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History

engineers and scientists
collecting and analyzing
fatigue test data

since 1800s

but

existing statistical approaches are archaic
for technical, conceptual, and maybe other reasons
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Modern Statistical Models and Methods for Estimating Fatigue-Life and
Fatigue-Strength Distributions from Experimental Data

William Q. Meeker, Luis A. Escobar, Francis . Pascual, Yili Hong, Peng Liu, Wayne M. Falk, Balajee Ananthasayanam

Engineers and scientists have been collecting and analyzing fatigue data since the 1800s to ensure the reliability of life-
critical structures. Applications include (but are not limited to) bridges, building structures, aircraft and spacecrafi
components, ships, ground-based vehicles, and medical devices. Engineers need to estimate S-N relationships (Stress or
Strain versus Number of cycles to failure), typically with a focus on estimating small quantiles of the fatigue-life distribution.
Estimates from this kind of model are used as input to models (e.g., cumulative damage models) that predict failure-time
distributions under varying stress patterns. Also, design engineers need fo estimate lower-tail guantiles of the closely related
fatigue-strength distribution. The history of applying incorrect statistical methods is nearly as long and such practices
continue to the present. Examples include treating the applied stress (or strain) as the response and the number of cycles o
failure as the explanatory variable in regression analyses (because of the need to estimate strength distributions) and
ignoring or otherwise mishandling censored observations (known as runouts in the fatigue literature). The first part of the
paper reviews the traditional modeling approach where a fatigue-life model is specified. We then show how this specification
induces a corresponding fatigue-strength model. The second part of the paper presents a novel alternative modeling
approach where a fatigue-strength model is specified and a corresponding fatigue-life model is induced. We explain and
ilHustrate the important advantages of this new modeling approach.
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Plan

- Why is the subject important?

— Stories, Applications

« Background
- S-N data (you should know)

- Archaic methods (you may not realize)

- Modern approach
- Do itright
- Data characteristics
- Models in Fatigue Model platform

— List of results

« Demo
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S-N Data
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Data Characteristics |

Decreasing, may be curved
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Percent Strain
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Data Characteristics |l

Asymptotes
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Data Characteristics
Spread
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Objectives

Fatigue-Lite Distribution and Fatigue-Strength Distribution
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Archaic Approach(s)

« Treat stress as the response, cycle i
as the explanatory, to estimate .
fatigue-strength distribution. :

* lgnore runouts or treat them as
failures. .o

- Use least squares with the presence
of runouts. - e

- Model tfatigue-lite and fatigue- | ) 2
strength distributions separately. - .
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Do it right (modern approach)

« Cycle is the response; stress is the

explanatory.

 Runouts are censored observations.

« Use Maximum Likelihood Inference

all the time.

- Model tatigue-lite and fatigue-

strength distributions
simultaneously, because they
mutually determine each other.
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Models in JMP 18 Fatigue Model Platform

- Two categories, six S-N curve relationships:
- Specity fatigue-lite distribution, induce ftatigue-strength distribution

1. Box-Cox Loglinear-Sigma
7. Basquin
- Specity fatigue-strength distribution, induce fatigue-life distribution
3. Coffin-Manson
4 Nishijima
5. Coffin-Manson Zero Elastic Slope
6. Rectangular Hyperbola

 Four distribution types:
- Lognormal, Weibull, Loglogistic, Frechet

24 models in total
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Models in JMP 18 Fatigue Model Platform

Coffin-Manson Zero Elastic Slope (F5-Lognormal)

Stress (MPa)
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Available results from fitted models

- Plot of data
« Model summary (parameter estimates etc.)

- Plot of density curves, quantile curves tor fatigue-lite/strength distributions

- Fatigue-lite/strength cdf and quantile profilers

- Custom estimation for fatigue-lite/strength cdf and quantile with likelihood-
based confidence intervals
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Demo

Sample data in JMP (under Help > Sample Index, search file name.)
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Slight updates in JMP 18.1

« The density curves are better proportioned.
» Distribution and quantile profilers use two frames instead of frame + num.

4 = Data and Fitted Model

Cycles  Siress



Thank you!

Peng Liu, Principal Research Statistician Developer -'f-
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