important for
understanding.

However, CAD tools require explicit definition of information.
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* A complete MBD supports lifecycle communication for both authors and consumers.

BEHAVIOR CONTEXT
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Shape

Context

Lifecycle based

Virtual environment based

MBx based

Increased sophistication in
the digital product and
process representations and

their fidelity to the physical
world.

CAD based

e Drawing based PURDUE
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is a digital artifact
(representation) of an object or
system. It is representative of the
physical object or system and all
of its attributes, and is used to
communicate information within
various MBx activities in a model-
based enterprise

Workflows use resulting models
to carry information.

Models are both used for
workflow specific tasks and
transfer of information.
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Model-based engineering, model-
based manufacturing (MBm), , -
model-based sustainment (MBs), o | |
and any other model-based e | — Hi
[activity] (MBx) are categories of |
activities within the model-based
enterprise.

use digital product data to
represent shape, behavioral, and
contextual information carried by
the model-based definition to
execute their functional role.

rely on the predictive and archival
capabilities of the model, by
replying on its high levels of fidelity
to physical object or system.
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e An environment which
leverages digital model . ,
based representations. s NA S e Saas

e This environment is
always changing and
adapting.

e Ability to meet the
requirements of the
environment is a
challenge.
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Set of information which is Generic workflow information model
required for a workflow to

complete their work. / =>  Minimum Information‘/ - .
|
(/v Primary Information \ I |
Primary information which is used// : :
in all iterations of the workflow. Commqn Domain I Auxiliary I
Information Specific i Information
Model I I
A
|
/ D !
| |
. 7

Common Information is used
across the entire organization,
these are presentin all MIM.

Auxiliary information is in a state

Information which is only of flux. The elements of this
consumed within the specific information set come and go as
workflow or domain. needed.
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- - |
Survey Mechanism

e Study targeting industry professionals

— Various sectors: aerospace, automotive, medical, consumer goods,
etc.

— Various positions: engineer, management, sales, etc.
— Various locations around the world

e Goal toidentify items and elements in various workflows to
help establish the Minimum Information Model
— Concept to prototype workflow
— Prototype to detailed product definition workflow
— Detailed product definition to manufacturing workflow
— Manufacturing to inspection workflow

e The research methodology employed a survey, a Delphi
technique, and interviews of industry participants.
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- |
Survey Mechanism

Initial survey to gather demographics
information and identify key factors in the
information transition and the accompanying
workflows

A three-round Delphi study to validate
the information elements in the drawing-to-
model transition and their role in the identified
workflows

Creation of IDEFO diagrams to illustrate
the differences between textbook definitions of
the workflows and the actual information flow
characteristics derived from the surveys and
Delphi interviews.
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< |
Survey Mechanism

 Concept to prototype workflow

* Prototype to detailed product definition
workflow

e Detailed product definition to manufacturing
workflow

 Manufacturing to inspection workflow
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Information Focus S
Minimum Information Model E
. - .
Domain Minimum c
Common .rs : o
Elements Specific Information o
Elements Model %
These items These items The resulting 3
are common are specific model is whatis ¢
across the to a given necessary to S
©
phases of the workflow and replace a -
lifecycles its actors drawing in a 3
given workflow
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Stage 1 Results

Conclusion and Discussion (Continued)

Aerospace
Defense/Miitary
= Automotive
m Consumer products
mMedical

m Energy/Utilities

m Cther

wid/npa‘anpind mmm

Distribution of Industry Participation

e 89 responses, 76 of which completed the Demographics
 85% of respondents located inside of US, 15% outside
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Conclusion and Discussion (Continued)

| do not actively participate in these R 11

workflows

Manufacturing/Production to TS ¢

Inspection

Detailed Product Definition to T 19

Manufacturing/Production

Frototype to Detailed Product TR 15

Definition
Concept to Prototype [ 12

0 2 10 15 20

Participant workflow distribution
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Conclusion and Discussion (Continued)

other [l 3
Derivative of 3D CAD model (STEP, IT, _ 12
3D PDF, etc.)
3D native CAD models [N, 5
20 electronic drawings [N 3
2D paper drawings [N 7

0 5 10 15 20 25 30

Responses for how participants receive information
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Conclusion and Discussion (Continued)

Other

The functionality of the CAD tool
does not readily accommodate this
type of information at this stage of . ..

Uncertainty about changes in
software and accessibility of data in
the future prevent us fromusing. ..

It takes too much time to enter this
information into a model

The information does not easily take

aformthatisusefulinamodel at [

this stage of the lifecycle.

Models are too cumbersome to

modify and interrogate at this stage [N
of the lifecycle.

Issues adoption of MBD faces

* The main inhibitor of the use of 3D CAD models was that the information
did not easily take a form that is useful in a model at this stage of the

lifecycle
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Stage 1 Results

Conclusion and Discussion (Continued)

=Yes - MNo

wid/npa‘anpind mmm

Could models be used in place of drawings in your workflow?
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I
Conclusion and Discussion (Continued)

Basic object geometry
Manufacturing methods

Surface treatment

Materials specification/selection
Dimensional information
Performance criteria

Product specifications

0 2 4 6 & 10 12 14

wid/npa‘anpind mmm

Participant responses for what information was created or
used in the product information for concept to prototype
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Conclusion and Discussion (Continued)

Other

Test results

Revision/version histroy
Manufacturing methods
Surface treatment
Manufacturing process models

Materials models

Materials specification/selection
Tolerance information
Dimensional information
Refined object geometry

Performance characteristics

0 5 10 15

Participant responses for what information was created or
used in the prototype to detailed product definition workflow
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Conclusion and Discussion (Continued)

Inspection data

Supplier data

Revision/version history
Manufacturing methods
Finished surface characteristics
Manufacturing process models
Materials definition

Tolerance information/GDT
Final dimensional information
Detailed product geometry

0 5 10 15 20

Participant responses for what information was created or
used in the detailed product definition to manufacturing
workflow
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Conclusion and Discussion (Continued)

Supplier process capability data
Revision/version history
Validation certificates
Manufacturing methods
Machine tool process capability
Finished surface characteristics
Materials definition

Tolerance information/GDT
Final dimensional information
Detailed product geometry

Participant responses for what information was created or
used in the manufacturing to inspection workflow
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Model is ready to replace drawings in
majority of participant processes.

*Theme in responses which indicate that the
model itself is not necessarily the inhibitor.

*There is a need for research which targets
the data flow.

PURDUE
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Stage 1 and 2 Breakdown

Stage One Results and Stage Two Results

Research Study Stage One

Objective: Identify items and elements
in various workflows to establish the
common information model and
minimum information model

Conclusions
* 2D drawings most common
* Inhibitors to MBD adoption:

* Information doesn’t take a form that is
useful in a model at given stage of
lifecycle

*  No method for model manipulation

200 7.00

Yes, drawings are

N - Dimensional Information
used exclusively

Miniemum

Yes, but with other

wid/npa‘anpind mmm

[ accompanying | EacEm
documents '
O No e T m TEEEETE—
Q8 - Geometric Dimensions and Tolerances (GD&T)
Are drawings used to i — = e T
communicate

Q19 - Bill of Materials

information usedor Fe =
created in the : : :
workflow?
"URDUE
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I
Stage One Results, Stage Two Results and Interview Data

Interview Round 2 Data:

e Lack of consensus about terms

e Infrastructure can be an inhibitor to the adoption of a MBE
e Company culture may be an inhibitor of MBE

e Education on MBE, PLM and associated terms may be an inhibitor of
MBE

* Having a proper data architecture may be an inhibitor of MBE

e Certain elements (such as 3D Model) are of more importance early in the

lifecycle
PURDUE
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I
Stage Two Results and Interview Data

Key Elements Identified
e 12 key elements found from Stage

3D Geometr .
Y One and Delphi rounds one and two

Dimensional Information

Detailed Product Geometr )
Y e There is a lack of consensus about the

Revision/Version History .
meanings of elements

Geometric Dimensions and

Tolerances _ o
e Difference between minimum and

Materials Specifications/Definitions ) )
common information often confused

Surface Finish/Characteristics
Engineering Notes
Bill of Materials

Referenced/Related Appropriate
Standards

Change Management Data
Product Specifications
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1
Round Three Results So Far

Q2 - Which industry sector best represents your company or the division of the company where you work?

B 2erospace

21.57%

3.92%

3.92%

3.92%

1.96%
1.96%
T.84%

8.80%

) Defense/Military [ Automotive

B consumer Products

45.10%

wid/npa‘anpind mmm

Heavy Equipment ([} Industrial Machines [ Medical Device/Equipment (] Energy/Utilities [ Other
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Round Three Results So Far

Q20 - If you could only select one item, which do you believe is the most important? (select only one)

2.04%
6.12%
22.45%
4.08% 63.31%
0 3D Geometry [ Dimensional Information [ Detailed Product Geometry [ Revision/Version History Geometric Dimensions and Tolerances (GDAT) () Materials Specifications/Definitions
@ Surface Finish/Characteristics [ Engineering Notes [ Bill of Materials Referenced/Related Appropriate Standards [ Change Management Data Product Specifications
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1
Round Three Results So Far

Q19 - For this section, please specify the form in which the element needs to be present.

In Model

9.76%
6.58% 14.40%
9.33%
9.88%
6.28%
9.76%
13.17%
8.64%
7.41% 1.00%
9.47%
@ 30 Geometry [ Dimensional Information [} Detailed Product Geometry ([ Revision/Version History Geometric Dimensions and Tolerances (GD&T) [l Materials Specifications/Definitions
i Surface Finish/Characteristics [ EngineeringNotes [ Bill of Materials  [J References/Related Appropriate Standards Change Management Data Product Specifications
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Round Three Results So Far (n=50)

Q19 - For this section, please specify the form in which the element needs to be present.

In Drawing
15.32% it
1.61%
8.87%
3.23%
10.48%
2.69%
1.26%
13.32%
11.29%
13.7M%
@ 30 Geometry [ Dimensional Information [} Detailed Product Geometry ([ Revision/Version History Geometric Dimensions and Tolerances (GD&T) [l Materials Specifications/Definitions
i Surface Finish/Characteristics [ EngineeringNotes [ Bill of Materials  [J References/Related Appropriate Standards Change Management Data Product Specifications
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Round Three Results So Far

(5&‘95-0%0r this section, please specify the form in which the element needs to be present.

Both
1.36% 6.49%
1.36%
9.09%
6.93%
1.719%
9.22%
6.93%
g EED.":'.'I 9.52%
8.66%
10.82%
@ 30 Geometry [ Dimensional Information [} Detailed Product Geometry ([ Revision/Version History Geometric Dimensions and Tolerances (GD&T) [l Materials Specifications/Definitions
i Surface Finish/Characteristics [ EngineeringNotes [ Bill of Materials  [J References/Related Appropriate Standards Change Management Data Product Specifications
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1
Round Three Results So Far

Q22 - To what extent is the lack of education a factor in the ability of a company to adopt MBD/MBE?
Minim Maximum Mean Std Deviation Variance Count
1.00 7.00 4,70 1.78 3ar a0

Q23 - To what extent does corporate culture factor into the ability of a company to adopt MBD/MBE?

Minimum Maximum Mean Std Deviation Variance Count

2.00 1.00 5.96 1.30 1.68 a0

Q24 - To what extent does the availability of proper technology infrastructure affect the adoption of
MBD/MBE?

Minimum Maximum Mean Std Deviation Variance Count

2.00 7.00 3.40 1.51 2.28 30

Q25 - To what extent does having a relevant data architecture affect the adoption of MBD/MBE?

Minimum Maximum Mean Std Deviation Varnance Count

2.00 7.00 4.98 1.33 1.78 49
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1
Round Three Results So Far

*3D Geometry is the most important element to
communicate information

* Of the twelve elements identified for round 3, only five of
them were deemed “important” this round

e References/Related Standards and Product Specifications
were the most important elements for drawings

—3D Geometry most important for models

*3D Geometry and Detailed Product Geometry are most
important to the MBD
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Stage 3: IDEFO Workflow Represel itations
| |
Customer . . E
Requirements Changes in Customer Requirements Stgndar.ds for Concept to Prototype
Standards of rawings [ ]
Designs v
r Y Legend
» Textbook ‘
_ | Begin Design == Definition
- Creation , Software 3
Introduced Q
b .
irst ¥y Changes — T | e
Draft/Design Final Feedhack
) ) ina MIN/CIM
Design Review | Design , = Cements m
Change Internal Design
Documentation ®
T 1 External m
o Specs
= Detailed \ Q
External Product Build :
Design
Iy \
Customer +
Waork t
> Specs
e —
»| Order/Detail
k J
v Prototype
Final Review  fe—). p
Construction
F 3
Design Team
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=
. E
Quality Constraints for
Requirements  Manufacturing Concept to Prototype
N Customer Design Intent Changes in Cu Requi Standards for
Standards of Designs ges in Customer Requirements
. Requirements Drawings Cross-Referenced .
Y r vyYevv Legend t
» Textbook
_ | Begin Design ¥ Definition :
- Creation Software
Introduced q
L . First Changas Ravisions basad Q
. v v —
Draft/Design Standards for ?n SdubnfE:'s and
Einal Motlels? eechad
i MIM/TIM
R q D
Design Review | ~—F" = Fiements :
Quality Team
— Internal m
F 3 F 3 F 3 External Design
L Specs e
\ External v A
Change R Design
Documentation >
Quality Team = Detailed Q
Product Build
3D Geometry L Constraints for
IManufacturing :
3
Customer
vy Y \
o Work
» Work Specs t
Quality Team » c
R 30 Geometry Order/Detail —
Constraints for
A b Manufacturing 3
A 2B J
DG = v
EOMETTY c . 5. Prototype
Product Owner and Final Review " Construction
Managers
A b 30 Geometry
Design Team
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Customer
Reguirements

Marketing
Reguirements

Quality Constraints for
Requirements Manufacturing

Frocedures
for Quality

Established Prototype

Technical
Customer
Reguirements

I 11

Designars Project
Manager

CAD/Software

Crder of
Prototype Designer IMaterial
MManufacture  Requirements Constraints
Prepare prototype for
manufacture
Order for
Preparation
Designers Technicians
{logistics,
tooling)

v ¥

Prototype to Detailed Product Definition

Final product definition should contain AT A MINIMUM:

*  Complete manufacturing documentation

v Record of software/tools used

+ Written approval of all included persens
{technicians, designers, customers and managers)

Design and Measurement Requirements

o, .
?totypc— +  Afully-built and tested prototype
Drawing/Model ~ e
*  Testand measurement results (re-test and re-
and Parts P X
measure if changes made)
Legend
Textbook
> Definition
Software
Introduced
Manufacturing Procedures Revisions based
Rules/Constraints for CQuality — ?
Q Y on Surveys and
Feedback
MIM/CIN
IManufacturing Requiremeants — Elements
Write manufacturing
documents Customer Test Procedures
Requirements Constraints for Quality
Test and
Measurement
Crder
Designers Technicians
[tooling) Test and Measure
{Model or Prototype) Y
= Custamer Constraints for  Procedures
Requirements  Manufacturing  for Quality
T Results of
Measurements
Measurement Technicians Yy _ .
Tools {measurement) Finished
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Customer Quality Constraints for  Procedures

Requirements Requirements Manufacturing  for Quality Prototype to Detailed Product Definition
Cross-Referenced

Final product definition should contain AT A MINIMUM:

Marketing ) .
N = Complete manufacturing documentation

Reguirements

+  Record of software/tools used
- D’OIE}S'PE + \Written approval of all included persons
ometry Supplier Data Drawing/Model {technicians, designers, customers and managers
2 Crder of F! {te: 5, EMErs, CUS 5 gers)
Established Prototype Brototype Designer Material and and Parts + A fully-built and tested prototype
Manufacture  Requirements Constraints  Constraints +  Testand measurement rasults (re-tast and re-
e measure if changes made)
Technical — Legend
Customer T T Texthook
Requirements — exthoo
Definition
Designers Project
Wanager Prepare prototype for Software
manufacture Introduced
MManufacturing Materials Revisions based
Rules{Constraints Specificati -
Order for ! “ Spedifications Procedures — on Surveys and
Preparation for Quality Feedback
MIM/CIM
Designers Technicians Manufacturing Requirements — Elements
{logistics, =
tooling) Write manufacturing
—
documents Customer Test Frocedures
Requirements Constraints for Quality
Referenced
Test anc and Related
Measurement standards
Order
Designers Technicians
{tooling) Test and Measure
- L 4
Design and Measurament Requiremants (Model or Prototype)
= Customer Constraints for  Procedures
Requirements§ Manufacturing  for Quality
T Results of
Measurements Finished
Measurement Technicians Y ¥ A J Dpr:d.L_J.CI
Tools (measurement) Efinition
ey, Finalize Product
Performance ina Iz? . rTO u 3D Geometry
Characteristics Definition
—
y Enginzering
r Notes
CAD/Software Designers IManagers

Technicians
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Customer Constraints for
Reguirements  Manufacturing

Praduction A 4

Requirements

Technica

Finalize Product
Definition

Process
Requirements

T

Designers Technicians

Legend

Texthoak
> Definition
Software
Introduced

’ Revisions based
on Surveys and
Feedback
IR/ CINA

» Elements

Detailed Product Definition to Manufacture

Procedures
for Quality
V' Finished
Product
Definition
Froduction Production
— Schedule Capabilities
T
Managers . Plan for
Production Production Process
»| Scope/Requirements Eguipment Specific
Sat Production Production
< ™ Rules Rules
T T Preliminary
Designers Technicians Shop Floar Production
Workers . Schedule
Evaluate manufacturing
documents Constraintsfor  Procedures  Production
Manufacturing  for Quality Capatilities
T Detailad
I i ~ . 5 )
Designers Technicians Managers Production Resource raduction
Schedule
and Process —_—
o Eguipment  Machine and
Production . Management Production Tool Procedures
Execution Rules Constraints  for Quality
Planning T I
Designers Froduction
Managers Finished
Product
Product Definition bl Manufacture =
Limitations and Constraints
>
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Detailed Product Definition to Manufacture

Customer Comstraints for  Proceduras
Requirements  Manufacturing  for Quality C ross- Refe rence d
Procluction Y Y Finished
Requirements Product
. . Definition .
30 Geometry Finalize Product Manufacturing
Definition Production  SUPPIErData  pradyction Rules
Schedule and Capabilities
Technica J— Constraints
Process
Requirements
Dasigners Technicians Managers . Plan for
Production Production Process
»| Scope/Requirements Equipment Specific
Production Production
Set ™1 Rules Rules
T hd Preliminary
Designers Technicians Shop Floor Production
Workers . Schedule
Evaluate manufacturing
documents Constraints for  Procedures || Production
Manufacturing  for Quality | Capabilities
Production T I I Detailed
. sioners echnici sers . o -
Exg_ut.mn Designers Technicians Managers PrOdUCtIOI’I Resource roduction
Plznning Schedule
Finished and Process [r—
Product . Eguipment  Machine and
Definition g Manage TG Froduction Toal Procedures
> Rules Constraints | for Quality
Legend T I
Desi Producti v
Texthook ESIENETS reduction
=== Definition Managers Finishad
Product
Software Product Definition o Manufacture x
Introduced Limitatizns and Constraints .
4 3D Geometry
)
) Revisions based
on Surveys and
Feedback
— MIR/C :“q Machining ~ Technicians  Shop Floor
Elements and Teoling Workers
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Manufacturing to Inspection

Factory Constraints for  Procedures
Reguirements Manufacturing  for Quality

I\u’a!'kethg v 1 l Legand

Requirements
— Finished Textbook
Technical Finished Product o 3l pernien
Customer nspectian QL'I'GIII'{ Software
Reguirements Schedule Verification
[— Technigues Introduced
Revisions based
T T 1 1 > on Surveys and
Feedback
Technicians Managers Preliminary e .ac
Inspaction MIMSCIM
Inspection Scope and Schadule — Clemens
Reclu irements Set Inspaction Frocess Plan
Schedule for Inspection
7 1 1 Deetailad
Inspection . et
= . . - Production Resource Inspection
Dispatching . Schedlule
e Planning and ) )
nspection Inspection
Management Schedule Capabilities
c c 1 1 Execution and
Corrective Action i Planning
Inspection Process .
Reports N Management
Planning and =
A Management Inspection Physical .
Process Plan  Measurements  Point Clouds
Conformance Reports Inspection
Results and
Inspection Data Reports
Inspecéonl Performance . Collection [rm—
valuation
»
Y -
=p  Inspection Tracking
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Manufacturing to Inspection

Factory Constraints for  Procedures
Reguirements Manufacturing  for Quality
Cross-Referenced
Marketing v 1 l GD&T - Revision,Version History — Detailed Product Geometry Legend
Requirements
— Finished Textbook
3D Gaometry . Product === Definition
ey | Finished Product ) Quality
Inspection Verification Software
> Schedule Technigues Introduced
Technical T L 3 T Revisions based
Customer = surveysand
Requirements Y Feedbackf
Technicians IManagers Preliminary ]
. Inspaction > MINCIM
B Inspection Scope and Schedule Elements
' Changes to model or " Requirements Set Inspection Process Plan
prototype Schedule for Inspection
F 3
v
g Detailed
Inspection . [
= . . <+ Production Resource Inspection
Dispatching A Schedule
f— Planning and ) )
nspection Inspection
Management Sehedule Capabilities
F 3
v
c - Execution and
Corrective Action . Planning
Inspection Process s
ReporTs . Management
Planning and —
F Man agement Inspection Physical )
r Y Process Plan Measurements  Point Clouds
Inspection
Results and
Conformance Reports Manufacturing Reports
Data/Metrics/KPI for . —
Inspection Process Control and Inspection Data —
peﬁor,ﬂ?qce Improvement _; Collection 3D Geometry
Evaluation . erified
I >
i 1 Failed Inspection - Adjust finished product and
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e CIM and MIM are views of a model-based definition. The
CIM will be a portion of all MIM.

e Adopting a MBE/MBD is a challenge
— Lack of infrastructure
— Lack of experience
— Lack of willingness to change

 Understanding the MIM and CIM will help alleviate the
stress of adoption
— Knowing what you need to know is the first step

e Emerging effects of implicit and explicit information

e The standards community needs to embrace an
information emphasis, not a format emphasis
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