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Outline 

Simulation governance: Response to the prediction challenge in 

engineering practice 

The main elements of simulation governance in mechanical design 

and certification 

Application of design rules 

Formulation of design rules 

Example: Safe life design problem 

New technical requirements for FEA software tools: 

Support for verification and virtual experimentation  

Collection, management and interpretation of calibration data and other empirical  

evidence 

Conventional FEA software products do not meet these 

requirements 

Fundamental problems with implementation  

Conclusions 
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Simulation governance 

Formulation of design rules 

Simulation governance is an open-ended process by which 

mathematical models are ranked and progressively improved over 

time in the light of new experimental data 

Standards are required for the collection, management and 

interpretation of experimental data  

Control of numerical and modeling errors is essential 

The relative performance of mathematical models is objectively 

evaluated 

Provides a framework for innovation 

Application of design rules 

Simulation governance is essentially verification. 

Standardization should be used whenever possible 

New technical requirements for software tools 
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Mathematical models 

We understand a mathematical model to be a transformation of data 

D that characterizes some physical reality into the data of interest 

denoted by F.  

Data D includes all geometrical attributes, material properties, 

calibration data and loading information. 

Associated with D are various measures of uncertainty.  The 

transformation maps these measures of uncertainty into corresponding 

measures of uncertainty associated with F.  

The transformation D → F consists of a set of operations that 

include the solution of a mathematical problem, statistical models, 

constitutive relationships and failure criteria. 

Phenomenological approaches cannot be avoided.  

The epistemic and aleatory uncertainties are mixed. 

The goal of simulation governance is to minimize the epistemic 

uncertainties. 
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Example: Safe life design problem 

Perspective: Formulation of design rules 

D: Information concerning the object of design, the material 

properties and loading conditions 

 Calibration data (for example S-N curves) 

D → F is a set of operations that include  

Generalization of fatigue test data  

Statistical models 

Definition of driver(s) of damage accumulation  

Formulation of  one or more mathematical problems  

Numerical solution 

Extraction of the driver(s) of damage accumulation  

Verification 

F: The number of cycles to failure N:   

We predict with 95 percent confidence that the probability that 

N < 106 is (say) 0.08.” 
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Typical S-N curves for aluminum alloys 
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Data analysis 
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Drivers of damage accumulation 
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Bolted lap joint  
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Two models: 

2D: neglects bending and            

the fastener is modeled 

by nonlinear springs. 

3D: accounts for bending 

and the elastic contact 

problem is solved. 

Cyclic loading: -250 < F < 500 lbs 



Results for Model 1 (2D) 
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Results for Model 2 (3D) 
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Cumulative distribution functions 
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Predictor 1: Applicable to Location 3 only where it is the same as Predictor 2 

Predictor 2: Applicable to Locations 1, 2, 3 



Predictions and outcomes 
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The predicted number of cycles (millions) to failure at 90 percent probability 

Initiation occurs in the vicinity of Location 2 at 0.5 M cycles. In this case 

Predictor  1 is rejected and either the 3D or  2D model  may be used. 

Outcome 1 

Outcome 2 

Initiation occurs in the vicinity of Location 3 at 2 M cycles. In this case 

Predictor  2 is rejected and either the 3D or  the 2D model  may be used  

Outcome 3 

Initiation  occurs in the vicinity of Location 3 at 40 M cycles. In this case 

Predictor  2 is rejected and only the 3D model  may be used. 



Technical requirements for FEA software 
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The problem with conventional FEA 
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From the perspective of application of design rules an important 

element of simulation governance is standardization 

Applications that involve complex nonlinear problems with several 

parameters are designed by expert analysts for safe use by 

designers. 

Standardization 
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Conclusions 

The economic benefits derived from overcoming the 
prediction challenge in engineering practice are very 
substantial 

Reduce reliance on physical testing 

Increase reliance on simulation 

The prediction challenge can be met only through 
simulation governance 

Progressive reduction of aleatory uncertainties 

Simulation governance has different meanings for the 
Formulation of design rules 

Application of design rules 

Conventional FEA software tools used in current 
engineering practice were not designed to meet the 
technical requirements of simulation governance. 

A thorough re-thinking and redesign of FEA software tools will be 
necessary. 


