
We make products for national security. 1 

Kansas City Plant 
DOE/NNSA 

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 

Curtis W. Brown, P.E. 
Principal Mechanical Engineer 

 
MBE/TDP Summit 
12 December 2011 

The Kansas City Plant is Operated for the 
United States Department of Energy under 

Contract No. DE-NA0000622 



We make products for national security. 

Why Men Do Not Live as Long as 
Women? 

Your Safety Tip(s) for Today 
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Standing on a bucket on TOP of a 
ladder, brilliant 
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Ummm? At least someone’s holding 
the ladder steady 
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Wonder what HE makes an hour? It 
can’t be enough. 
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Oh yeah, THAT’s safe! 
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No problem, I can see through the 
holes. 
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It starts at a young age and just gets 
worse. 
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You hold it while I whack it with this 
hammer. 
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A new OSHA approved substitute for 
ladders 
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Ropes are for sissies 



We make products for national security. 

Now, I wanna know why? 
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Who is the 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) 
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Agenda 
Fully Semantic Tolerance Definition (PMI) 

• Understanding 
• Critical Requirements 
• Enablers to Manage Complexity 

• Feature-Based Tolerancing (FBTol) Brief 
• Feature-Based Measuring (FBMeas) Brief 
• Optional Demonstration (via .wmv video)  

• Progress PMI Agenda (Way Forward) 
• Collaboration 
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Overview 
• 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. 
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Overview 
• Status of Complete & Unambiguous Product Modeling 
• Requirements for a Fully Semantic Tolerance 

Definition 
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Overview 
• Status of Complete & Unambiguous Product Modeling 
• Requirements for a Fully Semantic Tolerance 

Definition 
• Basic Understanding of Model-Based Product 

Tolerance Technology 
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Overview 
• 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 
• Representation vs Presentation (Annotation) 

• FBTol 
• Tolerance Related Standards 

• ASME Y14.X 
• ISO 13030 STEP AP203e2 
• ISO 13030 STEP AP242 

• Process Related Standards 
• ISO 13030 STEP AP238 
• DMSC’s QIF -  QMP 
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Overview 
• 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 
• Demonstrate a Product Tolerance Application and 

Rapid Metrology Generation Application (optional) 
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Overview 
• 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 
• 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. 

Concept to Design to  
Functional Part 
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“Nobody can build perfect parts….  

but we can build parts that fit and 
function, 

 

by applying and communicating 
 functional product tolerance 

information.” 

Regrettably 
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Concept to Design to  
Functional Part 
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Cost of a Design Error 

WHEN DISCOVERED BY THE ... 

DESIGN 
DEPT. 

MODEL 
SHOP 

PRODUCTION 
GROUP 

Manuf. Assembly Insp. 

CUSTOMER 
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Solid Modeling 
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Product Definition 
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Solid Model 

CMM 
Part 

Program 
Generation 

NC Toolpath Generation 
Other Applications 
• Tolerance Analysis 
• Assembly Analysis 
• Process Planning 

• Manufacturing 
• Measurement 

• Measurement Results 
 Analysis 

Augment Product Tolerance Information for Downstream Applications 

Current Product Definition  
Challenges 
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 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! 

So What’s the Problem? 

Functional 
Tolerances 

Nominal 
 
 
 
 

Shape 
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“It is the representation,  
not the presentation.” 

Product Model  
Tolerances 

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

from a validated representation.” 
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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” 
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Model-Based Tolerance  
Requirements 

• Augment a Solid Shape w/ Product Tolerances 
• 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 

• Build Datum Reference Frames from Datum Features 
• Assign DRFs to Appropriate Tolerances 
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Model-Based Tolerance  
Requirements 

• Purposely Associate Tolerances to Appropriate 
Tolerance Feature(s) 

• Recognize Tolerance Features (Auto, Interactive) 
• Infer Correct Tolerances Automatically 

• Per ANSI Y14.5 
• Per Company Standards 

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

• Publish Application Programmers Interface Suite 
• Extend Tolerance Analysis 
• Integrate with Existing Applications 
• Support Downstream Applications (e.g., Measurement) 

• Exchange Tolerance Definition to other Product 
Definitions 
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Mechanical Model-Based Progression 

IGES 

Solid Modeling Fully Semantic 
produces 3D annotation 

Surface Modeling Partial Semantic 
w/Annotation 

3D Wireframe 3D Annotation 

2D Wireframe 2D Annotation 

AP203 

AP203e2 

  
 

 

Nominal Modeling Functional (PMI) Modeling 

FBTol progresses Annotation like Solid Modeling progressed Wireframes 

+/- 0.010 
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™ 

Feature-Based Tolerancing™  

a Component Technology for  
Fully Semantic Product Modeling. 

FBTol™ 

+/- 0.010 

3D Toleranced Product Model 

Augmenting Solid Model Shapes With Complete and Unambiguous 
Part Tolerances and Other Non-shape Attributes (i.e., Virtual Drawing) 
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Forward Enclosure 

Multiple Perspective of 
Shape Features 
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Forward Enclosure 

Design 
Features 

Machining 
Features 

Tolerance 
Features 

Deburring 
Features 

Multiple Perspective of  
Shape Features 
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A Tolerance Feature 
Taxonomy from FBTol 
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Datum Reference Frame 

A datum reference frame is defined by three 
mutual perpendicular datum planes. 
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Datum Reference Frames  
from FBTol 

• Presented within a Geometric Tolerance Feature 
Control Frame 

• Defined by One, Two, or Three Datum Features 

• Defines Explicit Mathematical Coordinate System 

• Constructed from Left to Right Order of Precedence 
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Datum Reference Frame  
from FBTol 

• Classified per DRF’s Datum Feature(s) 
• Class (e.g., planar, axial, full) 

• Precedence within DRF 

• Geometric Relationship with other Datum Features  

• Simple and Compound Datum Features 

• Extends ASME Y14.5.1M-1994 - DRFs 

• Accommodates Compound Datum Features (e.g., S-T) 

• Introduces Part Master DRF Concept 
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A Tolerance Taxonomy 
 from FBTol 
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General Property Attribute 

• Notes 
• Specifications 
• Cosmetic  
• Markings 
• . . . 
• Assign to any entity. 
 



We make products for national security. 

Recognize  
Tolerance Features  
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Document Spelling & Grammar FBTol Tolerance Definition 

FBTol Score 
100% 

Check / Score 
Tolerance Definition 
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Tolerance Definition Review 
AMBER2 

FBTol Advisor GUI 
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Tolerance Definition Issues 
AMBER2 

87.0 / 100 FBTol score 
28 issues identified 

• 1 tolerance with incomplete data 
• 18 features not fully located 
• 7 features with no orientation 

constraints 
• 2 features with no form constraints 

Check result level colors 
• 5 RED TolFeats. 
• 13 ORANGE TolFeats. 
• 0 YELLOW TolFeats. 
• 4 BLUE TolFeats. 
• 49 GREEN TolFeats. 
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FBTol Check Score: 86.9 
Lifting Plate 

FBTol Check Result Level Summary: 
 TolDef has   4 RED check result level TolFeats. 
 TolDef has   0 ORANGE check result level TolFeats. 
 TolDef has   0 YELLOW check result level TolFeats. 
 TolDef has   7 BLUE check result level TolFeats. 
 TolDef has  10 GREEN check result level TolFeats. 
 TolDef has   0 DK GREEN GRAY suppressed TolFeats. 
 TolDef has   0 LT GRAY Faces without TolFeats. 
 
FBT CHECK Detail: 15 issues have been identified resulting in an FBTCheck Score of 86.9. 
=== FBTCheck Results Begin: 
Tolerance Feature: 10.0dIntThread-02 has FBTol Check result: TolFeat is located by a tolerance w.r.t. a non fully located datum reference frame. 
Tolerance Feature: 14.1wSlot-01 has FBTol Check result: TolFeat is located by a tolerance w.r.t. a non fully located datum reference frame. 
Tolerance Feature: 14.1wSlot-02 has FBTol Check result: TolFeat is located by a tolerance w.r.t. a non fully located datum reference frame. 
Tolerance Feature: 205.0rOutCylRadSegment-03 has FBTol Check result: TolFeat is located by a tolerance w.r.t. a non fully located datum reference frame. 
Tolerance Feature: 26.0dInnerDiam-01 has FBTol Check result: TolFeat is located by a tolerance w.r.t. a non fully located datum reference frame. 
Tolerance Feature: 7.1rInnCylRadSegment-01 has FBTol Check result: TolFeat is located by a tolerance w.r.t. a non fully located datum reference frame. 
Tolerance Feature: 7.1rInnCylRadSegment-02 has FBTol Check result: TolFeat is located by a tolerance w.r.t. a non fully located datum reference frame. 
Tolerance Feature: Planar-05 has FBTol Check result: tolerance feature is not fully located. 
Tolerance Feature: Planar-09 has FBTol Check result: tolerance feature is not fully located. 
Tolerance Feature: 10.0dIntThread-01 has FBTol Check result: tolerance feature is not fully located. 
Tolerance Feature: 26.0dInnerDiam-02 has FBTol Check result: tolerance feature is not fully located. 
Tolerance Feature: Planar-05 has FBTol Check result: no orientation constraint tolerance. 
Tolerance Feature: Planar-09 has FBTol Check result: no orientation constraint tolerance. 
Tolerance Feature: 10.0dIntThread-01 has FBTol Check result: no size constraint tolerance. 
Tolerance Feature: 26.0dInnerDiam-02 has FBTol Check result: no size constraint tolerance. 
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FBTol Analysis - Housing 
Shape Issues Found 
10 - Model’s Dimensions not centered with 

drawing dimensions. 
3 - Small faces found in model. 
1 - Model dimension different than drawing 

Tolerance Definition Issues 
89.8 / 100 FBTol Score 
69 Issues Identified 

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) 
1 feature location only applicable in 9900000 
5 planar features not fully located w.r.t. axials 
4 planar features not located 
2 f t  i t ti  t i t  d d 
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FBTools 

FBTol enables downstream applications. 

Design 
w/FBTol 

Make 

                                                                                             

 
 
 
 

Solid Modeler 

G
eM

S+
+ FBShape 

Verify 
FBMeas 
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Application Programmers Interface 
• Direct Interfaces 
• API Interfaces 

//  api_fbt_new_tol_def 
//  api_fbt_create_tol_feat 
//  api_fbt_attach_face_to_tol_feat 
//  api_fbt_get_tolerances_of_tol_feat 
//  api_fbt_check_tol_ent 
//  api_fbt_get_gen_props_of_tol_ent 
//  api_fbt_create_tolerance 
//  api_fbt_attach_tolerance_to_tol_feat 
//  api_fbt_detach_tolerance_from_tol_feat 
//  api_fbt_get_tol_feats_of_tolerance 
//  api_fbt_show_tolerance 
//  api_fbt_get_tol_value 
//  api_fbt_get_or_construct_datum 
//  api_fbt_construct_drf 
//  api_fbt_create_gen_prop_attrib 
……. 
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FBTol 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 Assembly  
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 
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FBTol Benefits 
• Product Modeling 

• Defines the next generation of product definition 

• Tolerance Definition 
• 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 

• 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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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 
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Coordinate Measurement 
Cost Budget 

First & Biggest Cost Factor:
CMM Part Programming

Part Program Generation
Measurement Set-Up
Measurement
Reporting & Analysis

Largest Cost Factor: 
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™ 

Feature-Based Measuring™  
 

a Component Technology for  
Measurement Process Planning & Part Program Generation 

Transforms Product Requirements (Functional Tolerances) into a 
Measurement Action Plan that Produces a Viable ISO Standards-Based 

Dimensional Metrology Part Program 

FBMeas™ 
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Requirements for Next Generational  
Measurement Process Planner  

Automation: 
• Full Semantic Representation of Tolerances 
• Measure Feature Recognition 
• Part Coordinate System Recognition 
• Measurand Determination 
• Measure Point Generation 
• DME Resource Selection 
• Sensor Accessibility Analysis 
• Workpiece Placement 
• Sensor Selection & Orientation 
• Measurement Plan Inference 
• Measurement Plan Centric 
• Inter & Intra Feature Clearance Moves 
• Measurement Part Program Output (ISO DMIS) 
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Feature-Based Measuring 

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, CMMs) 
• Generate CMM Measure Plan 
• Output ISO DMIS Part Program 
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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 

…Model to Plan to Program in 10 Minutes 
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Fly-By Demonstration 

Click for FBTol/FBMeas LiftingPlate Demo Video – by Curtis Brown 



We make products for national security. 



We make products for national security. 



We make products for national security. 



We make products for national security. 

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 

• 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. 
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 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 

 

Summary  
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Questions? 

 
Curtis W. Brown, P.E. 

Principal Mechanical Engineer 
Kansas City Plant 

816-997-3548   •   cbrown@kcp.doe.com  
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