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Abstract −− The present paper describes a novelty 
approach to detect structural changes in the generat-
ing units of Itaipu power plant. The methodology is 
based solely on output time series measured in the 
rotating electric machine. The method deals with the 
application of time-series analysis through auto-
regressive moving average models (ARMA) and sta-
tistical modeling for the linear prediction of damage 
diagnosis. In order to illustrate the procedure pro-
posed is employed a simplified mathematical model 
regarding shaft radial vibrations in the generating 
unit 18A of Itaipu power plant. Several parameters 
variations are imposed in the system to simulate real 
damages conditions in the electrical machine. The 
approach is also evaluated with experimental data. 
The efficacy, advantages and drawbacks of the pro-
posed method are demonstrated through these nu-
merical and experimental tests. 

Keywords−− Damage detection, ARMA models, 
electrical machines, statistical models. 

I. INTRODUCTION 
The study of algorithms for damage detection in me-
chanical system is an area of interest, mainly due to the 
demand for better performance, reliability and availabil-
ity requirements in engineering structures. Particularly, 
the damage detection processes in the generating units 
of Itaipu power plant roles a strategic function, as this 
power plant provides 90% of the electrical energy con-
sumed in Paraguay and more than 20% of the Brazilian 
electric grid demand. In the practice way, several con-
ventional methods adopt the root means square values 
(RMS) and/or overall vibration values in the machine, 
as for example the DIN 45666, ISO 10816 or NBR 
10082. Unfortunately, in the most cases, these features 
failed due to the unavoidable experimental errors, dy-
namics effects, variability, etc. So, to apply these me-
thods is necessary the human advanced experience (Fu-
gate et al., 2001). 

In order to overcome the drawbacks above, an at-
tractive procedure has successful application in structur-
al damage examples (Sohn and Farrar, 2001; and Fugate 
et al., 2001). The approach is based on the employ of 
one-step-ahead error prediction of time-series model as 
damage-sensitive index. The main idea is to construct a 
reference model by using the signal data set in healthy 

condition and to use this reference model to filter the 
data in unknown condition a posteriori. 

Many authors have shown different applications 
with procedures involving time-series analysis. Wang 
(2003) applied this paradigm using an auto-regressive 
(AR) model of vibration signal for gear fault detection 
comparing with wavelet analysis and resonance demo-
dulation. Sohn and Farrar (2001) proposed an approach 
consisting of a two-stage prediction model AR-ARX, 
where ARX is an auto-regressive with exogenous input 
model. Lu and Gao (2005) proposed a different linear 
model written in ARX form without the excitation term. 
In this case, the acceleration response signal was used as 
the “input” to the ARX model. Nair et al. (2006) mod-
eled the signal obtained from sensor as an ARMA mod-
el. They proposed a new damage-sensitive index, which 
was a function of the first three AR components and a 
hypothesis test involving the t-test to obtain a decision 
as to whether or not the structure was damaged. 

Recently, statistical models algorithms has been ap-
plied to decide correctly if damages are present or not 
based on the error prediction from time-series models 
(AR, ARX, AR-ARX, ARMA or ARMAX and its non-
linear variations). In the point of practical view, the sta-
tistical process control (SPC) is the most simple and ef-
fective. Fugate et al. (2001) employ with success this 
method in a concrete bridge column when the structural 
changes were progressively applied. Silva and Dias Jr. 
(2007) exemplified the application of AR-ARX models 
and SPC by using a vertical rotor with four degrees of 
freedom. The fuzzy clustering algorithms are other 
possible algorithms to confirm structural variations cor-
respondent to damage. In this sense, Silva et al. (2007a; 
2008a) compared the two most common fuzzy classifi-
ers fuzzy c-means (FCM) and Gustafson-Kessel proce-
dures. In the present paper, the SPC was used to eva-
luate the damage classification due to the simplicity ex-
plained before. 

The goal in the present paper is to illustrate the stag-
es necessaries to perform damage detection using an 
ARMA reference model and SPC with applications in 
the monitoring of structural healthy from a generating 
unit of Itaipu power plant. First, a simplified analytical 
model was used to simulate the shaft radial vibrations in 
the Itaipu electric machine and after, the tests are rea-
lized using experimental data from shaft vibration sig-
nals of the Itaipu generating unit. In the next sections 


