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Unit 18: Accelerated Test Models

Notes largely based on 
“Statistical Methods for Reliability Data” 

by W.Q. Meeker and L. A. Escobar, 
Wiley, 1998 and on their class notes.

Ramón V. León
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Review: Log Location-Scale Model 
Representation
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Review: Log Location-Scale 
Families and the SAFT Model
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Unit 18 Objectives
• Describe motivation and application of 

accelerated reliability testing
• Explain the connection between degradation, 

physical failure, and acceleration of reliability 
tests

• Examine the basis for temperature and humidity 
acceleration

• Examine the basis for voltage and pressure 
stress acceleration

• Show how to compute time-acceleration factors
• Review other accelerated test models and 

assumptions
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Accelerated Test Increasingly Important

• Today’s manufacturers need to develop newer, 
higher technology products in record time while 
improving productivity, reliability, and quality

• Important Issues:
– Rapid product development
– Rapidly changing technologies
– More complicated products with more components
– Higher customer expectations for better reliability
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Need for Accelerated Tests
• Need timely information on high reliability 

products
– Modern products designed to last for years or 

decades
– Accelerated Tests (ATs) used for timely assessment 

of reliability of product components and materials
– Test at high levels of use rate, temperature, voltage, 

pressure, humidity, etc.
– Estimate life at use conditions

• Note: Estimation/prediction from ATs involves 
extrapolation
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Application of Accelerated Tests

• Applications of Accelerated Tests include:
– Evaluating the effect of stress on life
– Assessing component reliability
– Demonstrating component reliability 
– Detecting failure modes
– Comparing two or more competing products
– Establishing safe warranty times
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Methods of Acceleration
• Three fundamentally different methods of 

accelerating a reliability test:
– Increase the use-rate of the product (e.g., test a 

toaster 400 times/day). Higher use rate reduces test 
time

– Use elevated temperature or humidity to increase rate 
of failure-causing chemical/physical process

– Increase stress (e.g., voltage or pressure) to make 
degrading units fail more quickly.

• Use a physical/chemical (preference) or 
empirical model relating degradation or lifetime 
at use conditions.
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Change in Resistance Over Time of Carbon-Film Resistors
(Shiorni and Yanagisawa, 1979
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Accelerated Degradation Tests (ADTs)

• Response: Amount of degradation at 
points in time

• Model components
– Model for degradation over time
– A definition of failure as a function of 

degradation variable
– Relationship(s) between degradation model 

parameters (e.g., chemical process reaction 
rates) and acceleration variables (e.g., 
temperature or humidity).
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Breakdown Times in Minutes of a Mylar-Polyurethane 
Insulating Structure (from Kalkanis and Rosso, 1989)
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Accelerated Life Tests (ALTs)

• Response
– Failure time (or interval) for units that fail
– Censoring time for units that do not fail

• Model Components:
– Constant-stress time-to-failure distribution
– Relationship(s) between one (or more) of the 

constant-stress model parameters and the 
accelerating variables
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Use-Rate Acceleration
• Basic Idea: Increase use-rate to accelerate failure-

causing wear or degradation
• Examples:

– Running automobile engines or appliances continuously
– Rapid cycling of relays and switches
– Cycles to failure in fatigue testing

• Simple assumption:
– Useful if life adequately modeled by cycles of operation. 

Reasonable if cycling simulates actual use and if test units return 
to steady state after each cycle.

• More complicated situation:
– Ware rate or degradation rate depends on cycling frequency or 

product deteriorates in stand-by as well as during actual use 
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Elevated Temperature Acceleration of 
Chemical Reaction Rates
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Acceleration Factors for the 
SAFT Arrhenius Model
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Time-Acceleration Factor as a Function of 
Temperature Factor (Figure 18.3)
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Nonlinear Degradation Reaction-Rate 
Acceleration
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SAFT Model from Nonlinear Degradation Path
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The Arrhenius-Lognormal Regression Model
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0 1log ,    (0,1) T x Z Z Nβ β σ= + + ∼
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SAFT Model from Linear Degradation Paths
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Linear Degradation Reaction-Rate Acceleration
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Linear Degradation Reaction-Rate Acceleration
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Non-SAFT Degradation Reaction-Rate 
Acceleration
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Voltage Acceleration and Voltage Stress 
Inverse Power Relationship



14

10/19/2004 Unit 18 - Stat 567 - Ramón León 27

Inverse Power Relationship-Weibull Model
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Other Commonly Used Life-Stress Relationships
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Eyring Temperature Relationship
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The Eyring Regression Model (e.g., for 
Weibull or Lognormal Distribution)
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Humidity Acceleration Models
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Humidity Regression Relationships
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Temperature/Humidity Acceleration Factors with 
RH and Temp K and No Interaction
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Thermal Cycling
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Coffin-Manson Relationship
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Generalized Coffin-Manson Relationship
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Other Topics in Chapter 18

• Other accelerated degradation models and 
relationships to accelerated time models

• Discussion of stress-cycling models
• Other models for two or more 

experimental factors.


