
Computer Aided Tolerancing 

Andreas Vlahinos, Ph.D.  

Principal, 

Advanced Engineering Solutions, LLC 

4547 N. Lariat Dr., Castle Rock, CO 80104 

Phone: 303-814-0455; Fax: 303-814-0147 

www.aes.nu 
 

http://www.aes.nu/


Geometric Dimensioning and Tolerancing (GD&T)  
• GD&T is a language for communicating engineering design 

specifications 

• GD&T includes all the symbols, definitions, mathematical 
formulae, and application rules necessary to embody a viable 
engineering language 



Tolerance Processes within CREO 

1. Annotate Features GD&T Features 

 
 

2. GDT Advisor 

3. Dimension Boundaries 

4. Tolerance Analysis (1D TAE) 

5. BMX Sensitivity 

6. BMX Statistical Design Studies 

7. CETOL 6σ  

a. 3D Tolerance Analysis 

b. Generates Geometric Dimensioning and Tolerancing Features 

c. Tolerance Optimization for Assembly Quality  



 



MBE requires 3D Model Base Definition 

 



Drawing Associativity 

 



Tolerance Analysis with Dimension Boundaries 
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Tolerance Analysis with TAE Feature 
• PTC CREO® Tolerance Analysis Extension (TAE) 

solves one-dimensional problems with a 
Dimension Loop Diagram, generates sensitivities 
and statistical tolerance analyses  



Statistical Analysis and Sensitivity 

• 1D Tolerance Stack-up 

• For Gap >  zero: 
– Sigma Quality Level 

– Defects Per Million Units 

– Percent Yield 

– Μ & σ of Gap 

• Best-Worst Case 

• Sensitivity 

• Nominal & Tolerances 
can be adjusted live 

• Report Generation 
 



Results summary plot - Sigma Quality metrics   



Design Modifications 

• Interactive / real 
time Modification 
of Tolerance Bounds 

• Modifications are 
associative to the 
model 

• Tolerance Analysis 
Feature can be used 
with Behavioral 
Modeling 

 



Vector Diagram of Stack-up 
 



Min-> 

Max-> 

Cp relates the mean and variability of the process or 
machine to the permissible range of dimensions 

allowed by the specification or tolerance 



Do the two components assemble? 

 



Configurations for Gap Analysis 

 



Motor TAE Example Exploded View 



Mechanical Tolerance Stacks –Loop Diagram 

 



Typical Requirements 

• The gap between the shaft and the inner bearing cap 
must always be greater than zero (to ensure that the 
rotor is clamped and the bearings are preloaded) 

• The gap between the housing cap and the housing 
must always be greater than zero (to ensure that the 
stator is clamped) 

• Amount of “squeeze” on an o-ring 

• Amount of “preload” on bearings 

• Sufficient “material” for subsequent machining 
processes 

• Interference requirements, such as when pressing 
pins into holes 

• Optical requirements, such as alignment of optical 
elements 



Is it possible to assemble all 
the PCB into the assembly?  

Circuit Board TAE Example  



 



Requirement Clearance greater 
than zero 

 



 

GD&T Definitions are required for 
Tolerance Analyses 



 

Mechanical Tolerance Stacks –Loop Diagram 



 



 



Typical TAE Application 

• DOD Quality performance requirements 

• Reliability and Materiel  
availability metrics as KPP 

• Demonstration of compliance  
with virtual prototypes 

• Immediate feedback during 
development process 

• Experimental Validation  
is required 

 



ICD Solid Model 
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CAD Integration 
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Sampling in Stack-up Tolerance Example 
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  Tolerance Analysis of Projectile for ICD Compliance

 Gap (mm)

  Quality Level  = 10.0781

 Percent Yield  =  100.00%

 DPMU =0

Typical Results of Tolerance Analyses 



Using BMX’s Statistical Design Studies  
for Sigma quality evaluation 

 



 



Live Demonstration of 

BMX Statistical Design Studies 
 

 



 



 



 



Steps for 3D Tolerance Analysis 

• Define appropriate GD&T of all relevant 
components 

• Define as measurements the functional 
performance requirements 

• Define the joints and constraints between parts 

• Examine the part dimensioning details 

• Validate model  / configurations 

• Calculate sensitivities 

• Evaluate results 

• Select critical impactful mean values 

• Select critical impactful tolerance values 

 

 


