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ü Topics at glance

Ç The development of OMA methods allows estimating the modal 
parameters of a structural system by using vibration responses 
only

Ç The OMA methodologies are of great importance from the industrial 
point of view permitting to evaluate the behavior of a structure 
under its operative conditions

Ç The dynamic identification of a Launch Vehicle structure 
under its actual operative conditions is of great importance for 
launcher industry

ÁUpdating numerical models of the structure and for improving the design
ÁHigh operative costs for the experimental acquisition also in ground 

testing
ÁReducing the time-to-market in the developing phase
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ü Main advantages  from Output-Only analysis

Ç Operational Modal Analysis for time-varying systems

Ç Root locus estimate and Time-Tracking of the modal parameters

Ç Accuracy evaluation of the numerical prediction and model updating 

Ç Identification of (possible) harmonic interactions due to combustion 
dynamics

Ç Validation of the sensor placement methodologies using time-
dependent mode shapes

Ç Evaluation of the effects of dynamic range of measurements in the 
modal parameter estimate and tracking

Ç Estimate rocket performances by integrating numerical simulations

ü Validation of the developed methodology 

Ç Numerical analyses Ç Firing test Ç Flight tests
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Natural Input Modal Analysis

2. Theoretical Background é    1/6
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Natural Input Modal Analysis: N.I.M.A.

Frequency Domain Decomposition

(FDD)

Stochastic Subspace Identification (SSI)
Time & Frequency domain

Hilbert Transform Method

(HTM)

© Department of Mechanical and Aerospace Engineering 

University of Rome ñLa Sapienzaò

Stochastic Modal 

Appropriation

(SMA)
Ready to be implemented

2. Theoretical Background é    2/6



IOMAC2027 OMA Lectures: STRUCTURAL DYNAMICS EXPERIMENTS ON ESA SPACE LAUNCHERS

     Dept. of Mechanical and Aerospace Engineering ï University of Rome «La Sapienza», Roma, Italy 

G. Coppotelli, D. Antonini, L. Onofri    April 09,  2026 

Pagina 8

FDD

HTM

f-SSI

BR
Multiple Approaches 

Single Software 
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Natural Frequencies

Damping Ratios

Normal Modes

and also

Mode scaling

Harmonic removal
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ÇFrom the mathematical point of view the dynamics of a system is defined by its poles (state matrix eigenvalues)

ÇThe OMA techniques provide estimates of the system dynamics by identifying the natural frequencies and 

damping ratios

ÇOnce natural frequencies and damping ratios are estimated the poles of the system are identified

Ç If the poles (in general complex) are written in the complex plane in module and phase 

ÇBy introducing the uncertainties associated to the estimate quantities          and 

ÇThe system poles are practically identified within the uncertainties associated to the natural frequencies

ÇThe system dynamics is identified by the uncertainties associated to its natural frequencies

Page 10

Accuracy of the estimates: some remarks

2. Theoretical Background é    5/6
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A criterion of applicability for time -varying systems

ÇThe OMA hypotheses require a linear time -independent system excited by a white noise

Ç If the system is characterized by time -dependent dynamic properties, the analysis can be carried out 

by splitting the whole observation time into sub -intervals where the system dynamical features can 

be considered as time -independent

ÇThe system dynamics is identified by the natural frequencies uncertainties: the presented 

criterion is based on the frequencies

ÁThe frequency is identified within an error associated to the frequency resolution  

ÁThe frequency can be represented by a reference value plus its time-variation in the 

Áobservation-window 

ÁTo apply the OMA methods and thus consider the system as time-invariant, it must hold

ÁThus, the applicability criterion, linking frequency resolution and time-variation, is obtained: 

2. Theoretical Background é    6/6
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Signal data characterization

ÇFlight phase where the system is excited by a supposed white noise

ÇThe responses are recorded in correspondence of 4 locations left intentionally unknown. 

ÇThree different experimental cases (corresponding to the same flight phase) have been recorded and 

analyzed: Flight#1, Flight#2, Flight#3

ÇTarget modes around 10/20Hz and 30/40Hz

ÇThe analysis is performed in the time-window [200s-500s]

ÇFor the given signal data 30 intervals Ii, i=1,é,30, of 10 seconds are considered (compromise between 

frequency resolution and supposed frequency time-variation)

ÇFrequency resolution 0.1Hz and Nyquist frequency of 227.27Hz

Excitation

Channels

Excitation Spectra Response Spectra

3. OMA on ARIANE Launch Vehicle   1/16
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Analysis parameters in the estimation procedure:

ÁThreshold MAC=0.9
"

FDD numerical procedure

ÇComputation of the PDS matrix

ÇEvaluation of the SVD of the PSD matrix

ÇThe natural frequencies      obtained from the Singular Values trend 

ÇThe damping ratios       are obtained from the logarithmic decrement

3. OMA on ARIANE Launch Vehicle   2/16
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HTM numerical procedure

ÇComputation of the PDS matrix

ÇEvaluation of the FRF via the Hilbert Transform of the PSD matrix

ÇThe system poles (     and     ) are identified via stabilization diagram

3. OMA on ARIANE Launch Vehicle   3/16
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ÇFor all the flights the natural frequencies have been identified

ÇFor all the flights the time -varying trend of natural frequencies have been tracked 

ÇThe identified natural frequencies in different flights (for the same mode and same time) differ for a max of about 

5 Hz

ÇThe difference between the estimates among different flight increases with the mode order

3. OMA on ARIANE Launch Vehicle   4/16

Identified natural frequencies using FDD
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ÇFor all the flights the natural frequencies have been identified

ÇFor all the flights the time -varying trend of natural frequencies have been tracked 

ÇThe identified frequencies in different flights (for the same mode and same time) differ for a max of about 5 Hz

ÇThe difference between the estimates among different flight increase with the mode order
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Identified natural frequencies using HTM
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ÇSimilar tend have been obtained for Flight#2 and 

Flight#3

ÇThe target frequencies have globally been identified and 

time -tracked

ÇThe 2nd natural frequency  has not been identified in the 

interval [260s. 270s] due too high uncertainties in Flight#1 

and Flight#2

Tracking of the natural frequencies using FDD, Flight # 1

3. OMA on ARIANE Launch Vehicle   6/16
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ÇSimilar trends have been obtained for Flight#2 and 

Flight3

ÇThe target frequencies have been identified and time-tracked

Tracking of the natural frequencies using HTM, Flight #1

3. OMA on ARIANE Launch Vehicle   7/16
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ÇThe damping ratios have been globally identified and time-

tracked

ÇStrongly dependent on the considered flight by considering 

the single value 

ÇSimilar intervals of variation

Ç In the interval [260s, 270s] the damping ratio are not 

identified for Flight#1 and Flight#2 (because are not identified 

the frequencies)

Flight#1 Flight# 2

Flight#3

3. OMA on ARIANE Launch Vehicle   8/16

Tracking of the damping ratios using FDD
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ÇThe damping ratios have been identified and time -tracked

ÇStrongly dependent on the considered flight by considering the 

single value

ÇSimilar intervals of variation

Flight#2

Flight#3

Flight# 1

3. OMA on ARIANE Launch Vehicle   9/16

Tracking of the damping ratios using HTM
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ÇThe first frequency is the best identified 

ÇThe higher the order of the corresponding modes the higher the differences within the estimates among different flights

ÇThe largest difference among the identified frequency with FDD and HTM is around 5Hz

time

3. OMA on ARIANE Launch Vehicle   10/16

HTM vs FDD natural frequencies comparison 
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ÇThe modes are compared with their estimation in the first 

time-interval

Ç 1st Mode shape tracking is consistent among the three flights

Flight#1 Flight#2

Flight#3

3. OMA on ARIANE Launch Vehicle   11/16

Tracking of the 1 st mode shape using FDD



IOMAC2027 OMA Lectures: STRUCTURAL DYNAMICS EXPERIMENTS ON ESA SPACE LAUNCHERS

     Dept. of Mechanical and Aerospace Engineering ï University of Rome «La Sapienza», Roma, Italy 

G. Coppotelli, D. Antonini, L. Onofri    April 09,  2026 

ÇThe modes are compared with their estimation in the first 

time-interval

Ç 2nd Mode shape tracking is more difficult with respect the 

first even if the trend are consistent among the different 

flights (In Flight#1 and Flight#2 is not identified being not 

identified the frequencies)

ÇNot in all the time-intervals it has been possible estimate the 

modal parameters

Flight# 1 Flight#2

Flight#3

3. OMA on ARIANE Launch Vehicle   12/16

Tracking of the 2nd mode shape using FDD



IOMAC2027 OMA Lectures: STRUCTURAL DYNAMICS EXPERIMENTS ON ESA SPACE LAUNCHERS

     Dept. of Mechanical and Aerospace Engineering ï University of Rome «La Sapienza», Roma, Italy 

G. Coppotelli, D. Antonini, L. Onofri    April 09,  2026 

ÇThe modes are compared with their estimation in the first 

time-interval

Ç 3nd Mode shape tracking is the most difficult with respect the 

first even if the trend are similar among the different flights

ÇNot in all the time-intervals it has been possible estimate the 

modal parameters

Flight#1 Flight# 2

Flight#3

3. OMA on ARIANE Launch Vehicle   13/16

Tracking of the 3 rd mode shape using FDD


