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What Do We Want From A Durability Test?

Durability test that’s suitable
for the item in question:

- acomponent,

— sub-assembly

— or whole structure
« Test must replicate the same
failure mechanisms as seen in
the real world

“ S,

« 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 Profiling

Mission Profile

Air combat
Z N
S~ Intercept
Descent
x 100 rpts
« A Mission Profile is a set of loading events that constitute +
the expected loads seen by a structure over its life.
bl x 100 s
- Events might be time series records of discrete events like ..

curb strikes or potholes, or extra-ordinary emergency cases

deterministic
( inistic) etc...

« or PSD records of continuous vibratory loading such as
engine induced vibration, etc. (stochastic) nCode
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Mission Profile )
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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
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Simple Example

What vibration level is transmitted to the light?

Question

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

The car Manufacturer
knows what
vibrations are
il > transmitted to the
L vehicle through the
_a chassis

Measure base acceleration
_
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How to get the Vibrations transmitted to.a

component?

. Measure it!

—  Lots of components i.e. 100’s more channels needed!

Not reali t'> —  Difficulties to access the component
ot realistic!

. Use the dynamical properties of the link component / chassis...

and get the components response artificially!
To investigate> —  You may know its frequency response

— or simply have a rough idea of its 1st natural frequency

nCode
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Investigating Solution 2

Relative
displacement z(t) « Consider a simple vibrating
7 component mounted on the

Mechanical link Light vehicle platform

| « The component receives the
Vehicle Platform most critical loads when

/ excited at its natural frequency

!

Amplitude of displacemen

Frequency of excitation
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Shock Response Spectrum (SRS)

Acceleration (G)

30

20

0.2 0.4 0.6 0.8

Time (s)

Transfer Function (fn)

]
5\

— ===

\

|
/
o

T \\\\\\_\__—“

11000 2000 3000

Frequency (Hz)
Ja

Filter acceleration input with SDOF transfer
function

Find amplitude of maximum response
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Shock Response Spectrum (SRS)
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Filter acceleration input with SDOF transfer
function

A
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Find amplitude of maximum response

Increment natural frequency and recalculate
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Shock Response Spectrum (SRS)
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Lalanne’s Fatigue Damage Spectrum (EDS)
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Filter acceleration PSD with SDOF transfer
function

A 4

Calculate Max response PSD /Fatigue Damage
from Response PSD

Increment natural frequency and recalculate

Join points to form ERS/FDS

Accelerated Vibration Testing Based on Fatigue Damage Spectra Slide 15

Fatigue Damage Spectrum

Natural Frequency (Hz)
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Mission Profiling

SRS

A 4

alculate SR

FDS

alculate FD

=

Time Histories
\ 4

)

Mission events
consisting:

<>

A 4

alculate FD

FDS

PSDs

ERS

alculate ERS

e several time
histories with
#repeats

Calculate sum of all
FDS

YFDS
e several PSDs

with duration Calculate envelope of all SRS D

& ERS
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—» Calculate SRS

—»{ Calculate FDS

J

PSDs ATime Histories

Duty cycle consisting: —»| Calculate FDS
« several time histories

with #repeats

eseveral PSDs with —»| Calculate ERS
duration

| |
|
Calculate sum “
ol DS

Synthesized Data from the
total lifetime damage

Calculate envelope
of all SRS & ERS

Compare 1

Calculate ERS

Calculate FDS
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Guarantee Coefficients:
* K safety

* K test

Loading
: ngth

d
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Calculate the Test PSD
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Calculate the Test PSD

*s FDSsummation2 - GlyphWorks - nCode ICE-flow
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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 PSD
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ERS of accelerated test
is comparable with SRS
of target Mission

Test time = 53 hours

target mission 1000
hours
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ABSTRACT

Falure of om peraspace companent con anse through the kong tems exposare o Estigue damnging events
asch as lorge sumbers of low omplitede mndom events and'or relofively fewer high smpliude evenis.
Mimsion profiling amd test synthesis 1s o process for denving a simple lnbomtary test that hos at least the
mme damoge podential & the real eevironment but m a imction of the real time. In this paper we intrmodoce
the technical comcepls and present o case stady showing how new technology has drumatically reduced the
ame 1t tokes s prepare omd reduce the ongimal st data.

EKEYVWORIDS

Fatigue Dumnge Spectmam,. Missaoa Prabiling. Test Synthesis, Shook Fespons: Spectrum, Extreme Respanse
Spectrum, Accelembed Vibration Test

INTRODUCTION
& sucoessiul durabibity nig test should sty the following eritemac-

. The test must be suitsble for the item im guestion, be thot o single component, sub-assembly or
mirframe.

1 The test must replicate the same fnilure mecbamizms observed in the real leading environment.

3. The test should be mepresestatnee of the real lasdineg emamament within knoen satistical margins.

4. The test should be ococlersted where pessible o improve development schedules omd reduce cost:
honwever, it should mat mcur enrealistically lagh loads that might alter the tailure mecho s,

5. The test specilication should be sudable for lnborsory based testing amd File Element (FE) based
nnnlysis.

In thiz paper we are interested m vibmbon testing employing electradymamic shaker ar hydraulic shaker ngs.
The method denves o test sgnal 1o the borm of accelernbon FSIY that can be wsed as input 1o the est ng ora
saitable FE bused onalyss. To understamd the apprach we must first review the Shock Response Spectrum
(2RS), Extremye Respoose Spectrum (EESL and Fabgue Damaoge Spectnam (FIXS ) These are discussed in
the folloning sechioes. We can then see bow cach representation s used 1o describo the Bfelime fatigue
domage omd shock mesponse duning the Mission {ar Duty) Profiling singe and how o symthessed est P8I is
denved. The paper concludes wath a short case shudy demonstrating the design appmisal of an underdung

ed to ensure

SRS can be
(Health and

)
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