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UNDERSTANDING ACCELERATED LIFE-TESTING ANALYSIS

1. Summary & Purpose

Accelerated tests are becoming increasingly popular in today’s industry due to the need for obtaining life data quickly.  Life testing of products under higher stress levels without introducing additional failure modes can provide significant savings of both time and money.  Correct analysis of data gathered via such accelerated life testing will yield parameters and other information for the product’s life under use stress conditions.  

This is a brief introductory tutorial on this subject.  Its main purpose is to introduce the participant to some of the basic theories and methodologies of accelerated life testing data analysis.  
2. Introduction

Traditional “Life Data Analysis” involves analyzing times-to-failure data (of a product, system or component) obtained under “normal” operating conditions in order to quantify the life characteristics of the product, system or component.  In many situations, and for many reasons, such life data (or times-to-failure data) is very difficult, if not impossible, to obtain.  The reasons for this difficulty can include the long life times of today’s products, the small time period between design and release, and the challenge of testing products that are used continuously under normal conditions.  Given this difficulty, and the need to observe failures of products to better understand their failure modes and their life characteristics, reliability practitioners have attempted to devise methods to force these products to fail more quickly than they would under normal use conditions.  In other words, they have attempted to accelerate their failures.  Over the years, the term “Accelerated Life Testing” has been used to describe all such practices. 

A variety of methods, which serve different purposes, have been termed “Accelerated Life Testing.”  As we use the term in this tutorial, “Accelerated Life Testing” involves acceleration of failures with the single purpose of the “quantification of the life characteristics of the product at normal use conditions.”  This tutorial is solely concerned with this type of accelerated life testing.  To avoid confusion, the following section describes different types of tests that have been called “accelerated tests” and distinguishes between those that are addressed in this tutorial and those that are not.

3. Types of Accelerated Tests

Each type of test that has been called an accelerated test provides different information about the product and its failure mechanisms.  Generally, accelerated tests can be divided into three types:  Qualitative Tests (Torture Tests or Shake and Bake Tests), ESS and Burn-in and finally Quantitative Accelerated Life Tests.  This tutorial only addresses and quantifies some models and procedures associated with the last type, Quantitative Accelerated Life Tests.
3.1 Qualitative Tests

Qualitative Tests are tests that yield failure information (or failure modes) only.  They have been referred to by many names including:

· Elephant Tests 

· Torture Tests 

· HALT (Highly Accelerated Life Testing)

· Shake & Bake Tests 

· Qualitative tests are performed on small samples with the specimens subjected to a single severe level of stress, to a number of stresses, or to a time-varying stress (i.e., stress cycling, cold to hot, etc.).  If the specimen survives, it passes the test.  Otherwise, appropriate actions will be taken to improve the product’s design in order to eliminate the cause(s) of failure.  Qualitative tests are used primarily to reveal probable failure modes.  However, if not designed properly, they may cause the product to fail due to modes that would have never been encountered in real life.  A good qualitative test is one that quickly reveals those failure modes that will occur during the life of the product under normal use conditions.  In general, qualitative tests are not designed to yield life data that can be used in subsequent analysis or for “Accelerated Life Test Analysis.”  In general, qualitative tests do not quantify the life (or reliability).
In typical life data analysis, this use level probability density function, or pdf, of the times-to-failure can be easily determined using regular times-to-failure data and an underlying distribution such as the Weibull, exponential, and lognormal distributions.  In accelerated life testing analysis, however, we 
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Figure 20: Life vs. stress plots for the Temperature-Humidity model, holding voltage constant on the first plot and temperature constant on the second.

4. Advanced Concepts

4.1 Confidence Bounds

The confidence bounds on the parameters and a number of other quantities such as the reliability and the percentile can be obtained based on the asymptotic theory for maximum likelihood estimates, for complete and censored data.  This type of confidence bounds, are most commonly referred to as the Fisher matrix bounds.  

4.2 Multivariable Relationships

So far in this tutorial the life-stress relationships presented have been either single stress relationships or two stress relationships.  In most practical applications however, life is a function of more than one or two variables (stress types).  In addition, there are many applications where the life of a product as a function of stress and of some engineering variable other than stress is sought.  A multivariable relationship is therefore needed in order to analyze such data.

Such a relationship is the general log-linear relationship, which describes a life characteristic as a function of a vector of n stresses.  Mathematically the model is given by,
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where:

· aj are model parameters.

· 
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 is a vector of n stresses.
Note that a reciprocal transformation on X, or X=1/V will result to an exponential life stress relationship, while a logarithmic transformation, X=ln(V) results to a power life stress relationship.

4.3 Time-Varying Stress Models

When the test stresses are time-dependent (see Section 9), the life-stress relationships can be extended to account for this type of stresses.  As an example consider an exponential life stress relationship utilizing a time-varying stress:
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Treatment and analysis of time-varying stresses requires further assumptions and more complex analysis techniques [6, 9, 11].
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