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Develop test case definitions, 
test case models and 
software algorithms 
sufficient to measure conformance of CAD systems  
to American Society of Mechanical Engineers (ASME) 
standards for Product Manufacturing Information (PMI) 
 

ASME Y14.5-1994 (Dimensioning and Tolerancing) 
ASME Y14.41-2003 (Digital Product Data Definition Practices) 

 

NIST MBE PMI Validation and Conformance Testing 
Program (NIST MBE PMI VCTP or NMPV) 



Project Components 
• Test Cases 

• Select 50 PMI annotation constructs (Atomic Test Case – ATC) 
• Expert review of the PMI 
• Applied to 5 parts (Complex Test Case – CTC) 

 
• Test Models 

• Each of the 5 parts with PMI modeled in 4 CAD systems 
(CATIA, Creo, NX, SolidWorks) 

• Focus on Semantic PMI 
• Precise, not graphical, machine interpretable 

 
• Verification of CAD models 

• Comparison to test case definitions and to each other 
• Implementor Forums (IFs) to resolve modeling issues 

 
• Release to IFs 

• Generate derivative STEP, JT, and 3D PDF files 
• Validate derivative files to original CAD models 
• Import derivation STEP files to CAD systems 

• Validate derivative CAD models to original CAD models 
 

• Release test cases and CAD models to public  (cic.nist.gov/mbe) 
    

 
 



MBE PMI Validation Data Process Flow 
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Phase 1 PMI Annotation Constructs 



Phase 1 PMI Annotation Constructs 



Phase 1 PMI Annotation Constructs 



Test Case 1 



Test Case 2 



Test Case 3 



Test Case 4 



Test Case 5 



Test Cases Modeled in 4 CAD Systems 

Test Case CATIA V5 R21 Model 

NX 8.0 Model 
 
 
SolidWorks 2012 Model 

Creo 2.0 Model 



Example Semantic Verification Issue 

CATIA in-between designation and 
bounds (edges) are non-semantic. 

Same issue also found in the NX, Creo 
and SolidWorks test models. 



Phase 1 Results (Oct 2012 – Sep 2013) 
• Test Cases 

• Select 50 PMI annotation constructs 
• Applied to 5 parts (10 per part) 
• Documented with PDF, images, and explanatory text  

(Bryan Fischer, Advanced Dimensional Measurement)  
• Expert review of the PMI (Curtis Brown, DoE and RECON Services) 
 

• Test Models 
• Each of the 5 parts with PMI modeled in 4 CAD systems  

(Rich Eckenrode, RECON Services) 
 

• Verification of CAD models 
• Comparison to test case definitions and to each other  

(Doug Cheney, ITI TranscenData, CADIQ) 
 

• Release to Implementor Forums 
• Resolve modeling issues 
• Generate derivative STEP and JT files (no 3D PDF) 
• Validate derivative files to original CAD models (delayed) 

 
• NIST STEP File Analyzer and public release (cic.nist.gov/mbe) 

    
 
 



MBE PMI Validation Data Process Flow 
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NIST STEP File Analyzer and Semantic PMI 

• STEP File Analyzer parses file and displays in spreadsheet 
• Dimensional Tolerance 

• Diameter, Length 
• Plus-minus 
• Value Range 

• Datum Reference Frame 
• Modifiers 

• Geometric Tolerance 
• Value 
• Modifiers 
• Tolerance Zone 

• Datum Feature 
 

• Recreate Visual Presentation of the Semantic PMI 
• Compare to test case definition 
• Identify source of discrepancies 

• STEP file, CAD model, Analyzer 
 
 



Semantic PMI Summary Worksheet 
• Recreate Visual Presentation of the Semantic PMI 

• Datum systems, dimensional and geometric tolerances 



Manual Association of Semantic PMI to 
Test Case Image 

Green – GD&T match 
Yellow – GD&T incorrect or incomplete 
 Possible issue with STEP file, Analyzer, or Recommended Practice 
Red -  GD&T incorrect, possible issue with STEP file (diameter symbol is missing in this example) 
  



Manual Association of Semantic PMI to 
Test Case Image 



Coverage Analysis 
• Test Cases 

• Only 50 PMI annotation constructs out of many 
• Phase 2 considering 50 more 

 
• Test Models 

• Modeled in only 4 CAD systems 
• Limitations of CAD systems to model some PMI constructs 

• Graphical workarounds 
 

• Limitations of derivative STEP files 
• Focus on AP242 

• Not supported by some CAD systems 
• CAx-IF Recommended Practices do not cover all Test Cases 

 
• STEP File Analyzer Coverage Analysis 

• Geometric and dimensional tolerances, modifiers  
• Reference documentation in CAx-IF Recommended Practices 
• Constructs without Recommended Practices    

  
 
 



STEP File Analyzer - Coverage Analysis 

Column A – Types of GD&T, 
numbers in parentheses 
refer to CAx-IF Recommended  
Practice 
 
Other Columns – One per STEP file, 
X indicates the file contains that 
type of GD&T  
 
 



STEP File Analyzer - Coverage Analysis 



Phase 2 Plans (Proposed) 
• Test Cases 

• Select 50 more PMI annotation constructs (Atomic Test Case – ATC) 
• Expert review of the PMI 
• Applied to 5 parts (Fully-toleranced Test Case – FTC) 

 
• Test Models 

• Each of the 5 parts with PMI modeled in 4 CAD systems  
(more recent versions of CATIA, Creo, NX, SolidWorks) 

• Focus on Semantic PMI 
 

• Verification of CAD models 
• Comparison to test case definitions and to each other 
• Implementor Forums (IFs) to resolve modeling issues 

 
• Release to IFs 

• Generate derivative STEP, JT, and 3D PDF files 
• Validate derivative files to original CAD models 
• Import derivation STEP files to CAD systems 

• Validate derivative CAD models to original CAD models 
 

• Complete delayed Phase 1 tasks     
 
 



Complex vs. Fully-toleranced Test Case 

Complex Test Case 

Fully-toleranced Test Case 



Possible Future Extensions 
• Cross sections (single plane and multiple 

planes)  
• Assembly PMI 
• ISO PMI standards 
• Newer versions of ASME and ISO standards 
• More CAD systems (Solid Edge, Inventor, …) 
• Import into CAM systems, especially inspection 

planning and measurement 
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