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Introduction
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* International TechneGroup Incorporated (ITI)
* 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

@11

International TechneGroup

 Asa Trainer
 New England upbringing, military veteran
 Engineering education (UMD, WSU, RPI) and
university educator/researcher
 Both aerospace and CAD industry experience
* Interoperability solutions development
e US and foreign patents in interoperability
* International consortia team member
* Interoperability product / process / program
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Building Blocks to a Stds-based MBE Process
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Can we close upstream info gaps needed for downstream processes?
D2MIV 2 :
Can we move downstream MBD back upstream as feedback via a Std?
G)D Can we validate downstream MBD data against its upstream source?
D2MIV 1
— Can we map the upstream MBD Std to the downstream MBD Std?
é) Can we move MBD data to downstream processes (CAM/CAI) via a Std?
D2MI : :
e Is there a demonstrable ROI in taking the MBD downstream?
@R
(f) Can we extend the Test Cases to include more “real-world” elements?
Conf/Val 2 . O
I_ If we do, what impact will it have on the results?
(f) Can we define meaningful MBD Test Cases and Model them in CAD?
Z Conf/Val 1 Can we Verify that the models accurately represent the test cases?
Can we create MBD Std-based Derivatives and Validate them?
Can we Validate STEP files for proper STEP syntax?
Can we coax better STEP file translators out of CAD OEMs & vendors?
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Building Blocks to a Stds-based MBE Process
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c Can we provide near real-time design change to the downstream users?
I®) 8 DMDII 03 Can we provide rapid feedback to designers & planners during simulation
e 8 or execution?
O wn
N o OSD Is there a better way to control geometric quality than global tolerances?
% = TDGV Proto Can tolerance data in PMI be used to control variation in nominal geometry?
o CITD
({) 2 CAX-IF Can the NIST benchmark data and verification/validation processes be used
% I 3DPDF-IF to drive improvement in commercial MBD (interoperability) processes?
@ <
vy O
8 - Can the NIST benchmark data be used to drive improvement
GE) CT) In commercial MBD (interoperability) processes?
==
o @) Can end-user companies leverage the NIST benchmark data
End-user Companies . . . :
QO o3 and verification/validation processes?
CAX & Interop. Can CAx and Interoperability vendors leverage the NIST benchmark data
Vendors and verification/validation processes?
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Design to Manufacturing
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The Team
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Rockwe, /

NIST
®ITLE Mitutoyo

U.S. Department of Commerce

International TechneGroup

Mastercam. .:.:....

L
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Data Exchange from CAD-to-CAM and

CAD-to-CM
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Supplier
(Geater M&M)
NX to - ™~
OEM PDELib (ITI)
STEP
(Rockwell Collins) (CTCore)
CAD w/ W l L (CNC MasterCAM)
PMI (NX) J STEP to / ACIS Kernel \
eACIS
(ITI) > CMM
(Mitutoyo MiCAT)
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Test Models and Results Metrics
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e CAD Model Creation Metrics

* Introducing MBD Process into Design Org had some ramp-up
(CAD system MBD issues, training reqgmnts, etc)

« CAM Model Creation Metrics
« MBD approach had similar cost to 2D approach
« CMM Model Creation Metrics
 70% reduction in cost over traditional 2D exchange

Please refer to Part 1 presentation, GPDIS 2016, for additional details
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Design to Metrology Validation

D2MIV 1
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Data Exchange from CAD-to-CMM
(STEP to eACIS) with Validation
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CAD CAD to W STEP to
with PMI STEP J eACIS

2 CAD systems 5 Test Cases 4 Translators l

ACIS Kernel

Validation

Validation by PMI Category
DFS — Datum Feature Symbol
DTS — Datum Target Symbol
DIM — Dimension
FCF — Feature Control Frame
Notes — Free Standing Notes
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D2MIV Results Summary
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« RC Models

e Focused on Heat Sink model — validation 99% clean
e |ssues with Dims on Stand-off Model

 NIST CTCs

25 models from 2 CAD systems, 5 vendors
 Datum Targets were biggest issue (all systems, all vendors)

e Success Rate — Avg - 80% (StdDev 15%)
— One model bad (all systems, all vendors)

Please refer to Part 1 presentation, GPDIS 2016, for additional details
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Validation of extended-ACIS PMI
representation with Source STEP Model
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Validation of extended-ACIS PMI representation with

source STEP Model illustrating an anomaly
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Validation illustrating loss of Associated Geometry for

a Datum Target Symbol in target ACIS model
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Change to Feature Control Frame primary
datum reference frame identifier
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STEP-QIF Mapping Tables - Classes
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 PMI e Links
 Dimension Types (19/21)  PMI <-> Brep (both)
« Dimension Tolerance  PMI <-> Polyline
Principle (2/2) presentation (both)
e Dimension values (45/48)
 Tolerance Types (15/18) . Miscellaneous

 Tolerance Zone (13/18)

« Tolerance Modifiers * Notes (both)

(17/21) * Flag Notes (QIF)
 Unit based Tolerance * Surface Finish (QIF)
(9/9) « Tables (none)
- Datum reference * Global or General
modifiers (25/32) Tolerances (none)
« Shape * Views (both)

 Topology (8/8)
e Surface Geometry (11/11)
e Curve Geometry (10/10)
(# of STEP elements / # of QIF elements)
Please refer to Part 1 presentation, GPDIS 2016, for additional details
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Results
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e Successfully demonstrated transfer of MBD
design models from OEM to Supplier and from
CAD to CAM and CM systems

* Proved that, for metrology, savings for MBD
transfer over traditional, non-MBD, was
significant (70% reduction in overall process
time)

 Validation was a valuable check on data quality

« STEP and QIF have similar coverage, ACIS had
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esign to Metrology
Filling in the Gaps

DMDII O3
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MBE Processes
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Mfg Engr may add
Mfg (In-Process) PMI

Designer creates CAD design

Process

el  STEP AP242 CAM Plan CAM
with PMI Planning Sim/Execution

FAI Model

Stage Model
AP242

STEP2ACIS

Metrology
Planning

Metrology

eACIS with PMI Sim/Execution

CM Planner may
add Insp PMI

Metrology
Analysis

Feedback QIF 2.1
CAD or CAM or Concat QIF QIFResults
CM As-Measured Char to STEP As-Measured QIFStats

Char. each with
status & value

Char. each with
status & value
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Last Year’'s Next Steps
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e Gaps in PMI support important for Mfg/Metrology
« Surface Finish, Welds, Material
* Inclusion of Precision
« UOS Tolerance
« Management of UUIDs for Traceability
 Choice of UUID class
* Insertion/Extraction of UUIDs on PMI
« Demonstration of feedback from Metrology (QIF) to

Design/Manufacturing (STEP)
« Alternate Shape Representations
« Alternate PMI elements

e Status
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The Team
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l| STEP Tools, Inc. VIMANA
@ DMDII

E3 aVILABS C

MM Mitutoyo

) AMERICA CORPORATION
International TechneGroup
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Demonstration Architecture
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 More accurate, more timely and more automated on-machine measurement

1. AP242 Tolerances

Model 1: Stage model R TI RN Gate 1- AP242 > ACIS
Model 2: Tooling model : : Gate 2: MTConnect -> CMM
Model 3: Result model CN C v Gate 3: QIF -> AP242

2. MTConnect

with Measurements CMM with
"

Twin Gateways
Models

3. QIF Inspection results

1. Share stage model with required tolerances between CNC and CMM

2. Machine part with results to CMM as touch points on features/characteristics

3. Evaluation of tolerance compliance with results back to CNC for any necessary action
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Virtual model of part machined in Mukilteo
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Workingsteps Workplan

Tolerances

Are the features
in tolerance?
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Measurement Process
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@ « Design to CAM/CMM
CAM to CNC Machine with
_ AP242 MBD Digital Tvlvirz) ) §
< P ia MTC
Desan AP35 for setup
e OMP streams through MTC to
CMM
] ] »  Probe points in part space
MTC recording from Mukilteo * CMM Analysis verifies Quality
@ *  Results return QIF Results
w/AP238 setup + MBD Gateway appends QIF
AP242 Results to AP242d .
. As-Designed and As-
MBD M d PMI
l® (C?w%s;'gﬁeristics) packaged
\\/4 together
Eng?r,leeri eile Verification/
doe Machine MTC Quality - MBD
' Agent Gatewa
CAM Digi\tlgltr'll'win i cMM :
@ A ©) @ S,
Geode MTC Adapter Data MTC Agent Data QIF Results

W/AP238 setup w/ Sim or live OMP w/ Sim or Live OMP

@ @ Performed at Mukilteo (see https://www.youtube.com/watch?v=Mjzg5nku5Lg)

O & G @ (& Prerformed at DMDII with a virtual CNC in NY and a virtual CMM in Chicago
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Input: Tolerances and probe points in AP242
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1. Planner*:; Measurements from AP242
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MY C S Tgoxy 20170306 - MCAT Hanner 15 e
Home | View "]

72 & 4 @ ¥ * Mi

Rules  Design | CAS Part Measurement  Translate to MICAT Planner 1.5
Editor  Model | 9108+ Piograms  GEOPAK . .
| Yook noct | OUE pocementGeaton | MCORMOS : special version for
Plan View v g x |30 View % .

Nesae DMDII O3
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2. Digital twin measurements using AP238
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Machining Twin

Touch Probe

Virtual Part from
MTConnect
recording

D B @ B @ B a @ e
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3. Measurement points in MTConnect agent
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& @ () swim.steptools.com:5000/current Q& %0 Y
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2017-02-20T18:41:45.4435712 | AccumulatedTime | x:CUTTING_TIME plCuttingTime Mp1CuttingTime 27 UNAVAILABLE
2017-02-20T18:41:49.4435717 |PathFeedrate ACTUAL plFact Mp1Fact 28 UNAVAILABLE
2017-02-20T18:41:45.443371Z PathFeedrate PROGRAMMED plFemd MplFcmd 29 UNAVAILABLE
2017-02-20T18:41:48.4435712 PathPosition plLPathPos Mp1LPathPos 30 UNAVAILABLE http // m t pt | m: 5000/ t
2017-02-20T18:41:49.4435717 | AccumulatedTime | x:OPERATING_TIME plOperatingTime Mp10peratingTime 34 UNAVAILABLE " SWI " S e OO S " CO " Cu rre n
2017-02-20T18:41:49,443571Z AccumulatedTime | x:RUNNING_TIME plRunningTime MplRunningTime 33 UNAVAILABLE
2017-02-20T18:41:49.4435717 | AccumulatedTime | x:5PINDLE_RUN_TIME plSpindleRunTime Mp1SpindleRunTime 36 UNAVAILABLE
2017-02-20T18:41:45.4435717 | AccumulatedTime | x: TOTAL_CUTTING_TIME plTotalCuttingTime Mp1TotalCuttingTime |38 UNAVAILABLE
2017-02-20T18:41:49,443571Z | AccumulatedTime | x: TOTAL_OPERATING_TIME |plTotalOperatingTime |MplTotalOgeratingTime |39 UNAVAILABLE
2017-02-20T18:41:49.4435717 | AccurnulztedTime | x: TOTAL_RUNNINC_TIME plTotalRunningTime  |MplTotalRunningTime |40 UNAVAILABLE
2017-02-20T18:41:45.4435717 | AccumulatedTime | x: TOTAL_SPINDLE_RUN_TIME | p1TotalSpindleRunTime |Mp1TotalSpindleRunTime |41 UNAVAILABLE
Events
Timestamp Type Sub Type Name Id Sequence Value
2017-02-20T18:41:45.4435712 |e:BlockNumber plBlockNumber Mp1BlockMumber 24 UNAVAILABLE
2017-02-20T18:41:49,443571Z |e:Variables *:COMMON plCommenVariable MplCommenVariable 25 UNAVAILABLE
2017-02-20T18:41:49.4435717 (ToolNumber plCurrentTool MplCurrentTool 26 UNAVAILABLE
2017-02-20T18:41:45.4435712 |e:Macman %:PANEL_HISTORY | pIMacManPanelHistory MpIMacManPanelHistory 31 UNAVAILABLE
2017-02-20T18:41:49.4435712 |e:OutputSignal %DRY_RUN p1MachineOperationPanelQutputDryRun MpIMachineOperationPanelOutputDryRun 32 UNAVAILABLE
2017-02-20T18:41:49.4435717 |e:QutputSignal *:MACHINE_LOCK | p1MachineOperationPanelQutputMachineLock | MplMachineOperationPanelOutputMachinelock |33 UNAVAILABLE
2017-02-20T18:41:45.4435717 |ToolAssetld plToolAssetld Mp1ToolAssetld 37 UNAVAILABLE
2017-02-20T18:41:49.4435717 (Block plblock Mplblock 42 UNAVAILABLE
2017-02-20T18:41:45.443571Z |Line plline Mplline 43 UNAVAILABLE
2017-02-20T18:41:45.4435717 |PathFeedrateOverride | PROGRAMMED | pFovr MpFavr 44 UNAVAILABLE
2017-02-20T18:41:45.4435712 |Execution pexecution Mpexecution 45 UNAVAILABLE
2017-02-20T18:41:49.443571Z |ControllerMode pmode Mpmode 46 UNAVAILABLE
2017-02-20T18:41:45.443571Z |PartCount ppartcount Mppartcount 47 12
2017-02-21T18:54:35.2712 Program pprogram Mpprogram 346 BOXY_PART_IPM_OPB_20170216
20_1?-02-21T14:00:32‘526- Messurement — p1.85 365 feature;"9ffd7cof-25bd-4bed-ab37-9007eed55c69" order:1 count:6 id:'FACE27463" characteristic;"3DLocation” x;-11.000000 y:-33.333333
03:00 2:10.002639
Linear: X
l.
Samples
L A
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4. MeasurLink* generating QIF Results
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Routine Library [ M | Measirink Conscie - [Real-Time] = |
3 T I vove view Tods [ tacodes |20V aqac
BQ? Routine Library % ";W 'ﬂ; A 'k; ‘vaﬁ Dide Modles Bar
Q:l Demo Gige Inspection Process  Frocess Real- Support Tusnrials

Time Center

é@: BUXY_Q‘:"?{EDB R&R  Wizard mai,'zer\r

[+ BOXY_20170306.FLATNESS_1

Fi- BOXY_20170306 PERPENDICULARITY_! T — G-
[1-4# BOXY_20170306 FLATNESS 2 & torn :
T Par: BONY 20170308 Part BOXY Z01T0306 Part: BOXY_20170308 Part: ECIXY_20170305 Part: BOXY_217008
i@ BOXY_20170306.FLATNESS 3 3 Inspection Wizard Criar. FLATNESS, | Crar FLATNESS 2 Crar: FLATNESS.3 Crer: FLATHESS 4 ora: FLATNESS 5
@ BOXY_QU]?D?,&BPERPEND|CU|_AR|TY_2 P Lainch Last Obs: 0.031000 s Obs: 0000000 EEE l.s'\lm 2.001000 | 0es 000000
F-46 BOXY_20170306 FLATNESS 4
-4 BOXY_20170306.PERPENDICULARITY_3 AL L e | "
FE-46 BOXY_20170306 FLATNESS 5 - - — —
@ BOXY_QU1 703&6PERPEND|CULAR|TY_4 Part: BOXNY_20170006 Part: BOXNY_20170006 [Part: BOY_20170005 Part: BOXY_201 7006
‘@ BOXY_QD1 7D3DBD|STANCEBTW_1 &;J :fEP.-'z.I'J CLULARITY 1 &;J :fEP.-'E.I'J CLLARITY 2| JCrer: H’EP(H?CU: ARITY 3| C,I-a rra_:fmo_r}.xmm' 4
T Last Obs: 004600 Last 0bs: 0000000 L6t Oos: .001000 Lsst Dbs: 0000000
i.s_] BOXY_20170306.DISTANCEBTW_2
&@ BOXY_20170306.DIAMETER_1 B — -.1 Export
[#-4# BOXY_20170306 DIAMETER_2 [ | o=l | j =
‘-@ BOXY_QD1 70306.DIAM ETER—3 T e e e Thls Wizard will guide you through the steps for exporting data.
Fi-44 BOXY_20170306 DIAMETER 4 o AR o OETER T DAVETERY o DTS Fis soloct e dets expot omat
Last Obs: 16000000 Last Obs: 16000000 Last Oos: 16000000 Last Obs: 16.000000
= t 1—'.?-| = t 1—'.?-| = "'u%l = ﬁ Run 3/8/20171:32.26 PM
: | : | . = | I =
Part BOXY_J0170306 Part B0XY_20170306 Output Type
* 1 Char. DXSTANCEBTW_ 1 Char. ASTANCEBTW. 2
MeasurLink v8.2.1 - e  Teie
(released Dec 2016) | |l L .=  Acoer
and newer ] ] O Ecarie
@QF
Re_a_q;- | Nmm_a_o|ma_sm‘mess_|_ l ﬂa@
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5. Viewer showing QIF Results in AP242
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OXY 20170306 _Res

File View Setup Simulate Tolerances Probing Help

10 Hd QP & Eﬂi’ & R T B (3 View v % Machine Tool + [3] Position [[] Feeds [F] Cross Section | @)

< Back QOPEH Files » Forward > Goto STRL 0
MTonnect 0 Track & Simulate @ Disconnected
l* ' - Pl Model Toolsfor WS Featuresfor WS Tolerances for WS Probing

Raw || Finished | | Deta Foture |~ Tool [ PMI [ Planes [ Toobaths [ Explode
) Smiste &[]

g 3 Subcomponents
=4 BOXY_20170304

o3 Part Tolerznces

L @-_L 0025mmB(000)
L 0025mmB(0)
L 0025 mm B (0.046)
L 0025mmB(0)
ol 60mm +02-02 (59.988)
o 60 mm +02-02 (60
.7 002mm (0)
-7 001 mm ()
-7 001 mm (0001
£ 001 mm (0)
-7 001 mm (0031)
- 1BmmA01-01(16)
@ 16mm+01-01(16)
@ 16mm +0.1-01(16
L 16mm+01-01(16)
-4 Part Datums

Woriq:lars Part Properﬁ&i Tools  Features 5 a trademark of Boeing Management Company
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Internal: UUID’s that relate all the data
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STEP Data QIF Data

STEP File Browser - boxy_part ipm_op8 20
@ STEP File Browser - boxy_part_ipm_op8_20 e

File View Navigate Help Fle Edit Farmat View Help

|D‘.-,| « * 1 ; ﬂ' ! | M l;, ,:;‘ u ‘%f ;:+_ | @ k‘? k?xml version="1.8" encoding="utf-8"?> n

*19- <QIFDocument versionQIF="2.1.8" idMax="94" xmlns="http://qifstandards.org/xsd/qif2">
<QPId>59f3c1c8-154b-438c-9a5d-2e926c9ddd19</QPId>

J® authorisation =/ ''); A

FILE_SCHEMA (('AP242 MAMAGED MODEL_ BASED_3D ENGIMEERING_HMIM_LF { 1
ENDSECG;

ANCHOR;
{0ceBBc71-b207-4ch5-08Fc-734ced2ab Bb B> =
{0ffd7cbf-25bd-4be0-ab37-90b7eel

<Part id="4"»
<Attributes n="1"»
<AttributeQPId name="QPId"»

/= shape_aspect =/
/* shape_aspect */

{4598a1dd-8781-4bbB-9bb1- /% perpendicularity_t <Values5d457828-3aa3-4708-2da5 - 3cBc38754838¢ Value>
{96beB1ed-Gbfe-4a29-an12= ; /* dimensional_locatii </Attribute(PId>
{f18baefd-4bPF-4F18-a /% dimensional locati ‘ﬂ"tgrib“t“’
{BBaBffed-0d56-4de2-8dd9- /* flatness_tolerance eacer> v
{468d0Faf-20c6-44a?-9b08-ed9a ; /* dimensional size ¥ / 2
{38173714-b4FF-4ad7-8b02-d4ed5de ; /= dimensional size b
{f54b1373-b66F-4f36-b114-ch3eBhebi1f ;  /* datum =/ v
¢ ? / MTConnect Adapter Data

p 0 g pad .

File Edit Format View Help

b817-82-28T15:32:24.223-85:88|measurelfeature:“9FFd7ch-25bd-4be9-ab37-98b7éE!§535§” order:1 count:6 id:"FACE27454" characteristic:"3Dlocation” x:-11.80000@ y:-33.333333 z:9.500000
2017-02-20T15:32:24.385-05:00 | measure | feature: "9ffd7chf-25bd-4bed-ab37-98b7ee855¢69" order:2 count:6 id:"FACE27454" characteristic:"3Dlocation” x:-11.006000 y:-26.666667 z:9.500000
2017-82-20T15:32:24.711-05:00 | measure | feature: "9ffd7cbf -25bd-4be9-ah37-90b7ee855c69" order:3 count:6 id:"FACE27454" characteristic:"3Dlocation” x:0.08008000 y:-33.333333 z:10.000000
2017-02-20T15:32:25.186-05:00 | measure| feature: "9ffd7chf-25bd-4be9-ab37-90b7ee855¢69" order:4 count:6 id:"FACE27454" characteristic:"3Dlocation” x:0.0800000 y:-26.666667 z:10,000000
2017-82-20T15:32: 25.806-05:00| measure | feature: "9ffd7cbf - 25bd-4be9-ab37-90b7ee855c69" order:5 count:6 id:"FACE27454" characteristic:"3Dlocation” x:11.000000 y:-33.333333 z:10.500000
2017-82-20T15:32: 26.592-05:00 | measure | feature: "9ffd7cbf -25bd-4be9-ah37-90b7ee855c69" order:6 count:6 id:"FACE27454" characteristic:"3Dlocation” x:11.0800000 y:-26.666667 z:10.500000




How?
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e Planning
 UUID assigned to each tolerance and characteristic
in STEP
 UUID translated into CMM server database

 Manufacturing

 UUID of measured characteristic put into
MTConnect stream

 UUID of measured characteristic put into QIF
results

 UUID of corresponding tolerance put into QIF
results

 UUID of tolerance read by digital twin

GLOBAL PRODUCT DATA BOEING is a trademark of Boeing Management Company
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Why? - Increased Productivity
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* Design requirements sent direct to planning and
manufacturing

 Automated planning to meet the tolerances
« Automated detection and correction of anomalies

 Integration of CNC and CMM functions
e Single setup
« On demand measurement

STEP
 Tooling optimization Long Term vehiing
* Feed speed optimization
« Adaptive programming o3
STEP-NC ¢ > MTConnect/QIF
Increased Productivity Automated Traceability
poen EEE e e PR SURWIT201T i T
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D2MIV 2 and DMDII O3
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 Near-term Gaps

« Measurement Geometry — Taper Circle example (NIST FTC)
UOS Tolerance Demonstrated
Surface Roughness
Agreed upon list of assoc. features and characteristics
Criticality Attribute - safety or functional
Traceability - UUIDs/QPids Demonstrated
 QIF Results back to Design and Manufacturing Demonstrated

 Longer-term Gaps
« Authentication - security checksum
e Extending Validation
 Metadata — External to the model (who, what, where when and
why)
e Certification to Standards
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esign to Metrology - Vision

36 "'f'f' r » GLOBAL PRODUCT DATA BOEING is a trademark of Boeing Management Company
,, AR %‘J i E'R Oll\-)IIE RIGIB | 'i ! T'I\: Copyright © 2017 Boeing. All rights reserved.
g:'?;' ELYS'UM m NORTHROP GRUMMAN. Z;_'p;//va Copyright © 2017 Northrop Grumman Corporation. All rights reserved.

GPDIS_2017.ppt | 36
2 ELYSIUM Cparic: T e e GLaraaer = ppt |



A Vision for Interop. between Design &

Inspection

Brep
w/PMI

(CAD)

-

\_todesign features

Characteristics linked

Validate
Brep
w/PMI
(AP242)
\\ Characteristics linked
to shape aspects

Validate e e

& Brep
w/PMI

T S

‘ ~ Validate
As-Measured
Virtual
Validate (COP, Tess, Brep,
Char. Reps)

to shape aspects

7

COP,Tess,Brep,
Char. Reps
- (AP242)

Characteristics linked
Validate

Design

Mfg

Characteristics linked
to shape aspects

__{}_______-

As-Measured

I I Actuals
(eACIS/QIF) |:> (QIF)
As-Measured Physical Part
- | COP |
Characteristics linked . ( ) . Characteristics linked
to shape aspects I : to QIF Features
FAI Planning ' FAl Execution | FAI Results
SPC Planning SPC Analysis - SPC Results
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Next Steps
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* Gaps in PMI support important for
Mfg/Metrology
» Surface Finish, Welds, Material
* |Inclusion of Precision
e UOS Tolerance

 UUIDs for Traceability
« Recommended Practice for Cax Testing

e Demonstration of feedback from

Metrology (QIF) to
Design/Manufacturing (STEP)
 Add Alternate Shape Representations
 Add Alternate PMI elements
 Add Status and RPN

Permanent Entity |Ds for Design Iteration and Downstream
Exchange
Release 0.
- Draft-
August 25, 201
Authored b
Asa Trainer Ed P
m Im
EEER paff@iti-globsl

A

AV,
Implementor Forum

Recommended Practices
for

Contacts
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In closing...
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 The building blocks we are setting into place are now

forming the foundation for a Standards-based MBE
process
« CAD companies, interop. vendors, end-users, and consortia
are all engaged and benefiting from the results of early
research
 Engaging downstream vendors and consumers in the
process will accelerate the momentum around MBE
 Research is now beginning to deliver the promise of real
benefits to downstream consumers of MBD data

D2MmI D2MIV 1 DMDII O3 D2MIV 2

CAXx-IF CAD & Interop.

3DPDE-IF JT-IF Vendors End-user Companies

OSD
e - "
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