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ABSTRACT 
     Operational Modal Analysis (OMA) has lately been a more and 

more common tool in structural dynamics. The benefits compared 

to Experimental Modal Analysis (EMA) are that one does not need 

any artificial excitation and that the structure does not have to be at 

rest, which is a requirement of EMA. So far, OMA has won terrain 

for modal analysis of large structures such as buildings and bridges, 

and for vehicles such as helicopters and ships. For rotating equip-

ment, OMA has not yet been widely used or evaluated. 

 

Rotordynamic modes depend on the operating condition of the 

rotating equipment (e.g. speed). Hence the fundamental require-

ment of EMA that the testing object should be at rest is not fulfilled. 

Mapping of critical speeds during start-up and coursing down gives 

some important operating information, but it will not give all modal 

information needed to validate a theoretical model or to verify the 

requirements of damping. 

 

The aim of this paper is to evaluate OMA for rotordynamical modal 

analysis. A numerical model of rotor is used as test object. The 

response is analyzed with various SSI methods. The results are 

presented in a Campbell diagram, showing the frequency depend-

ent rotor modes as well as the structural modes. Values for the 

damping are presented in a root locus plot. These results agree well 

when comparing the results with a direct naturalvalue solver for the 

numerical model. 

 

It is concluded that OMA can be applied to rotordynamical appli-

cations. However, identifying corresponding modes at different 

speeds can be difficult at field measurements; hence the authors 

suggest further research and development of Operational Modal 

Analysis in this specific area. 
 
 
INTRODUCTION 

Modal analysis on large rotating machinery has until a 

few years ago been limited to Experimental Modal Analysis (EMA) 

on machines, which are at rest. The EMA method has limitations 

and disadvantages for these types of applications: 

• The machine is often very heavy, which makes 

it more difficult to excite all interesting modes 

of the machine. 

• The dynamical properties of the machine are 

determined while the machine is at rest. Hence, 

the influence of e.g. speed, temperature or 

process can not be taken into account. 
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The method of Operational Modal Analysis (OMA) 

however allows the engineer to get a modal model of his machine 

or structure without shutting it down. There are a number of bene-

fits of using OMA instead of EMA: 

 

• Simplified measurement procedure: the ma-

chine can still run and needs not be shut down. 

• Lower cost for the customer as the machine can 

run without interruption. 

• The modal parameters (natural frequency, 

damping ratio and mode shape) are determined 

in their proper operating conditions: for ex-

ample, the structure’s dependence on operating 

temperature can be investigated. 

 

The OMA method has been quite widely used when 

measuring modal parameters of civil engineering structures like 

bridges and buildings [1]. This paper investigates the possibility to 

apply OMA to determine rotor modes on rotating machinery.  
 
THEORY 

The SSI method; Stochastic Subspace Identification, is 

a time domain parametric technique, where the modal  

parameters are identified from the matrices of the resulting 

state-space model derived from raw time domain data. For out-

put-only analysis, as used in operational modal analysis, the 

state-space model can be formulated as a state equation modeling 

the dynamics of the system and an observation equation modeling 

the output of the system; 
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where xt is the state vector, yt the output vector, wt the process noise, 

vt the measurement noise, A the state matrix and C the observation 

(or output) matrix. 

 

The natural frequencies and damping ratios can indirectly 

be derived from the state matrix A and the mode shapes from the 

observation matrix C. More information of SSI can be found in e.g. 

Møller et al. [2]. When using an SSI technique, modes are extracted 

using a stabilization diagram. Modes, which are found with the SSI 

method, and which – within pre-defined tolerances – have the same 

damping and natural frequency as the model order is increased – are 

considered stable modes. When harmonic components are present, 

they will, however, also be indicated as vertical lines in the stabi-

lization diagram, but they can be excluded due to their very low 

damping values [3]. The consequence of harmonic components is, 

however, that the time recording should often be significantly 

longer and a significantly higher model order is often required to 

separate the harmonic components from the true structural modes. 
 
NUMERICAL SIMULATION 

       A four degrees of freedom rotordynamical system is 

simulated with an excitation in all nodes that is stochastic in each 

time-step of the simulation. Hence, the excitation on the rotor 

model will be stochastic in time and space, which is an elementary 

requirement of OMA. The simulation is 500 seconds long for each 

rotating speed and the response is sampled with a frequency of  

1 kHz.  
 
ANALYSIS 

The responses are analysed with an SSI method. An 

overlapping band pass filter approach is used, which makes it 

possible to sort out numerical modes, since they can appear outside 

the interval of the band pass. In Figure 1 and 2 are Campbell dia-

gram and Root-locus plots shown where the result from the 

ssi-method applied on the rotordynamical model is compared with 

the direct solution of the eigen value problem. 

The Campbell plot can be used together with the 

root-locus plot to determine numerical modes. Irregular marks in 

one or both of the Campbell plot and the Root-locus plot should be 

analysed with care. Since the velocity dependency of damping and 

natural frequency will have some kind of regular behaviour in 

nature, hence one should be surprise if they occur with irregularity 

in the plots. In this paper a variation of the SSI-parameters are used 

for detecting numerical modes. The allowed spread of the stable 

poles in the SSI-analysis as well as the tolerances for natural fre-

quency and damping when increasing the model order varieties and 

are plotted with different marks in the Campbell plot and corre-
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sponding Root-locus plot. Numerical modes seem to be found at 

different frequencies, depending on the parameters, see Figure 1.   

A third method that are used in this paper to detect or 

exclude numerical modes are a variation of the band pass filter. In 

Figure 3-5 are different filter intervals of the band pass filter used, 

in order to exclude more numerical modes.  
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Figure 1 Campbell plot. Solid lines represent rotor 
modes calculated by a direct eigen value solver or the 
rotoating velocity. Squares denotes the result from the 
least sensitive ssi-analysis, x and + denotes the middle 
sensitive ssi-analysis and the rings the ssi-analysis with 
highest tolerances on natural frequency, damping and 
spead. Without band pass filtering. 
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Figure 2 Root-locus plot of natural frequency vs. decay 
rate. Squares denotes the result from the least sensitive 
ssi-analysis, x and + denotes the middle sensitive 
ssi-analysis and the rings the ssi-analysis with highest 
tolerances on natural frequency, damping and spead. 
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Figure 3 Campbell plot. Solid lines represent rotor modes calcu-
lated by a direct eigen value solver or the rotoating velocity. 
Squares denotes the result from the least sensitive ssi-analysis, x 
and + denotes the middle sensitive ssi-analysis and the rings the 
ssi-analysis with highest tolerances on natural frequency, damping 
and spead. The bandpass width is 100Hz and with 50Hz overlap-
ping. 
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Figure 4 Campbell plot. Solid lines represent rotor modes calcu-
lated by a direct eigen value solver or the rotoating velocity. 
Squares denotes the result from the least sensitive ssi-analysis, x 
and + denotes the middle sensitive ssi-analysis and the rings the 
ssi-analysis with highest tolerances on natural frequency, damping 
and spead. The bandpass width is 60Hz and with 30Hz overlapping. 
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Figure 5 Campbell plot. Solid lines represent rotor modes calcu-
lated by a direct eigen value solver or the rotoating velocity. 
Squares denotes the result from the least sensitive ssi-analysis, x 
and + denotes the middle sensitive ssi-analysis and the rings the 
ssi-analysis with highest tolerances on natural frequency, damping 
and spead. The bandpass width is 200Hz and with 100Hz overlap-
ping. 

 
CONCLUSION 

It is concluded that one can use an SSI method to  

determine rotordynamical modes. However, one need to be careful 

in the evaluation of the Campbell and Root-locus plots and should 

use different intervals of the band pass filter as well as the tolerance 

parameters in order to sort out numerical modes. The future work 

should include analysis of data from a test rig and a more detailed 

study of how different modal properties, for example damping, 

affect the SSI-analysis. 
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