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Accelerated Life Testing
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Accelerated Life Testing

• Discuss the advantages and assumptions 
of accelerated testing.

• Identify appropriate methods and useful models that 
can be used in accelerated life tests.

• Design an accelerated life test.
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Definitions

• An accelerated test stresses the unit to hasten degradation toward failure.

• An acceleration factor measures how much faster the degradation occurs 
under a given level of stress.

• An acceleration relationship models the rate of degradation as a function of 
the stress level.

• An accelerated life test (ALT) will extrapolate the reliability from the test 
conditions to the actual use level of the stress variable.
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Assumptions

• The increase in the stress equally accelerates all of the degradation processes.

• The increase in stress does not alter the degradation process or introduce new 
ones.

• Stress affects the location of the reliability distribution, but not the scale.

• The selected life distribution and acceleration relationship for the model are 
suitable.
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Stress Forms

• High usage rate

• Faster running rate

• Reduced down time

• Overstress

• elevated storage temperature of the books, 
for example
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Stress Factors

• Temperature

• Humidity

• Light

• Chemicals

• pH

• Oxygen

• Radiation

• Voltage

• Current
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Stress Loading

• Constant

• Step

• Ramp

• Sinusoidal

• Piecewise
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Accelerated Life Test Variables

• Exposure time

• Stress

• Other factors

• Covariates or design factors
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Acceleration Factor

• An acceleration factor is a numerical estimate of the change in the 
degradation rate between the stress and the real use conditions.

• It is a ratio of the degradation rates at different levels of stress.
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Acceleration Relationship

• Acceleration relates reliability to the level of the stress.

• The relationship comes from theory of the degradation process for a 
particular failure mode.

• For example, the Arrhenius relationship is often used for acceleration by 
temperature.

• The relationship linearizes the dependence of the life distribution model 
parameters on the stress variable.
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Fit Life by X Transformations

These transformations are available in the platform:

• Arrhenius (F, C, K), 𝜇 = 𝛽0 + 𝛽1
11605

𝑋

• Voltage, 𝜇 = 𝛽0 + 𝛽1𝐿𝑜𝑔 𝑋

• Linear, 𝜇 = 𝛽0 + 𝛽1𝑋

• Log, 𝜇 = 𝛽0 + 𝛽1𝐿𝑜𝑔 𝑋

• Logit, 𝜇 = 𝛽0 + 𝛽1𝐿𝑜𝑔
𝑋

1−𝑋

• Reciprocal, 𝜇 = 𝛽0 +
𝛽1

𝑋

• Square Root, 𝜇 = 𝛽0 + 𝛽1 𝑋

• Box-Cox, 𝜇 = 𝛽0 + 𝛽1𝐵𝑜𝑥𝐶𝑜𝑥 𝑋

• Location,  different for each level of X

• Location and scale, ,  different for each level of X
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Arrhenius Relationship

• The relationship is nonlinear in the model parameters.

• K is the degradation rate constant.

• A is specific for each specimen, stress, 
and failure mode.

• E is the energy of activation for the degradation process.

• k is the Boltzmann constant, 8.617343x10-5 eV*K-1

• T is temperature (degrees Kelvin).
( ) kT

E

AeTK

−

=

time to failure = A * exp(E/kT)
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Arrhenius Assumptions

• Degradation is first-order.

• Degradation is irreversible.
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Arrhenius Acceleration Factor
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DOE for ALT

• Torque as accelerating factor

• Have a good guess what failure data 
might look like

• Create priors

• Have 100 units at 5,000 cycles for 3 
levels of stress from 50 to 100 nm

• Want to predict out to 10,000 
cycles 
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DOE for ALT
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• Get results quicker.
• Run test at same stress level for 

specified duration then proceed to 
a higher level of stress

• Cumulative Damage platform

Step Stress
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Demonstration
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