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What Do We Want From A Durability Test?What Do We Want From A Durability Test?

• Durability test that’s suitable 

for the item in question:

– a component, 

– sub-assembly 

– or whole structure

• Test must replicate the same 

failure mechanisms as seen in 

the real world

• Test should be representative 

of the real loading environment

• Test should be accelerated where possible but 

not incur unrealistically high loads

• Test specification can be used in FE based 

virtual test or real physical test
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Mission ProfilingMission Profiling

• A Mission Profile is a set of loading events that constitute 

the expected loads seen by a structure over its life.

• Events might be time series records of discrete events like 

curb strikes or potholes, or extra-ordinary emergency cases 

(deterministic)

• or PSD records of continuous vibratory loading such as 

engine induced vibration, etc. (stochastic)

Mission Profile
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x 100 rpts

x 100 hrs

+

+

etc…
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Test SynthesisTest Synthesis

Test Specification

• Test can be expressed in the form of a 

PSD or Swept Sine signal

• Test has same damage content as Mission 

Profile

• Test accounts for statistical uncertainties

• Test is accelerated to reduce test duration

• Test is verified to ensure no unrealistically 

high loads are induced

Mission Profile

x 200 rpts

x 200 hrs

x 100 rpts

+

+

etc…
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Simple ExampleSimple Example

The car Manufacturer 
knows what 
vibrations are 
transmitted to the 
vehicle through the 
chassis

Question

What vibration level is transmitted to the light? 

→ The supplier wants to reproduce it on shaker table for sign off tests!

Measure base acceleration

Light

Mechanical link
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How to get the Vibrations transmitted to a 
component?

How to get the Vibrations transmitted to a 
component?

• Measure it!

– Difficulties to access the component

– Lots of components i.e. 100’s more channels needed!Not realistic!

To investigate!

• Use the dynamical properties of the link component / chassis…
and get the components response artificially!

– You may know its frequency response

– or simply have a rough idea of its 1st natural frequency
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Investigating Solution 2Investigating Solution 2

• Consider a simple vibrating 

component mounted on the 

vehicle platform

• The component receives the 
most critical loads when 

excited at its natural frequency

Mechanical link

Supposed Frequency Response

of the mechanical link!
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Shock Response Spectrum (SRS)Shock Response Spectrum (SRS)
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Shock Response Spectrum (SRS)Shock Response Spectrum (SRS)

20

40

60

80

100

120

1000 2000 3000 4000

Natural Frequency (Hz)

Stress (MPa)

-10

0

10

20

30

0.2 0.4 0.6 0.8

Time (s)

Acceleration (G)

-20

0

20

40

60

0.2 0.4 0.6 0.8

Time (s)

Stress (MPa)

max

1000 2000 3000 4000

Frequency (Hz)

Transfer Function (fn)

2.5

5

7.5

10

12.5

fn

Filter acceleration input with SDOF transfer 

function

Find amplitude of maximum response

Increment natural frequency and recalculate



Accelerated Vibration Testing Based on Fatigue Damage Spectra Slide 13

Shock Response Spectrum (SRS)Shock Response Spectrum (SRS)
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Lalanne’s Fatigue Damage Spectrum (FDS)Lalanne’s Fatigue Damage Spectrum (FDS)
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Mission ProfilingMission Profiling
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Test SynthesisTest Synthesis
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Calculate the Test PSDCalculate the Test PSD

• Cumulative FDS for 

target design mission

• FDS of each mission 

event
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Calculate the Test PSDCalculate the Test PSD

• Test PSD contains the 

same damage as the 

target design mission over 

an accelerated period

• Test time = 53 hours

• Target mission = 1000 

hours
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Calculate the Test PSDCalculate the Test PSD

• ERS of accelerated test 

is comparable with SRS 

of target Mission

• Test time = 53 hours

• target mission 1000 

hours
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SummarySummary

• Shown how to represent the vibration 

environment by a Fatigue Damage 

Spectrum (FDS) and Shock Response 

Spectrum (SRS)

• FDS and SRS implicitly model the 

dynamics of the component without us 

having to know them in advance

• Shown how we can invert the FDS to 

calculate an equivalent test PSD 

having the same damage content as 

the real vibration environment. This is 

used to drive the vibration test.

• Shown how the SRS is used to ensure 

that the test is representative of the 

real loads seen by the component 

without excessive overloads or 

underloads

• Shown how the FDS and SRS can be 

used for onboard HUMS (Health and 

Usage Monitoring System)
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