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Introductions

o ITI TranscenData
— Private company headquartered in Cincinnati since 1983
— Development offices in the United States, England, Israel and India

— Engineering software and services
 PLM system migration solutions
« CAD interoperability solutions

@ Doug Cheney
— US and European upbringing
— Engineering education (Caltech and BYU)

— CAD validation specialist
 Algorithms
 International standards
« Process improvement consulting
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The Digital Product Model Evolution
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Barriers to a Model-Based Enterprise (MBE)

Non-Technical Technical
@ Limited capital expense @ Incomplete CAXx system
budgets functionality NIST

Matienal Institute of
Stondards and Technology

@ Legacy product reuse rather @ Lagging standards and

than new product design regulations e
ISO
N
@ Human resistance to @ Digital data variation
change

Inertia
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NIST MBE
PMI Validation and Conformance Testing Program

Develop test case definitions,

P NIST
test case models and National Instiute of

] Standards and Technology

software algorithms
sufficient to measure conformance of CAD systems
to American Society of Mechanical Engineers (ASME)
standards for Product Manufacturing Information (PMlI)
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NIST 3D MBE PMI Validation Data Process Flow
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NIST 3D MBE PMI Validation Test Case Example

Test Case CATIA Model

Creo Model

7 | Technical Road Blocks for a Model-Based Enterprise



Lagging Standards and Regulations — Not for long!

@ International Data Modeling Standards
— 1SO 10303-242 STEP AP242 = AP203 x AP214
~ 1SO 14306 JT 1SO
— IS0 14739-1  PDF with PRC =

@ FAA Aircraft Type Certification
— MBD approved for Gulfstream G650 and Boeing 787
— Other aircraft programs pending

@ Department of Defense Regulations [srasmwmes | [osme

Picatinny Arsenal. NT has not been approved and is
subject to modification. DO NOT USE PRIOR. TO MIL-STD-310004

_ MIL_STD_SlOOO ReV|S|0n A OFFICIAL APPROVAL. Project: SESS-2012-013. %W

— Technical Data Package (TDP)
can be 3D with PMI

¥\ Federal Aviation
A Administration

DEPARTMENT OF DEFENSE
STANDARD PRACTICE

TECHNICAL DATA PACKAGES

This standard is approved for use by all Departments and Agencies of the Department of Defense

1. SCOPE.
1.1 This standard provides requirements for the deliverable data products associated with a technical data
package (TDF) and its related TDP data management products. A TDP contains elements, is described by

a level and type, and may have associated metadata and supplementary technical data. TDP contain: sa
sub-set of product data and product data is a sub-set of technical data. These relationships are shown in
the hierarchical breakdown of data in Figure 1.
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Barriers to a Model-Based Enterprise (MBE)

Non-Technical Technical
@ Limited capital expense @ Incomplete CAXx system
budgets functionality NIST

Matienal Institute of
Stondards and Technology

@ Legacy product reuse rather @ Lagging standards and

than new product design regulations e
ISO
N
@ Human resistance to @ Digital data variation
change

Inertia
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Types of Digital Data Variation

1. Master Design
Interpretation Can it be manufactured?
— Confusing structure
— Inconsistent data
— Unrealistic features

2. Data Translation/Migration

CAD A to CAD B or Is it equivalent?
CAD ARev 1to Rev 2

— Data loss
— Degradation
— Unacceptable change

3. Engineering Revision
— Unintentional change
— Undocumented change

Is it correct and clear?
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Master Design Interpretation Divergence
@ Unrealistic (ambiguous) features in models must be

Interpreted by downstream users
@ Different interpretations can affect part quality

Analysis
Model
Rework
/a ﬂ Prototyping
/ / Model

Design Rework

Model Manufacturing
% | Model
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Master Design Interpretation Divergence Example

@ Simulation approved the design

@ Manufacturing produced initial parts from native model
@ All parts failed during final testing

@ Caused last-minute schedule delay and retooling

| Test Part :
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Master Design Interpretation Divergence Example

@ CADIQ Yiewer - [CATIA ¥4] - [splash_shield_ct_qualify.iqr]

% File Edit window Help

IEEEEIRILE

Sort By: I Lewvel j

Level & I
@8 Tooling Defects
-4 Sharp Face Angle [1946]

--[]5: 180
- []6: 180
- []7: 180
- [8: 180
--[]9: 180
[ J10:-180
- [C]11: 180
- Jarf12:-180

DExcHange Defects
[ Simulation Defects

Unrealistic feature
(zero thickness)

Copy Yiewpaint ta: |-deas CATIA NS

Done populating diagnostic panel. ..

Testing failure
(missing material)
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Master Design Geometry Defect Examples

QL A Viewes - [CATIA V5 RELS 5PO) QL A Viewes - [CATIA V5 RELS 5PO)
@ File Edit Took View Window Help E & Rile Bdit Tool View Window Help
@ [0} Contmd Sin| CATIAVE FlEH® &® &4 884 Cep ;0B Lhd 2 @ [0 Contml Sin| CATIAVE @ [§ AR A e e L] Soleth 2 @l N2

Context View

i [T Namow Face [0/1)
| @ D bexmaticn

s [ Femture Faces VD)
i) [l Frmtuem Faea (UE3)

QL A Viewes - [CATIA V5 RELS 5PO) ool ] 0, CADIG Viewe: - [CATIA VS RELY 5FO]
@ File Edit Took View Window Help == & Rile Bdit Tool View Window Help

(@ | [T] Comel Snie| CATIAVS g ! ? (@ | [T] Comel Snie| CATIAVS @ e AP

+ [l Feature Faces {0125)

i [ Pt Faces {0U56)

Save Snapshat... Save Snapshat...
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Master Design PMI Defect Examples
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Geometry Translation Variation Example

@ Parametric design features preserved
@ Different geometry solution in target system

@ Fillet converted into a round which extends along top of
flange

# | CADIQ Viewer - [CATIA 424 CADfix CSDK VS. CATIA V5 RB19 SPO]
{8 File Edit Tools View Window Help

(B Poemise(lGe  v[A@ & B e H8e S B EFRLOQ N
r ] Sort By:
Context View Legacy Model Translated Model o Pt e

eviant Faces (11/22)
M 2: 00152863
= M 400191702
i y W5 oot
Shifte ges (4/

v

Sort By: | Search Results v

Search Results (HotWarm)
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PMI Remastering Variation Example

@ Different graphical presentation (expected, acceptable)
@ Lost datum feature symbol
@ Tolerance value change

/ CADIQ Viewer - [CATIA V5 RB21 5P3 VS. Unigraphics NX V8.0] =N R
48 File Edit Tools View Window Help =& ]
= D Control Style:| CATIA V5 E@ @ Q =1 1@,‘ 4;‘ z@ z@ ﬁ PMI Presentation, Representation and Quality Changes lz‘ * Réh?‘ Fk' %\ f @ @ *?
View Comment: PMI Presentation. Representation and Quality Changes: During remastersing. the tolerance value of this annotation changed and the datum feature symbol for datum B waq \:l
Disgnostic. Panel R el I IaSte re d M 0 d el prostic Fanel
Sort By: | Search Resufts lz‘ Le g aCy M o d e I t By: | Search Results
Search Results {HotWarm)

£ Different Annotation Location {0/1)
[11:21.0048

€3 Different Annotation Parameter {1/0)

I:“I : Feature Control Frame {6}

88 Simple Annatation Match (0/1)

I:"I : Concentricity. 1 -> Feature Control Fra...
£ Undefined Datum Feature (0/1)

I:"I : Feature Contral Frame (6)

Search Results (Hot/Warm)

[]1: Simple Datum.2 [3184]

Mode! Tree Panel

Model Tree Panel
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Geometry Migration Variation Example

The geometry created by these features was added
when all features in the model were updated in the
new version of the CAD system

0 CADIQ Viewer - [CATIA V5 RB18 SP4] = e
48 File Edit Tools View Window Help =& =)
& | [) Cortrol Style:| CATIAVS e & 5 <5 M B o Dot [F]p D HRLDE N
Sort By: | Level [+]
Current Model Updated Model T,
@ Shape Changes

- [ Unmatehed Left Sold (1/0)

=1
=) 3 Different Model Area (1/0)
|:| 1:2.31837
=13 Differert Madel Location (1/0}
- []1:07128883
-5 Different Model Volume (1/0)
“[]1:0.728287
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PMI Migration Variation Example

Dimension display values changed when model were updated
In the new version of the CAD system

Q CADIQ Viewer - [CATIA V5 RB19 SP5]
38 File Edit Tools View Window Help

=li===
=& (X
&[5 Control Styie: CATIAVS EE’[@ B e BHe vl SERLOR K
. W
Contesil s Current Model Updated Model ks =

Level &

£3) Annatation Differences

- [ Different Annotation Curve Length (4/0)
n Parameter (4/0)

|
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Unintentional Revision Change Example

@ Pocket depth on back side increased
@ Hole break-out introduced
@ Missed by drawing checker reviewing as-is drawing redline

‘CADIQ Viewer - [Unigraphics NX V7.0 VS, Unigraphics NX V7.0]
@ File Edit Tools View Window Help

& [F) Corkrol S CATA CEE) &8 #£EBBeom 00 e HERL0@ N
As-Is Model To-Be Model

20 | Technical Road Blocks for a Model-Based Enterprise Transcennata



Intentional Revision Change Documentation

@ Side-by-side 3D PDF with synchronized graphics

@ Each geometrlc and PMI change highlighted separately
£ZZ TranscenData # @ @ »

CADIO

Part Number:

bracket_with_pmi

side: [Right | Level: |Annotation Changes

Part Number:

bracket_with_pmi_modified. CATPart
21 | Technical Road Blocks for a Model-Based Enterprise




Managing Variation in a Drawing-Based Enterprise

@ Simpler data: 2D geometry, GD&T and notes
@ Drawing checking before release

@ Human interpretation in all downstream processes
— Tooling, process planning, inspection

@ Only graphical presentation must be translated and viewed
@ Sufficient time for checking, release and consumption

Controlled
with
Flexibility
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Increasing Vvariation in a Model-Based Enterprise

@ Complex data: 3D geometry, design features and PMI

@ Limited checking before release

@ Automated system consumption

@ Precise representation must be translated and interpreted
@ Fewer iterations, less time to market

Uncontrolled
yet
Highly-Constrained
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Why Not Continue Manual Checking of MBE Models?

@ Complex
o Tedious
@ Mind-numbing

Time-consuming
Expensive
and
Error-prone
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Managing Variation in a Model-Based Enterprise

1. Automated design checking and expert review
before release
— Consistent structure
— Complete content

— Realistic features Early warning
2. Automated translation validation systems
before delivery with

— No data loss or degradation
— Only negligible changes
3. Automated ECO validation
before release
— No unintentional changes
— Clearly document intentional changes

Issue resolution
processes
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Questions and Comments?
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