€ DOE/NNSA
Kansas City Plant

Product Tolerance Representation

Critical Requirements for Product Definition and Metrology
Interoperability

Technology that Reduces the Complexity of:

Representing & Exchanging Fully Semantic Model-Based Tolerancing &
Generating Correct CMM Measurement Programs for Rapid Certification
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Principal Mechanical Engineer
National Nuclear Security Administration
MBE/TDP Summit United States Dipariment of Energy under
12 December 2011 Contract No. DE-NA0000622

We make products for national security.
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Why Men Do Not Live as Long as
Women?

Your Safety Tip(s) for Today



Standing on a bucket on TOP of a
ladder, brilliant
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Wonder what HE makes an hour? It .

can't be enough.




Oh yeah, THAT's safe!




No problem, | can see through the
holes.




It starts at a young age and just gets .




You hold it while | whack it with this .
hammer.




A new OSHA approved substitute for .
ladders
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Ropes are for sissies
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Now, | wanna know why?
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IGD Who is the Kansas City Plant?

Kansas City Plant

Established by DOE in 1949 with over 3.2
million ft2, 2800+ people
» Classified Secured Facility

= Managed and Operated by Honeywell
Federal Manufacturing & Technology

= Primary Mission: Build & Sustain Non-
Nuclear Portions of the Nuclear Arsenal

= Engineering & Manufacturing are
Primary Core Competency’s - very
diverse capabilities

= Responsible to provide (make and/or
purchase) 100,000 + items for DOE

= Mission includes partnering with

» Other Government Agencies - Work for Others (WFO)
Program; and

» Companies — Cooperative Research & Development
Agreement (CRADA)

We make products for national security.



IC Agenda

Kansas City Plant

Fully Semantic Tolerance Definition (PMI)
 Understanding
e Critical Requirements

 Enablers to Manage Complexity
 Feature-Based Tolerancing (FBTol) Brief

 Feature-Based Measuring (FBMeas) Brief
e Optional Demonstration (via .wmv video)

 Progress PMI Agenda (Way Forward)

e Collaboration

We make products for national security.
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Overview

o Status of Complete & Unambiguous Product Modeling

= Today’s product definition systems successfully deliver the
representation and exchange of nominal shapes.

= Unfortunately, no one can manufacture nominally shaped parts.

= However, we can make parts that fit and function according to
correctly specified and accurately conveyed product tolerances.

= Correct,complete & unambiguous, and verified tolerance
definitions are the critical enabler for realizing:

. successful representation, consumption, and/or exchange of product
models for next generation automation applications

. return on investment promised by MBE

Presently, there is likely no single CAD-based system available
with the level of robustness to adequately represent and transfer
product tolerance information.

We make products for national security.
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Overview

o Status of Complete & Unambiguous Product Modeling

 Requirements for a Fully Semantic Tolerance
Definition

We make products for national security.
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Overview

e Status of Complete & Unambiguous Product Modeling

 Requirements for a Fully Semantic Tolerance
Definition

e Basic Understanding of Model-Based Product
Tolerance Technology

We make products for national security.



I~ -
Overview

e Status of Complete & Unambiguous Product Modeling

 Requirements for a Fully Semantic Tolerance
Definition

e Basic Understanding of Model-Based Product
Tolerance Technology

 Promote a Fully Semantic Representation and
Exchange of Tolerance Definitions

 Representation vs Presentation (Annotation)
« FBTol

» Tolerance Related Standards
« ASME Y14.X
e |SO 13030 STEP AP203e2
e |SO 13030 STEP AP242

e Process Related Standards
e |SO 13030 STEP AP238
« DMSC's QIF - QMP

We make products for national security.
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Overview

e Status of Complete & Unambiguous Product Modeling

 Requirements for a Fully Semantic Tolerance
Definition

e Basic Understanding of Model-Based Product
Tolerance Technology

« Promote a Fully Semantic Representation and
Exchange of Tolerance Definitions

« Demonstrate a Product Tolerance Application and
Rapid Metrology Generation Application (optional)

We make products for national security.
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Overview

e Status of Complete & Unambiguous Product Modeling

 Requirements for a Fully Semantic Tolerance
Definition

 Basic Understanding of Model-Based Product
Tolerance Technology

« Promote a Fully Semantic Representation and
Exchange of Tolerance Definitions

e Demonstrate a Product Tolerance Application and
Rapid Metrology Generation Application (optional)

* Investigate Opportunities to Progress the Realization
of Investments Promised by Model-Based Enterprise.

We make products for national security.



|GD Concept to Design to
@ Functiongl Part

We make products for national security.
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aaaaaa Regrettably

“Nobody can build perfect parts....

but we can build parts that fit and
function,

by applying and communicating

functional product tolerance
Information.”

We make products for national security.



IC% Concept to Design to ‘

FuncﬂongIPaH

15,
A ot
%ED:D< g

A eal
=

We make products for national security.



¢~

Cost of a Design Error

Kansas City Plant
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We make products for national security.



|GD Tolerance Checking

Kansas City Plant
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We make products for national security.
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Product Definition
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3-D Wireframe

Solid Modeling Surface
Modeling

We make products for national security.
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INCOMPLETE AND AMBIGUOUS PRODUCT DEFINITION

IC32  Current Product Defi
Challenges

Complete & Unambiguous
Shape Definition

Incomplete & Ambiguous
Non-Shape Attributes
(e.g., Tolerances, General Property Attributes)

We make products for national security.



1< Current Product Definition ‘

Kansa City Plnt Challenges

INCOMPLETE PRODUCT DATA EXCHANGE

Product Definition A Product Definition B

Product Data
Exchange
(STEP AP203)

We make products for national security.



<3  Current Product Definition ‘

Challenges

Augment Product Tolerance Information for Downstream Applications

Kansas City Plant

Toleranced Solid Model

Augment
. Tolerance '
A Definition

' Other Applications
CMM ‘

7 ’ » Tolerance Analysis
Part iy/4 « Assembly Analysis
Program | « Process Planning
Generation Manufacturing
Measurement
 Measurement Results
Analysis

We make products for national security.
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IC So What's the Problem?

Current electronic product definition systems represent
and/or exchange only a segment of the required
product’s design completely and unambiguously.

NEED: Fully Semantic, Complete,
Unambiguous & Correct Tolerance

Definition, NOT just Annotations!

We make products for national security.



IG—D Product Mh‘
Tolerances

“It is the representation,
not the presentation.”

“One can create the presentation
(e.g., ASME Y14.41)

from a validated representation.”

We make products for national security.
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I ISO 2768-1

“The Designer’s Challenge”

“Tolerancing ... should be complete to ensure
that all aspects of a feature are controlled.
Nothing shall be implied or left to judgement
In the workshop or in the inspection
department”

We make products for national security.



<32 Model-Based Tolerance

Kansas City Plant

e Augment a Solid Shape w/ Product Tolerances

Requirements

 Implement the Notion of Tolerance Features
(collection of one or more topological face entities)

* Fully Semantically Represent Tolerances

Dimensional / Coordinate Tolerances (e.g., Size, Distances, Angles)
Geometric Tolerances (e.g., Position, Profiles, Flatness, Perpendicularity)
Surface Textures

Specifications (e.g., Thread Specs., Welding)

General Property Attributes (e.g., Notes, Markings, Cosmetics)
Criticality Designation

* Designate Functionally Important Tolerance Features
as Functional Datum Features

e Build Datum Reference Frames from Datum Features
e Assign DRFs to Appropriate Tolerances

We make products for national security.



<32 Model-Based Tolerance

Kansas City Plant ReqUirem entS

 Purposely Associate Tolerances to Appropriate
Tolerance Feature(s)

 Recognize Tolerance Features (Auto, Interactive)

* Infer Correct Tolerances Automatically

* Per ANSIY14.5
e Per Company Standards

e Check, Validate, & Score Piece-Part’s Functional
Tolerance Definition

 Publish Application Programmers Interface Suite

e Extend Tolerance Analysis
* Integrate with Existing Applications
e Support Downstream Applications (e.g., Measurement)

 Exchange Tolerance Definition to other Product
Definitions we make products for national security.



IGDI\/Iechanic:aI Model-Based Progressiol

I{ansas l‘.‘lty Plant

Nominal Modeling Functional (PMI) Modellng

FBTol progresses Annotation like Solid Modeling progressed Wireframes
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Kansas City Plant

a Component Technology for
Fully Semantic Product Modeling.

(&1 0 1o@ALC[E]

D Toleranced Product Model

[ENABLED]tm

Augmenting Solid Model Shapes With Complete and Unambiguous

Part Tolerances and Other Non-shape Attributes (i.e., Virtual Drawing)




IC Multiple Perspm.
Shape Features

We make products for national security.



IC—  Multiple Perspective of

Shape Features
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A Tolerance Feature
Taxonomy fom reto

Radial Segment

Bi-Tolerance

Revolute
Feature of Size
Tolerance Planar Face
Feature
Complex
Compound
Composite

Conical

Cylindrical

Conical

Spherical

L

il

Cylindrical

Toroidal )
Insert/Pin

Threaded

Radial

Spherical

Axial I
Planar I
Axial

Planar

Parallel

Simple Pattern

e

Oppo Sym
Profile Group I ooy

Runout Group I
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wssaweane  Datum Reference Frame

A datum reference frame is defined by three
mutual perpendicular datum planes.

/~ Axis
Datum Plane — z /

“— Datum Plane

We make products for national security.



|G) Datum Reference Frames

Kansas City Plant
from FBTol

* Presented withigaiGgomegrit Folerance Feature

Control Frame
e Defined by One, Two, or Three Datum Features
 Defines Explicit Mathematical Coordinate System
e Constructed from Left to Right Order of Precedence

We make products for national security.



|GD Datum Reference Frame

Kansas City Plant
from FBTol

I 2=
* Classified per DR igtungrengure(s)

Class (e.g., planar, axial, full)

 Precedence within DRF

e Geometric Relationship with other Datum Features
e Simple and Compound Datum Features

e Extends ASME Y14.5.1M-1994 - DRFs

e Accommodates Compound Datum Features (e.g., S-T)
 Introduces Part Master DRF Concept

We make products for national security.



A Tolerance Tax

from FBTol

Tolerance

Dimensional

Chamfer

Coordinate I

Thread Spec

Geometric I<

Edge

Radial

Linear Pair

Linear Angle

Single

Form

Surface Finish

Profile

Position

| Composite é

Dual Extremity

onom
Paired

onDirected

Adjoining

Centered

Tapered I

Location

Profile

N Linear

Position

Concentricity

Symmetry

Multi
w/DRF

Orientation
Cylindtricity

Flatness

Circularity

Straightness

Angle

Linear

Circular

Angularity

Parallelism

Perpendicularity

Sphericity
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sssss =t General Property Attribute

 Notes

e Specifications
o Cosmetic

e Markings

e Assign to any entity.

We make products for national security.



- Recognize

Kansas City Plant TOIerance Features

Recognize Simple Tolerance Features

Feature Types

[v Radial Segment Tolerance Features
[+ Cylindrical Fadial Segment Tolerance Features
[v Spherical Radial Segment Tolerance Features
[v Conical Badial Segrment Tolerance Features
[+ Torioidal Radial Segment Tolerance Features

[v Cylindrical Taolerance Features

Intermal
{* Cylindrical Hole Talerance Features

" Inzert Tolerance Features
" Internal Threaded Tolerance Features

Extermal
* Cylindrical Bozs Talerance Features

" Pin Tolerance Features
(" Euternal Threaded Tolerance Features

[v Spherical Tolerance Features

[+ Conical Tolerance Features

4 [v Opposite Symmetric Plane Tolerance Features
[w Slot [Internal] Tolerance Features

[v Tab/Block [External] Tolerance Features

v PFlanar Tolerance Features
[v Complex Surface Tolerance Features [splines)
[v Swept Tolerance Features
[v Revolute Swept Tolerance Features [zpun]
[ Linear Swept Tolerance Features [swept)

o/

Recognition Modalz

[v &zsign Muliple Equivalent Faces to a Tolerance Feature

] | Crefault | Clzar | Cancel |

We make products for national security.



- Infer Correct

Product Tolerances

D24.0 +/-0.2
4 |B0100]alBlC]

0.025

Automated Tolerancing

Set Auto Default Tolerance Values
v Angle Tolerance Anale Value |-|7 deg
v Form Tolerance Faorm Yalue IF mm
v Linear Tolerance Linear Yalues |EI.25 |-EI.25 il
v Orientation Tolerance Orientation ' alue IF i
v Paszitional Tolerance Pazition Y alue 025 i
v Profile Tolerance Prafile Walue IF i 2 |a e Jc |
W Fadial Tolerance Radial Values 0.3 |-0.3 mm
v Runout Tolerance Runout W alue IF iy
Q% v Size Tolerance Size Values |EI.25 |-EI.25 iy
a v Surface Finish Surface Finizh Value |327 [0
[~ -
Density Form Clazs

Thread Specs |32 ﬂ |L|N|:

=

0k Drefault Clear | Cancel |

We make products for national security.
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Kansas City Plant

Check / Score
Tolerance Definition

Document Spelling & Grammar

7 Microsoft Word
File Edit View Insert Format Tools Table Window Hslp
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Bt S = N
Harmal = Times New Ron Languags = | O-#-A -
- Ward Count... £
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(] AutoCorrect, .,
Lif Look Up Reference...
Track Changes »
] Merge Documents. .,

Protect Document. ..

Message:

Mail Merge...
=] Envelopes and Labels. ..
q Letter wigard...
Thave-some-gxcitnnew
company-with-Hone
buildings,-home -ing

ernplates and Add-Ins...

bositions-acress-as
are-less-affected-by

= It-will-be-called-Honeywell -taking:
Pne. - This-was-a- difficult-decision -but,-as-
Vell-established-with-thepublic - Of-course, we
fve like-Tram, -Prestone,-Autolite -Bendirand-

E-ctrengths-to-this-merpger, -we-share-a-commitment-to-
,-contimious-improvement-and-bottom-line -results. - We-have-
Chcts-and-c-apabilities, -but-with-few-areas- of genuine-overlap

L-am-personalggrcite d-about-the-opportunty-to-help-lead-this-promsmng-new-company. - Twill-
becotme-Chairman-and-wrarotk-cclosely-with-Honeywell s-Michael Bonsisnore -who-will-

become-CEQ - Onee-T-retire- on-April- 1-2000, - Mike -will- add-the-title - of- Chairman. --He-has-

great-values-and-is-a-proven-CEO-who I ve-found-to-be-honest-and-straightforward. - He-has-an-

intense-nterestin-the-success-ofthis-company,-and+s-an-ezcellent-choice-to-lead-our-company-
to-arbright-new-fiture |

1

Fred-Poses-has-indicated-his-intention-to-retire-before-the-end-of-the-year. - Fred-has-been-an-
integral-part-of-the-success-of- AliedSignal-for-almost-30-ye ars. - We-can't-thank -him-enough-for-
the'many-cutstanding-contributiens-he-has-made. --His-primary-responsibility-will- be-to-ensure-
mat-we-remm-mmggw%i-an-al:hlavmg-our-geals-and-sahsf‘ymg-Eusliomers-um]l-@-merger-ls-
complete T

Page 1 Sec 1 11 [at 76" In Col 67

FBTol Tolerance Definition

Vinw - sipkay102 2ot 1

i Tolerance Feature Window
L T

D efirition
ce Features

{r Planar-10
{ Planar11
QL' Front: B

{ Planai12
< Planai14
{p Planar15
E1-23 Datum Reference Frames

17, DRF-2BC

I oRFa

=24 Tolerances

@ FBTolnferedSize +/- 0
4 FETollnferedPos 0,014
" FBTallnferedddiRad +/

urn Reference Frames
¥ DFF ¢ Datum Feature Check
Tolerances
¥ Talerance / Feature Check
¥ Tolerance Values

Tolz [only]

d MonDirected Tols

4+l FBTollrferedLingar +/- 1
4 FBTollnferedLingar +/- 0T Lol wit Cen
4+ FBTollnferedLinear +/- 0.070 w/ Frankt: w.r.k. Front
& FBTolinferedFlat 0.010
L FBTolnferedPerp 0.010 w/DRF-A; wert. DRF-&
«{_]] General Property Attributes

We make products for national security.




¢+ Tolerance Definition Revie
Kansas City Plant AM B E R2

Edit ‘view Insert Tools Tolworks FeatureWworks Window Help
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| 7 Planar-13
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| < Planar-15
| < Planar- 16
| < Planar-17
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| < Planar-19
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i | F TabsBot
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#-| € 0.125rInnTorRadSegment-02
#-| € 0.125rInnTorRadSegment-03
#-| € 1.000rInnTorRadSegment-04
#-| € 1.000rInnTorRadSegment-06
w1 T 104.000d0uterDiam-07

5N 2625 InnCyIRadSegment-09
5N 2625 InnCyIRadSegment-10
#-| & 3.000rInMTorRadSegment-05
#5000 InnCyIRadSegment-01
H-f o 5.000rNnCyRadSegment-02

FBTol Advisor GUI

Tolerance Definiion Check refurms with an FETol Score of 87,0,

&% A0

=
— @O b

B >||=m

Emagd Ea|

I

| |Editing Part

We make products for national security.



|p Tolerance Definition Issues

Kansas cit Plat AMBER?

1 tolerance with incomplete data
18 features not fully located

7 features with no orientation
constraints

2 features with no form constraints

TolFeats.
13 TolFeats.
O YELLOW TolFeats.

4 TolFeats. E
49 TolFeats.

ENABLED

We make products for national security.




<32 FBTol Check Score 84.1/10
Kansas City Plant M erx]_

P Part View - Merat lssueliT,x_1:1

013632 UNC 20 THRU
@12 .0..0[ A O] O

Suggested Tolerance Definition

We make products for national security.
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Kansas City Plant

FBTol Check Result Level Summary:

4 RED check result level TolFeats.

0 ORANGE check result level TolFeats.

0 YELLOW check result level TolFeats.

7 BLUE check result level TolFeats.

10 GREEN check result level TolFeats.

0 DK GREEN GRAY suppressed TolFeats.
0 LT GRAY Faces without TolFeats.

TolDef has
TolDef has
TolDef has
TolDef has
TolDef has
TolDef has
TolDef has

FBT CHECK Detail: 15 issues have been identified resulting in an FBTCheck Scor®
FBTCheck Results Begin:
Tolerance Feature:
Tolerance Feature:
Tolerance Feature:
Tolerance Feature:
Tolerance Feature:
Tolerance Feature:
Tolerance Feature:
Tolerance Feature:
Tolerance Feature:
Tolerance Feature:
Tolerance Feature:
Tolerance Feature:
Tolerance Feature:
Tolerance Feature:
Tolerance Feature:

FBTol Check Score: 86.9
Lifting Plate

ENABLED

10.0dIntThread-02 has FBTol Check result: TolFeat is located by a tolerance w.r.t. &
14.1wSlot-01 has FBTol Check result: TolFeat is located by a tolerance w.r.t. a non fu
14.1wSlot-02 has FBTol Check result: TolFeat is located by a tolerance w.r.t. a non fully
205.0rOutCylRadSegment-03 has FBTol Check result: TolFeat is located by a tolerance w.
26.0dInnerDiam-01 has FBTol Check result: TolFeat is located by a tolerance w.r.t. a non full
7.1rinnCylRadSegment-01 has FBTol Check result: TolFeat is located by a tolerance w.r.t. a no
7.1rinnCylRadSegment-02 has FBTol Check result: TolFeat is located by a tolerance w.r.t. a non f
Planar-05 has FBTol Check result: tolerance feature is not fully located.

Planar-09 has FBTol Check result: tolerance feature is not fully located.

10.0dIntThread-01 has FBTol Check result: tolerance feature is not fully located.
26.0dInnerDiam-02 has FBTol Check result: tolerance feature is not fully located.

Planar-05 has FBTol Check result: no orientation constraint tolerance.

Planar-09 has FBTol Check result: no orientation constraint tolerance.

10.0dIntThread-01 has FBTol Check result: no size constraint tolerance.

26.0dInnerDiam-02 has FBTol Check result: no size constraint tolerance.

EMiceie o ceee

o~ R S LR . LR = S S S
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Shape Issues Found

Tolerance Definition Issues

89.87/100 FBTol'Score

69 Issues ldentified
3 faces|/with- not assigned to features

3 radial segment features w/ tolerances but not
located

14 threaded features not located

24 features with possible over-constraint condition
4 radial segment features w/ no tolerance(s)
I-feature-location only applicable in 9900000
‘5 planar features not fully located w.r.t. axials
4 planar features not located

Yy _ 9

\
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lC FBTools

,,,,, Design
=  w/FBTol

Fp TS /an

Solid Modeler

N Verify
FBMeas

FBTol enables downstream applications.

We make products for national security. 54
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“rApplication Programmers Interface

 Direct Interfaces

* API Interfaces
/I api_fbt new tol def
I/l api_fbt create tol feat
/I api_fbt attach face to tol feat
I/l api_fbt get tolerances_of tol feat
/I api_fbt _check tol ent
/I api_fbt _get _gen props_of tol ent
/I api_fbt create tolerance
// api_fbt attach_tolerance to tol feat
I/l api_fbt detach_tolerance from_tol feat
I/l api_fbt get tol feats of tolerance
/I api_fbt_show tolerance
/I api_fbt _get_tol value
/[ api_fbt _get or_construct_datum
// api_fbt construct_drf
/[ api_fbt create gen_prop_attrib

We make products for national security.
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Kansas City Plant FBTOI at the KCP
FBTol™ Technology Deployed as:

FBTol™ Advisor standalone, with ACIS & Parasolid solid modelers
Module inside of FBMeas™ Advisor

Reviewed over 175 Production Model / Drawings
Average FBTol score 81.9/100
Average 19.0 issues per analysis

Example: Launch Accelerometer Assembl
FBTol Analyzed 23 Parts in this Assembly

21 parts contained a total of 289 issues
All 52 suggestions where accepted

Modeling Problems Uncovered
Customers more Receptive of Design Input
Considered Best Practice for new Product Programs

We make products for national security.



IGD FBTol Benefits

Kansas City Plant

e Product Modeling
* Defines the next generation of product definition

* Tolerance Definition
e Creates and represents fully semantic 3D functional tolerances

* Feature Recognition
* Recognizes tolerance features automatically

 Tolerance Inference
* Infers correct tolerances automatically

 Product Design Validation
* Checks and grades piece part tolerance representations

* Semantics for Display of Annotations
* Provides basis for graphical annotations

e Model-Base Applications
* Provides explicit tolerance data for downstream applications

 Tolerance Data Exchange
* Generates and / or validates complete and unambiguous exchange
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IC FBTol - Tactics & Strategies

Max - Min Material Part
Create maximum and least material part from FBTol tolerances

Automated Drawing
Generate drawings from validated FBTol tolerance definition

CAD System Augmentation

Enable CAD systems / applications with smart 3D tolerances

Tolerance Data Exchange
Exchange of tolerance data from system to system (AP203e2, AP242)

Feature-Based Measurement Planning

Use FBTol for model-based measurement planning and auto
generation of CMM measurement part programs

We make products for national security.



1C-

wmavese DIMENSional Metrology

Enterprise
Product Process Process Results
Definition Definition Execution Analysis
e D
Measure — -
Part M?Dfil;zre Plans & Measurement i =
TOleranceaGeometr}/\ ) Frogram fl\/leasurew Results  f Reportingl =
olid MOdeJF“”C“O”a'(Measure\ LEXGCEJUOI‘]J (& Analysis |- =
= Tolerances i {
STEP / CMM control |
— | APZOBeZW commands
= | =GN  ond responses |
Coordinate | % - Quality
Measuring Device ;'*"6
Machines Integration _\__.

(CMMs)

=@

We make products for national security.



IGD Coordinate Measurement
Cost Budget

Largest Cost Factor:
CMM Part Programming

| Part Program Generation
B Measurement Set-Up
Measurement
Reporting & Analysis

We make products for national security.
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National Security Asset

Feature-Based Measuring "

a Component Technology for
Measurement Process Planning & Part Program Generation

ENABLED™

Transforms Product Requirements (Functional Tolerances) into a

Measurement Action Plan that Produces a Viable ISO Standards-Based
Dimensional Metrology Part Program

We make products for national security.



Ichequirements for Next Generationa .

Kansas City Plant
Measurement Process Planner
Automation:
 Full Semantic Representation of Tolerances
« Measure Feature Recognition
 Part Coordinate System Recognition
e Measurand Determination
e Measure Point Generation
« DME Resource Selection
e Sensor Accessibility Analysis
 Workpiece Placement
e Sensor Selection & Orientation
e Measurement Plan Inference
e Measurement Plan Centric
* Inter & Intra Feature Clearance Moves
« Measurement Part Program Output (ISO DMIS)

We make products for national security.




|GD Feature-Based Measuring

Kansas City Plant

Solid Modeler Kernel (Parasolid, ACIS)
Feature-Based Tolerancing (FBTol) Advisor

Feature-Based Measuring (FBMeas) Advisor

 From Tolerances, Auto Recognize Measure
Features, Part Coordinate Systems,
Measurands

 Distribution PtMeas

 Determine Resources (Sensors, CMMSs)
 Generate CMM Measure Plan

e Output ISO DMIS Part Program

We make products for national security.
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Demonstration

From a Solid Model ....
to a Full-Semantic Toleranced Solid Model
to a Validated Tolerance Definition
to a Measurement Process Plan
to a CMM Part Program

A

...Model to Plan to Program in 10 Minutes

We make products for national security.
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File  Edit

Tol Defn Tol Feat

Fly-By Demonstration

DRF  Tolerance Gen Prop Attrib - Wiews  Window  Help

D&

P part View - ALiftingPlateD2T.x_t:1

|3 26.000dInnerDiam-Rat
F0% 7.067rInnCyIRadsgrmnt-LFt
FO% 7.067rInnCyIRadsgrnt-Rat
{<JF Battom

| ¥ CBoreBut-LF:

[ ¥ CBoreBot-Rat

F<JF Front

EQ]? FrontLeftangle

E(]]; FrontRight&ngle

F Left

- |_] Datum Reference Frames

=2 Tolerances

¢/, DirBng 46-44: w.r.t, Front

| Dirlin 16,20-15.80: w.r.t, Top
&+ Dirlin 200.5-199.5: w.r.t, Right
| Dirlin 3.0-2.00 var b, Top

-+ DirLin 6-4: w.r.t, Front

-+ Dirlin 65.5-64.5: w.r.t, Back
7 Flatn.2

L Perp0.2wh: w.r.t. DRF-&

L Perp0.2wAE: w.r.t. DRF-A|B
=4 PoslL2ZwABC: w.r.t, DRF-ABIC
B- a Toleranc Features

i

----- %E 14.135mlok-Rat
4 Pos0.45wABC: w.r.k, DRF-AB|C
4 Pos0.9wWAEC: w.r.t, DRF-A|B[C

B Miox1.5-6H
@
@
&
G

Size 26.5-25.5
SurfProfD, SwaBC: wr b, DRF-4|B|C
=23 General Property Attributes

[ Mote 1

[+
[+
[+
[+ Size 14,27-14.00
[+
[+

i

For Help, press F1

[ om 4

We make products for national security.
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Kansas City

[ = 1| Py
§ FBMeasGui - Schemel
File Edit View Window | Help

=10

[Desesmmjae|| asaaaacri||svjees|| oo sle| BB n&| v —ear

[zeveal|oaaass g am

I

|JJ ¢@Mwﬂafﬁ?%«“€‘/|ﬂ$©e|ﬂ = 4 L

[oclj=e

B m] 4| | L part View - Sqrkey
-3 Tolerance Definition

{2 Tolerance Features

&5 Datum Reference Frames

E-23 Tolerances

H--7 Flat0,0z

H- 3 Cylo.n2s

H- @ Size +/- 0.2

H- 4+ PosD, 10sAEC: w.r.t, DRF-ABC
H- 4+ PosD,25ma0mE: w.r.t, DRF-40
#-- & SurfProf0. 258BC: w.r.t. DRF-A
#-- L Perp0.10A: w.r.t. DRF-A

#-- L Perp0.15E: w.r.t. DRF-B

£+ MonDirLin +)- 0.25

-+#| MonDirLin+0.25-0.50

H-++ MonDirLin+f- 0.5

15 AdjRad2. 5Max

7% MonDirAng-+- 1

-] DirLin-0.25: w.r.t. Fronk
e Dirlin+1.0-0.5: w.r.t. Top

----- |3 General Property Attributes

F 0 0 W O O O 0 B B e O O e e

< |

=101 x|

HEASURE FEATURE Description Started for:
Hame: FrontH Type: FlnHF
FEATURE ELEMENTS:

Topology:
Face: Face-21 Twvpe: FPlanar
GECHETRY :

Location: =:150.000000 +:100.000000 =:7.500000
Hormal: i:0.000000 j:-1.000000 k:0.000000
Surface Area: 2342 500000
Uzed to help measzure Tolerance Feature: Front Type:
TOLERANCES:
Heasure Feature is controlled by 3 tolerances.
Size Tolerance(=): none

Iocating Tolerance(=s): none
F R R S

gISEhEITIE Window - Scheme1

=] 3]

Fln

L]

El

=101 x|

=44 Measuring Definition

Ea Measure Features
¥ z.5roukCyiRadsegment-01M
& £.0dHole-01M

Bg 5. 0wslat-02M

B keyshaftEndm

Kb Botbomm : &

Q{» KeyShaftangler

Q{» KewShaftTopM

b BobzEnkProfGrouph
B Bote. 0dHolesM

+ a TopM

B Botsiath

=] EQ} FrantM : B

{21 Elements

D Daktumn Reference Frames
[ Tolerances

Ea Measure Task Group

=]

:I'"EIQ& BackM
+-E Rightm
:I'"EIQtr KeyShaftBackmM
oK Leftr
T ] 3EntProfileGroup-01MFace?
7B 2EntProfieGroup-01MFace1n
=P 3EntProfileGroup-01MFacet 1
E-F Part Coordinate Systems
717 PCS-ABC
1% PCs-a0E
=423 Sensor Definitions

7T Fixedot
T Fixedoz
Fixedd3
&, PHIOM
-8, PH1OMStar
=23 Machine Definitions
B ome-n1
(=123 Measuring Plan

Bl Measuring Plans 1
125 Operation-1

D Point Measures

- F-F-F

=l

= t@ General Measure Task - 1
R ll; Coord Metralogy Method

L [

We make products for national security.
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Kansas City ge=mr

FBMeasGui - Schemel
Flle Edit Wiew Window Help

|[pzajsmejze| saaaactiE||[Eoeed|| oocogeoo||Ee||BEgEamal cs= -coF
[spwvalloasrsgredanadgs 7zl sreanrmgray|ee=|] =/ L] ~=|] ==
= BRT=TE] [E= e —i0ix]

143 Tolerance Definition
123 Tolerance Features
C‘t 2,5r0utCyIRadSegment-0;

easuring Definition
I Measure Features
128§ 2.5routCyIRadseament-01M

-

|»

i 6.0dHole-01 +- 285 6. 0dHole-01M

T 6.0dHole-02 +- 285 6. 0dHole-02M

¥ 24.0dHole-03 : D +- 25 24.0dH0le-03M : D

B 0. 0wslot-02 -2 8. 0wslot-0zM

i KeyshaftEnd H- B KeyShaFtEndM
Eottom ; &

7B BottomM : &
]---EQD KeyShaftangler
]---EQD KewShaftToph
-2 Bot3EntProfGrouph
- B Bote.0dHolesM

Qﬁ' Keyshaftangle
Qﬁ' KeyshaftTop

Qﬁ' Bok3EntProfiGroup
Ji¥ Bots.0dHoles

¥ Top - B Topm
¥ Botsiot - B Botslath
¥ Front ¢ B B, Franth : B
i Back v Elements
fo Right: {27 Datumn Reference Frames
¥ KeyshaftBack -0 Tolerances
Left 1 C :

=423 Measure Task Group
Bl 18 General Measure Task - 1
=-F 44 Coord Metralogy Methad
Ea Point Measures

&€ PtMeas: 102,000, 100,000, 33.000
&€ PtMeas: 133.167, 100,000, 33.000
&€ PtMeas: 102,000, 100,000, 22,667
&€ PtMeas: 133.167, 100,000, 22,667
&€ PtMeas: 102,000, 100,000, 12,333
&€ PtMeas: 133.167, 100,000, 12,333
&€ PtMeas: 164,333, 100,000, 12,333
&£ PtMeas: 195,500, 100,000, 12,333
&€ PtMeas: 102,000, 100,000, 2,000
&f PtMeas: 133,167, 100,000, 2,000
&f PtMeas: 164,333, 100,000, 2,000
&f PtMeas: 195,500, 100,000, 2,000

ﬂ 3EntProfileGroup-01
Daturm Reference Frames
17 orF-aBc

Tolerances
Flat0.02

Size +/- 0.2 —
4 Pos0.10sABC: w.r.t. DRF-AI

:I'"EIQtr KeyShaftBackm
- By Leftm ; ¢
;I 7o 3EntProfileGroup-01MFace?

Measure Method Description Started for: DHE Measurement Method: Coord Hetrology Hethod

=] "
Sensor Tip:ITip0101 Type:Spherical with Diameter:2.000 :I"'eq' SEntProfileGroup-01MFace10
Master Sensor of Sensor Config: PHI10M at Tilt Angle:0.00 and Rot Angle:90.00 - Qf'3El‘ltPfUﬁ|EGFUUD'U1MF6E311
Aszsigned to DHE Method:Coord Hetrology Method Iy Part Coordinate Systems
Sen=zor Tip:ITip0101 Type:Spherical with Diameter:2.000 ﬂk» PCS-ABC
Master Sensor of Sensor Config: PHI10M at Tilt Angle:0.00 and Rot Angle:90.00 £ pes-ADB b
A=signed to DHE Method:Coord Hetrology Method
Foint Measures: J [ Sensor Definitions
PtMeas— 1: =:100.500, %:100.000, =: 34.500, i:0.000, j:=1.000, k:0.000 i-'T Fixedol
Sensor Tip: IT1leDl with Semsor Conflg PH10M at Tilt Angle 0.00 and Rot Angle:90.00 7T Fixednz
PtMea=— 2: =:132 . 667, w:100.000, =: 500, i:0.000, 3j:-1.000. k:0.000 ]T [ —
Sen=or Tip:ITip0101 with Sensor Canlg PH10M at Tilt Angle:0.00 and Rot Angle:90.00
PtMea=s— 3: =:100.500, %:100.000, =: 23.167, 1i:0.000, 5:-17000, k:0.000 78, PHioM h
Sen=or Tip:ITip0101 with Sen=or Config:PH10M at Tilt Angle:0 00 and REot Angle:90 00 LI LI_ | » Y
For Help, press F1 I [ [ [ 4

We make products for national security.



1C—~

Kansas City Plant

FBMeasGui

File  Edit

qrkey102aTM

View Measure Definition  PCS  Measure Resources

Plan Definition  Tools  window  Help

=

|[o=areelsr||saaaacsi||evees|| oasaaaa| se|Beedmal cr- - c0F

[zwva]lonsneageodan

Ble [ 0 Dl ed & 6 ie v 0| & a=]] =

i

-

=laix|

=

=R

3

[=-4=3 Talerance Definition

=
Tolerance Features

Cﬁ 2.5r0utCyIRadSegment-0;
I &.ndHole-01

I &.0oHole-0z

3 24.00Hole-03 : 0

B 5. Dt -z

Qﬁ KeyShaftEnd

<[[§ Bottom : &

<[[§ KewShaftangle

<[[§ KeyShaftTop

I Bot3EnkProfGroup

[ Bote. DdHoles

JFf KeyshaftBack

JF Left: C

FH SEntProfileGroup-01
Datumn Reference Frames

1 orF-aEC

14" DRF-ADME

1* oRF-a

1* orF-B

Tolerances

= Flat0.0z

A cyinozs

@ Size +j-0.2

4 Pos0.10sABC: w.r.t, DRF-A1
4 Pasl,25mADME: w.r.t, DRF-
= SurfProfd, 254BC: w.r.t, DR
L Perp0.104: w.r.t. DRF-A
L Perp0.15E: w.r.t. DRF-B
| MonDirLin +{- 0,25

| »

_loix]

Heaszuring Hachine Description Started for Hame
De=cription: DHE-D01
Length Unit: mm
Sensor Mount Transformation MHatriz:
I J ¥ ORIG——
E-dmis: 1.0000 0.o000 o.ooo0 12 7000
V-hmis: 0.o00n0 —1.0000 o.ooo0 1z.7000
Z-Amis: 0.o000 0.o000 —1.0000 10.0000
: 0.o000 0.o000 o.ooo0 1.0000
Heazuring Volume X: 0.000 to 425,000
¥ 0.000 to 400.000
Z: 0.000 to 350.000

Kl |

[
i 1Ol x|

n Tree Wi

o B Botslokr
=] EQ} FrontM : B
[0 Elements
{1 Datum Reference Frames
[0 Tolerances
=423 Measure Task Group

B t@ General Measure Task - 1
=-F ll; Coord Metralogy Methad

Ea Point Measures
: sz PtMeas:
sz PtMeas:
Jaf PtMeas:
Jaf PtMeas:
Jaf PtMeas:
Jaf PtMeas:
Jaf PtMeas:
Jaf PtMeas:
Jaf PtMeas:
I Prieas:
I Prieas:
& Prieas:

102,000, 100,000,
133,167, 100,000,
102,000, 100,000,
133,167, 100,000,
102,000, 100,000,
133,167, 100,000, :
164,333, 100,000, :
195,500, 100,000, :
102,000, 100,000,
133,167, 100,000,
164,333, 100,000,
195,500, 100,000,

-2 Backm
-2 Rightm
[]---EQD KeyshaftBackm
-2 Leftm : C
w-240 3EntProfileGroup-01MFace?
-2y 3ENtProfileGroup-D1MFace10
-2 3ENtProfileGroup-D1MFace11
=23 Part Coordinate Systems

PCS-BBC

17, pos-anE
=424 Sensor Definitions
Fixed01
Fixedd2
Fixedd3

& pHioM

‘ & 1mipo101
-8, PHiOMStar
ITip0201 :
ITip0202 :
ITipD203 :

E— PH10M
PH10MSkEar
PH10MSkEar
PH10MSkEar
ITip0204 : PH10MSkar
ITip0205 : PH10MSkar
=423 Machine Definitions
D
Ea Measuring Flan

=] Measuring Plans 1
{35 Dperation-1

NA

4

C o

Y

We make products for national security.




IG—D Working with the KCP .

Partnering Mechanisms:

 Work for Others (WFO) Contract services from the
KCP as cost recovery only.

 Cooperative Research & Development Agreement
(CRADA) KCP and partner collaborate in creating
new Intellectual Property

e Licensing KCP Intellectual Property for the
purpose of maturation and commercialization of
KCP technologies.

Way Forward:

 Progress Shared Agendas — Mandates NNSA (KCP)

invented technology be transferred to the benefit of the US
economy and/or US industry.

We make products for national security.




IC Summary

Kansas City Plant

* Feature-Based Tolerancing
= Manages the complexity of ASME Y14.5 GD&T of piece parts.
= Represents and checks part designs per standards.
= Enables next generation (smarter) automation.

= Could be integrated into a leading CAD system with the appropriate
partnering.

* Feature-Based Measuring

= Manages the complexity of rapidly generating valid CMM part
program to dimensionally certify products.

= Demonstrates a next generation manufacturing application from
toleranced enable solid models

= Functional prototype that could be extended/enhanced with
partners.

= Partnering
= Collaborate a common agenda
= Progress your agenda

We make products for national security. 0
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Kansas City Plant

Questions?

Curtis W. Brown, P.E.
Principal Mechanical Engineer
Kansas City Plant
816-997-3548 e« cbrown@kcp.doe.com

We make products for national security. 1
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