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FEM is a powerful instrument for structural behaviour
simulation: however, structure and model can differ due
to several reasons (discretization, modeling

assumptions, material properties and damping)
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| Need for calibration and
validation of numerical models



E Known input (FRF, IRF)

F Lab environment (Boundary
condition simulation)

B Expensive and slow
B Interference in use

B Selectable number of inputs
and outputs (SISO, SIMO,
MISO, MIMO)

B Suitable only for single tests

EMA

B Assumed input (Gaussian
white noise)

B Operational environment
(no boundary condition
simulation)

E Cheap and fast
B No interference in use

E Only MIMO-type
procedures

B Suitable for single tests and
for continuous monitoring

OMA



B Main assumptions

» Linearit .
y Parametric
- Stationarity methods
» Observability - Least Square Complex
Exponential
» Eigensystem Realization
m L\ C A Algorlthm

- ARMAV models

- Stochastic subspace

| S methods

» Maximum Likelihood
frequency domain method

More complex and
f computational demanding
]

Non-parametric
methods

» Basic Frequency
Domain

» Frequency Domain
Decomposition

Straightforward
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- Least Square Complex Exponential

« Ibrahim Time Domain
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Model estimation from solution in a least-square sense of Prony’s
equation: it returns natural frequencies, damping, amplitudes and phases

. sinfZ2m*F 1) + sinfZa*f2) + Gaussian Moise
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AR, MA and ARMA models
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Time Series fram the Sinmulated System

10-
5-
D_

-5-
-10-4
i

Criginal m

&R Coefficients Estmated [N

1 1 1 1 1 I I I I (I}
100 200 300 400 S00 &00  FOO 800 900 1023

AR Order Estimation Settings
‘eeight of Each Order E

Criterion Function weight of the Optimal Order [T Methad
2- )

! . . .

- ",;I Final Prediction Error
g
=
z e e e e e e
: HEE BIEENEEEEERE 2 -
o -
5 = e e Low

0- 1 1 [ [ [ 1 [ i

1 z 3 4 5 & 7 ] 9 o 1
Order High

Estimated Optimal AR Order A
3 - 10




» Eigensystem Realization Algorithm (Covariance-Driven Stochastic
Subspace Identification)

i
- (Data-Driven) Stochastic Subspace Identification 23]
[Al,[c] %
Inverse problem solved by robust A discrete-time stochastic state
numerical techniques (Singular Value space model is derived starting from
Decomposition, QR Decomposition...) the dynamic equilibrium equation

Skabilization diagram

Stabilization diagram is a fundamental
tool for physical modes selection
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B Basic Frequency Domain
» Natural frequencies and operating deflection shapes

¥ Enhanced Frequency Domain Decomposition
- Natural frequencies, damping ratios and mode shapes
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- Well-separated modes, low damping

- Able to solve mode multiplicity
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» Least Square Complex Frequency Domain

» Maximum Likelihood Frequency Domain
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High-performance hardware

Commercial solutions Programmable hardware




B Vibration-based structural health

monitoring for performance

evalutation (i.e. short term impact
due to earthquakes) and damage
detection (long-term deterioration

due to ageing and fatigue)

B Force reconstruction

B Model updating

B Modal-based damage
detection algorithms (changes
in natural frequencies,
damping ratios and mode
shapes)

B Results of modal analysis
used for on-line or off-line
force identification; useful for
damage assessment and
prognosis

B Validation and calibration of
FE models



B Joint research by StreGa Lab (University of Molise) and DIl (University of Salento)



B Classification:

-~ Stationarity

+ Statistical distribution
B Validation

+ Clipping

+« Drop-out

+ Spurious harmonics
B Offset and trend removal



B EFDD and BFD

F MAC and AutoMAC
matrices

B Complexity plots

B Mode Shape
Visualization

B Report of the identified
modal parameters



A = 1.3 Mg

Mode number | Setup A [Hz]| Setup B [HZ]
1 4.37 4.37
2 4.99 4.97
3 5.47 5.46

High modal density



First mode Second mode Third mode



E Operational Modal Analysis is an effective tool for a number of
applications

E Compared with traditional EMA, it is more versatile, cheaper and faster

E Several methods are available in the literature, working both in time
and frequency domain

E Problems when dealing with harmonics (potential mistakes in mode
Identification, potential bias in mode estimation, need of a high dynamic
range to extract weak modes in presence of such spurious hamonics)

E Un-scaled mode shapes: mass change method for identification of
scaling factors

E Automation of modal parameter identification techniques for structural
health monitoring applications
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