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Validation of an Adaptive Finite Element-Based Fatigue Life Prediction Model 

Introduction

The engineering field of fatigue involves the behavior of components under cyclic loading, where cyclic loading refers to the repeated unloading and loading of a part.  Fatigue affects many engineering applications including car axles, airplane fuselages and wind turbines.  Each component is designed to withstand a number of cycles, or fatigue life, at a specific load level.

The highly stressed volume in a component is the amount of material that experiences the highest amount of stress.  Loading and geometry can cause a localized high stress region or stress gradient in a component.  Figure 1 shows different highly stressed volume regions for 3 common loading conditions.  All engineering materials contain inhomogeneities or defects, many of which are quite small (~10 m) and inherent to the alloying process.  The size of the highly stressed volume affects the likelihood of a crack forming at a defect in the region and thereby the fatigue life of a component.
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Figure 1. Three loading conditions with corresponding Highly Stressed Volume (HSV) regions in gray. (a) Axially loaded specimen. (b) Notched, axially loaded specimen. (c) 3 point bend specimen. (d) Stress contours in the notch region from the FE model of the specimen in (b).

As a summer PINS student and continuing in the winter quarter as a current departmental undergraduate research assistant, I developed an automated and adaptive finite element (FE) model that computes the local stress state in order to predict fatigue life.  The model examines the local performance of individual elements and then automatically adjusts the element properties as they fail over time.  The objective of this research project is to validate the computational model by making fatigue life predictions for two specimen geometries with different highly stressed volumes and comparing the results with experimental fatigue data.  Only after proper validation can this model be applied to predict the performance of actual components.

Methods

The existing model considers the effects of crack-causing defects within the highly stressed volume region of a single edge notched tensile specimen (Figure 1b).  The model uses the probability associated with crack features and finite element analysis to create a virtual fatigue test specimen.  This specimen is then analyzed and the stress in each element is evaluated (Figure 1d).  When an element reaches its critical life, it is failed and the stress is redistributed; this process is continued until catastrophic specimen failure.

The developed model will be utilized to perform computational fatigue life tests on two geometries.  The predicted results will be compared to experimental literature data from tensile testing [1] and 3-point bend testing for aluminum 2024-T3.  These comparisons will verify the reliability of the computational model. The concept for this study came from ideas contained in a recent paper by Jeffers, et al. in which the effect of highly stressed volume in a bone cement material, containing significant porosity, was examined for two different geometry specimens [2].  In this study, an accurate comparison of different highly stressed volume sizes was only possible by considering the effect of the inhomogeneities (porosity).

Outcomes

The final outcome of the research will be a verified fatigue life prediction model.  This tool will be useful for comparisons with fatigue tests on other materials and loading conditions in Dr. Laz’s lab.  Additionally, the automated computational model may provide the foundation for continued research (perhaps Master’s research), as the model should, theoretically, be capable of being applied to more complex geometries and other materials with further development.  The findings of this project will be presented at the Symposium Conference in 2006.  This research is also the basis for my undergraduate thesis as part of Graduation with Engineering Honors.

I am confident that I will be able to complete this study, as I created the existing model last summer with Dr. Laz’s guidance.  I certainly learned a great deal about the research process and also about this particular area of engineering research.  My summer project was limited to 6 weeks because I was going to Australia as part of the CGS program.  While I accomplished a lot in the short time, I would like to bring this project to completion.  In the summer, I learned how to use two FE packages and developed custom programs using C and Python languages.  These skills will be extremely useful in my future engineering career.

Budget

In order to justify the $500 student stipend, I used to work at the Quick Copy Center in the Penrose Library (Spring 2005) prior to being involved in this research project.  I worked an average of 20 hours per week at a wage of $8.50/hr.

Student stipend
$500

Software license fees
$1000  - Software fees will be applied toward licensing of Abaqus ($3000 yr) and Patran ($1500/yr)
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